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ABSTRACT 

Water q u a l i t y  was moni tored f o r  17 months i n  s i x  d i f f e r e n t  

a g r i c u l  t u r a l  watersheds t o  eva lua te  t h e  impact o f  a1 t e r a t i o n s  i r~ r i p a r i a n  

vege ta t i on  and channel morphology. Sampling was conducted d u r i n g  bo th  base 

f l o w  and r u n o f f  per iods .  

Dur ing  base f lows, where r i p a r i a n  vege ta t i on  had been removed, 

i n t e r a c t i o n s  between b i o l o g i c a l  processes o f  ins t ream o rgan i c  p roduc t i on  

and hyd ro log i ca l  processes o f  seasona l l y  low f lows a r e  t h e  p r imary  

determinants  of  seasonal dynamics of suspended s o l i d s ,  t u r b i d i t y  and 

p a r t i c u l a t e  phosphorus concent ra t ions .  Peak l e v e l s  o f  a1 1  parameters a r e  

reached d u r i n g  t h e  summer p e r i o d  o f  increased b i o t i c  a c t i v i t y .  Ins t ream 

organ ic  p roduc t i on  i s  o f  l e s s  importance i n  r e g u l a t i n g  water  q u a l i t y  where 

r i p a r i a n  vege ta t i on  i s  mainta ined and f l o w s  a r e  n o t  i n t e r m i t t e n t .  

Concentrat ions of suspended s o l i d s  remain r e l a t i v e l y  constant ,  and seasonal 

dynamics of phosphorus and t u r b i d i t y  appear t o  be c o n t r o l l e d  by l e a f  

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

importance o f  ins t rearn o rgan i c  p roduc t i on  i n  c o n t r o l l i n g  water q u a l i t y ,  

even when r i p a r i a n  vege ta t i on  i s  present .  

Dur ing  r u n o f f  events, a  s imp le  model based on t h e  KLS f a c t o r s  o f  t h e  

Un iversa l  S o i l  Loss Equat ion a c c u r a t e l y  p r e d i c t s  s p a t i a l  p a t t e r n s  o f  

suspended so l  i ds ,  t u r b i d i t y ,  and phosphoru's l e v e l s  i n  watersheds w i t h  a  

un i f o rm  channel ized stream, w e l l  p ro tec ted  stream banks, and c u l t i v a t i o n  

t o  t h e  stream edge. The model was n o t  an accura te  p r e d i c t o r  where 

he te rogene i t y  i n  r i  pa r i an  vege ta t i on  and channel morphology e x i  s ted .  

Suspended s o l i d s  concen t ra t ions  were g r e a t e r  t han  p r e d i c t e d  i n  areas where 

uns tab le  ( f i n e )  substates occur  and p o t e n t i a l  energy o f  t h e  stream i s  

h i g h  due t o  removal o f  r i p a r i a n  vege ta t i on  and c r e a t i o n  o f  a  u n i f o r m  and 

s t r a i g h t  channel.  T iming o f  t h e  peak concen t ra t i ons  i n  these  areas seemed 

t o  be r e l a t e d  t o  ma jo r  f l ushes  o f  d ischarge  due t o  r a p i d  urban dra inage 

o r  de layed a d d i t i o n  o f  su r f ace  o r  subsur face i n p u t s .  T h i s  suggests t h a t  



water  q u a l i t y  d u r i n g  r u n o f f  events i s  p r i m a r i l y  governed by h y d r o l o g i c a l  

processes. B i o l o g i c a l  processes determine i n c i p i e n t  cond i t i ons .  The 

hydro1 o g i c a l  processes i n v o l  ve complex i n t e r a c t i o n s  between watershed 

e ros ion  p o t e n t i a l ,  channel e q u i l i b r i u m ,  hyd ro log i ca l  impacts of  r i p a r i a n  

vege ta t ion ,  and magnitude o f  t h e  r u n o f f  event. 

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

water  resources and f o r  mode l l i ng  water  q u a l i t y  i n  a g r i c u l t u r a l  watersheds 

v a r i e s  depending on f l o w  cond i t i ons .  Dur ing  base f low,  emphasis should be 

p laced on l i n k i n g  h y d r o l o g i c a l  t heo ry  o f  ins t ream t r a n s p o r t  of i n o r g a n i c  

m a t e r i a l  t o  b i o l o g i c a l  t heo ry  o f  p roduc t i on  and t r a n s p o r t  of  o rgan ic  

m a t e r i a l .  Dur ing  r u n o f f  events, emphasis should be p laced  on l i n k i n g  o f  

e ros ion  p r e d i c t i o n s  f rom a g r i c u l t u r a l  t heo ry  t o  geomorphological  t h e o r y  

o f  strearn e q u i l i b r i u m  and sediment t r a n s p o r t .  Such i n t e r d i s c i p l i n a r y  

l i nkages  should p rov ide  resource management dec i s i ons  which w i l l  have t h e  

g r e a t e s t  chance of  success and broadest  range o f  a p p l i c a b i l i t y .  
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F i n a l  r e p o r t  t o  t h e  Water Resources Center, U n i v e r s i t y  o f  I 1  1  i n o i s ,  

Urbana , 1980. 

KEYWORDS: " a g r i c u l t u r a l  watershed/*channel morphology/ I 1  1  i n o i s /  

mode l l i ng  water  q u a l i t y 1  *nonpoint  p o l l u t i o n /  phosphorus/ " r i p a r i a n  vege ta t ion /  
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INTRODUCTION 

S o c i e t a l  concern f o r  d e t e r i o r a t i n g  q u a l i t y  o f  water  resources has 

r e s u l t e d  i n  major federal  and s t a t e  i n i t i a t i v e s  t o  h a l t  and even reverse  

t h a t  degradat ion. The goal o f  these programs i s  p rese rva t i on  of t h e  

"phys ica l  , chemical, and b i o l o g i c a l  i n t e g r i t y "  o f  water  resources (U. S. 

Congress, 1972). E a r l y  po l  l u t i o n  c o n t r o l  e f f o r t s  emphasized p o i n t  

sources. More r e c e n t l y  a t t e n t i o n  has s h i f t e d  t o  c o n t r o l  o f  nonpoint  

sources. I n  a g r i c u l t u r a l  watersheds t h e  p r imary  s t r a t e g y  f o r  ach iev ing  

t h i s  goal i nvo l ves  two major s teps (Beasley, 1977; Donnigan and Crawford, 

1977; M i l l e r  e t  a1 ., 1979): ( 1  ) model1 i n g  t h e  t e r r e s t r i a l  p o r t i o n  o f  t h e  

watershed t o  i d e n t i f y  c r i t i c a l  e ros i ve  areas, and ( 2 )  t r e a t i n g  these 

areas w i t h  t r a d i t i o n a l  so i  1  conserva t ion  p rac t i ces .  Th is  appro act^ seeks 

t o  improve c h a r a c t e r i s t i c s  o f  water  e n t e r i n g  stream channels d u r i n g  

t r a n s i e n t  r u n o f f  per iods.  The pr imary a t t r i b u t e s  o f  water  q u a l i t y  

considered i n  these e f f o r t s  a r e  suspended so l  i d s  and n u t r i e n t s  ( e s p e c i a l l y  

n i t r o g e n  and phosphorus f r a c t i o n s ) .  A  wide range o f  o t h e r  p o l l u t a n t s  may 

a l s o  be considered. The expec ta t ions  o f  nonpoint  c o n t r o l  e f f o r t s  a r e  

improvements i n  water  resources bo th  w i t h i n  t h e  impact area and i n  

downstreams reaches (U. S. Envi ronmental P r o t e c t i o n  Agency, 1980). 

The unde r l y i ng  assumptions o f  t h i s  approach a r e  t h a t :  ( 1 )  phys ica l  

processes i n  t h e  t e r r e s t r i a l  p o r t i o n  o f  t h e  watershed a r e  pr imary 

determinants o f  water  q u a l i t y  and (2 )  qual i t y  o f  b i o l o g i c a l  resources i s  

c o n t r o l l e d  by t r a n s i e n t  cond i t i ons  d u r i n g  runo f f  events.  It i s  gene ra l l y  

argued t h a t  annual mass expo r t  ( l o a d i n g )  i s  determined by a  few major 

r uno f f  events  (Lake and Morr ison 1977). Thus r e g u l a t i o n  o f  water qual i t y ,  

i t  i s  argued, must focus on these events r a t h e r  than  on circumstances 

d u r i n g  t h e  more common low- f low cond i t i ons .  

A  s u b s t a n t i a l  body o f  t heo ry  and emp i r i ca l  evidence suggests t h a t  

acceptance o f  these assumptions may n o t  be i n  t h e  bes t  i n t e r e s t  o f  t h e  

w ides t  a r r a y  o f  water  resource ob jec t i ves .  Geomorphol og i ca l  (Leopold e t  

a l . ,  1964; Evans and Schnepper, 1977; Leedy, 1979), hyd ro log i ca l  ( S t a l l  



and Yang, 1972; Yang and S t a l l ,  1974), and eco log i ca l  (Moring, 1975; 

Bormann and Likens, 1979) s tud ies  suggest t h a t  phys ica l  and b i o l o g i c a l  

processes occu r r i ng  i n  channel and r i p a r i a n  areas a1 so have subs tan t i a l  

impact on seasonal dynamics o f  water q u a l i t y  du r i ng  both base f low and 

runo f f  cond i t i ons  (Kar r  and Schl osser , 1978). Furthermore, t h e  importance 

o f  water q u a l i t y  du r i ng  base f l o w  t o  b i o l o g i c a l  i n t e g r i t y  i s  f i r m l y  

es tab l  ished (Hynes, 1970, 1974). 

Th i s  accumulat ion of evidence demands an expanded perspec t ive  i n  t he  

eva lua t i on  and c o n t r o l  of nonpoint p o l l u t a n t s  t o  streams i n  a g r i c u l t u r a l  

watersheds. The goals  o f  t h i s  e f f o r t  must be broadened t o  i nc lude  

reduc t i on  i n  mass expor t  o f  sediment and r e l a t e d  p o l l u t a n t s  du r i ng  r u n o f f  

cond i t i ons  as w e l l  as r e c o g n i t i o n  of t h e  r o l e  o f  water q u a l i t y  

c h a r a c t e r i s t i c s  i n  determin ing b i o t i c  i n t e g r i t y  du r i ng  average f low 

cond i t ions .  The development o f  a  management s t ra tegy  us ing  these 

p r i n c i p l e s  must be based on a  b e t t e r  understanding o f  t h e  r o l e  of phys ica l  

and b i o l o g i c a l  processes i n  t e r r e s t r i a l  , r i p a r i a n ,  and aquat ic  p o r t i o n s  

o f  watersheds. 

The purposes o f  t h i s  p r o j e c t  were t o  i n i t i a t e  an eva lua t i on  o f  (1 )  t h e  

impact o f  r i p a r i a n  vegeta t ion  on water q u a l i t y  under base f l o w  cond i t ions ,  

(2 )  the  impact o f  p o i n t  sources o f  p o l l u t i o n  on water q u a l i t y  i n  a g r i c u l t u r a l  . 

watersheds under va ry ing  f l o w  cond i t ions ,  and (3 )  t h e  r o l e  of r i p a r i a n  

vegetat ion,  channel morphology, and e ros i ve  p o t e n t i a l  i n  c o n t r o l  1  i n g  water 

qua1 i ty du r i ng  r u n o f f  events. 

Due t o  l i m i t e d  a v a i l a b i l i t y  o f  funds, i t  was n o t  poss ib le  t o  automate 

sampl i n g  s i t e s .  I n  add i t i on ,  1  i m i t e d  s t a f f  and funds f o r  t r a v e l  t o  t h e  study 

watersheds, e s p e c i a l l y  i n  t he  second year,  precluded many va luab le  f i e l d  

a c t i v i t i e s  as w e l l  as measurement o f  a  number o f  w a t e r - q u a l i t y  parameters. 

Despi te  these f i n a n c i a l  and l o g i s t i c a l  l i m i t a t i o n s  we have been a b l e  t o  show 

major v a r i a t i o n s  i n  water q u a l i t y  c h a r a c t e r i s t i c s  as func t i ons  o f  nearstream 

vegeta t ion  and channel morphology as we1 1  as the  more convent ional  parameters 



such as e ros ive  p o t e n t i a l  i n  t he  watershed. The r e l a t i v e  importance o f  

these f a c t o r s  i n  governing water q u a l i t y  parameters v a r i e s  w i t h  f l o w  

cond i t i ons .  Thus, t he  body o f  t h i s  r e p o r t  i s  d i v i d e d  i n t o  two major 

sec t ions  which d e t a i l  these dynamics du r i ng  per iods when no surface 

r u n o f f  had occurred f o r  a t  l e a s t  one week (base f low) and du r i ng  periods 

o f  s i g n i f i c a n t  sur face  runoff. 



STIJOY AREAS 

We s tud ied  s i x  watersheds d i f f e r i n g  i n  impact  o f  po in t -source  inpu ts ,  

channel morphology, t ype  o f  r i p a r i a n  vege ta t ion ,  and s p a t i a l  p a t t e r n  o f  

e r o s i v e  p o t e n t i a l  w i t h i n  t h e  watershed. F i v e  a r e  l oca ted  i n  Champaign 

and Ve rm i l i on  coun t i es  w i t h i n  50 km o f  Champaign-Urbana, I l l i n o i s  (F ig .  ~A,B) .  

The o t h e r  i s  l oca ted  100 krn south o f  Ct~ampaign-Urbana i n  Coles and 

Cumberland coun t i es  (F ig .  1C). Three o f  t h e  watersheds ( B i g  D i t ch ,  Spoon 

River ,  and Jordan Creek) were sampled d u r i n g  bo th  base f l o w  c o n d i t i o n s  

and r u n o f f  events .  

Three o t h e r  watersheds (Hurr icane Creek, C o l l  i s o n  Creek, and t h e  

Embarras R i v e r )  were sampled o n l y  d u r i n g  base f l o w  c o n d i t i o n s  t o  eva lua te  

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

streams . 

B i g  D i t c h  

2  B i g  D i t c h  i s  a  l a r g e  watershed (75-90 km ) o r i g i n a t i n g  1  km eas t  o f  

Rantoul , I 1  1  i n o i s  i n  t h e  Sangamon R i ve r  d ra inage  (F ig .  1  A). Land use i s  

i n t e n s i v e  a g r i c u l t u r e  w i t h  g r e a t e r  than  90% row crops ( co rn  and soybeans). 

S o i l  types a r e  dominated by t h e  S i d e l l - P a r r  and Drummer-Brenton-Elburn 

a s s o c i a t i o n  i n  t h e  more r o l l i n g  areas o f  t h e  watershed and Drummer-Flanagan . 

a s s o c i a t i o n  i n  t h e  l e v e l  areas. The stream i s  channe l i zed  w i t h  c u l t i v a t i o n  

t o  t h e  stream edge and 1  i t t l e  p o o l - r i f f l e  development (F ig .  2 ) .  En te r i ng  

t h e  upper p o r t i o n  o f  t h e  stream i s  a  mun ic ipa l  wastewater i n p u t  o f  

approx imate ly  75 m i l  1  i o n  1  i t e r s  per  day (30  CFS). 

Spoon R i v e r  

2  Spoon R i v e r  i s  a  moderate ly  l a r g e  watershed (30-40 km ) l oca ted  i n  

Champaign County approx imate ly  8 km n o r t h  o f  S t .  Joseph, I l l i n o i s  i n  t h e  

S a l t  Fork  d ra inage  (Fig.1 A). Land use i s  i n t e n s i v e  a g r i c u l t u r e  w i t h  more 

than  90%row crops.  S o i l  types a r e  predominant ly  t h e  E l l i o t t - V a r n a  

a s s o c i a t i o n  i n  r o l l i n g  areas and Drurr~rrler-Brenton-Elburn i n  l e v e l  areas. 

The stream i s  channe l i zed  w i t h  c u l t i v a t i o n  t o  t h e  edge and l i t t l e  poo l -  

r i f f l e  development ( F i g .  3 ) .  There a r e  no mun ic ipa l  i npu t s ,  a l though some 

small s e p t i c  i n p u t s  produce l o c a l i z e d  impacts on wate r  q u a l i t y .  



c HAMPA l G N COUNTY 

EMRARRAS 

F igu re  1A. Map o f  Champaign County showing l o c a t i o n s  o f  B i g  D i tch ,  

Spoon River ,  and Embarras R i ve r  watersheds. (C-U = Champaign - 
Urbana ; R = ~ a n t o u l )  
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Figure  2. Channel and r i p a r i a n  cond i t i ons  i n  upstream ( t o p  photo) 

and downstream ( lower )  B ig  Di tch,  Champaign County, I l l i n o i s .  
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Jordan Creek 

2 The watershed of Jordan Creek (25-50 km ) i s  loca ted  i n  Vermi l ion  

county 50 km east  of Champaign-Urbana i n  t h e  S a l t  Fork drainage (F ig .  1U). 

Land use i s  i n t e n s i v e  a g r i c u l t u r e  w i t h  80-90% row crops. S o i l  i s  

pr i rnar i  l y  the  Drummer-Fl anagan assoc ia t ion ,  except i n  r o l l  i ng areas near 

t h e  S a l t  Fork r i v e r  where Fincast le-Russel l  dominates. Since r i p a r i a n  

vegeta t ion  and channel morphology vary a long the  l eng th  of t h e  stream, 

we d i v ided  t h e  stream i n t o  f o u r  d i s t i n c t  regions. 

I n  Region 1 t h e  stream i s  channel ized w i t h  c u l t i v a t i o n  t o  t h e  edge 

and no pool -ri f f l  e development (F ig.  4). Region 2 has moderate pool - r i f f 1  e 

development and i s  bordered on each bank by an 8-1 0 meter s t r i p  of r i p a r i a n  

vegeta t ion  (F ig.  5). The vegeta t ion  i s  composed o f  a m ix tu re  o f  maple 

(Acer spp. ), w i l l o w  (Sal i x  spp. ), box e l d e r  (Acer - negundo) , hackberry 

(Cel t i s  o c c i d e n t a l i s ) ,  ash (Fraxinus spp. ),  b lack cher ry  (Prunus sero t ina) ,  

elm (Ulmus spp.), Osage orange (Maclura pornifera), m u l t i f l o r a  rose 

(Rosa m u l t i f l o r a ) ,  poison i v y  (Rhus radicans) ,  and golden r o d  (Sol idago spp.). 

Region 3 i s  a s ide  branch en te r i ng  t h e  mainstream below Region 2. The 

stream i s  channel i zed  (no pool - r i f f 1  e development) and cu l  t i v a t e d  t o  the  

stream edge (F ig .  6) except i n  i s o l a t e d  areas where r i p a r i a n  vegeta t ion  

s i m i l a r  t o  t h a t  o f  Region 2 i s  present.  Th i s  s ide  branch receives a s e p t i c  

i n p u t  from Fairmount, I 1  1 i n o i s  dur ing  base f lows and combined storm-sewer 

i npu ts  du r ing  storm events. Region 4 has w e l l  developed pools and r i f f l e s  - 

and i s  bordered on each s i d e  by a b e l t  o f  r e l a t i v e l y  mature f o r e s t  10-400 m 

wide (F ig .  7).  Vegetat ion i s  dominated by maple, oak (Quercus spp.), 

cottonwood (Popul us de l  t o i  des) , sycamore (P l  antanus occ identa l  i s )  , ironwood 

(Carpinus ca ro l  i n i ana )  , poison i v y ,  and mu1 t i  f l o r a  rose. 

Hurr icane Creek 

2 Hurr icane Creek w i t h  an area o f  75-90 km i s  loca ted  approximately 100 

km south o f  Champaign-Urbana i n  Cumberland and Coles Counties i n  t h e  

Embarras R iver  drainage (F ig.  1C). Land use i s  i n t e n s i v e  a g r i c u l t u r e  w i t h  

g reater  than 80% row crops. S o i l s  i n  r o l l i n g  areas o f  t h e  watershed 

are dominated by the  Russell-Miami assoc ia t ion .  The more l e v e l  areas c o n s i s t  
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p r i m a r i l y  o f  Cowden-Weir and Stoay-Hickory assoc ia t i ons .  The stream has 

n~ode ra te l y  w e l l  developed poo ls  and r i f f l e s .  It i s  bordered by a  10-20 

meter s t r i p  of  r i p a r i a n  vege ta t i on  dominated by cottonwood, wi  1  low, and 

sycamore w i t h  o n l y  sca t t e red  i n d i v i d u a l s  o f  maple, elm, and ash. Very 

few oaks occurred a l ong  t h i s  stream. There a r e  no mun ic ipa l  i n p u t s  t o  t h e  

strearr~, b u t  f e e d l o t  i n p u t s  i n  t h e  upper p o r t i o n  o f  t h e  watershed have 

l o c a l  i z e d  irnpacts on wate r  qua1 i ty. 

C o l l i s o n  Creek 

2  Our sma l l es t  watershed (Co l l  i s o n  Creek, 15-18 km ) i s  l oca ted  i n  

no r t heas t  Ve rm i l i on  County i n  t he  V e r m i l i o n  R i v e r  d ra inage  system (F ig .  1B). 

It i s  bordered by a  s t r i p  o f  r i p a r i a n  vege ta t i on  10-75 meters wide 

composed o f  a  m i x t u r e  o f  oak, maple, Osage orange, box e l d e r ,  b l ack  cher ry ,  

ash, hackberry,  b luegrass (B) pas tu re .  The major  l a n d  use i s  i n t e n s i v e  

a g r i c u l t u r e  w i t h  g r e a t e r  than  90% row crops.  S o i l s  i n  t h e  more l e v e l  

areas o f  t h e  watershed a r e  t h e  Ashkum-El l io t t -Andres and E l l i o t t - V a r n a  

assoc ia t i ons .  More r o l l  .ing and bottomland areas bo rde r i ng  t h e  c reek  a r e  

o f  t h e  Blount -More ly  and Howson-Strawn assoc ia t i ons .  The stream has 

moderately w e l l  developed poo ls  and r i f f l e s .  Because o f  t h e  smal l  

watershed s ize ,  t h e  stream i s  i n t e r m i t t e n t  d u r i n g  low f lows ,  when i t  forms 

a  s e r i e s  o f  i s o l a t e d  pools.  

Ernbarras R i  ve r  

The Embarras R i ve r  s tudy area i nc l udes  a  moderate ly  l a r g e  watershed 

(50-65 km2) l o c a t e d  i n  t h e  headwater of  t h e  Embarras R i v e r  dra inage (F ig .  IA). 
Land use i s  i n t e n s i v e  a g r i c u l t u r e  w i t h  g r e a t e r  than  90% co rn  and soybeans. 

S o i l  t ype  i n  t h e  watershed i s  predominant ly  o f  t h e  Drummer-Flanagan 

assoc ia t i on ,  a l though areas ad jacen t  t o  t h e  stream a r e  o f  t h e  Drunnner- 

Brenton-Elburn assoc ia t i on .  The stream has a  low g r a d i e n t  and i s  channel ized 

w i t h  p o o r l y  developed pools  and r i f f l e s .  C u l t i v a t i o n  i s  t o  t h e  stream 

edge a long most o f  i t s  leng th ,  except  i n  i s o l a t e d  areas where b luegrass 

pastures a r e  mainta ined o r  w i l l o w s  have co lon ized .  A p o i n t  i n p u t  o f  

rnunici pal  wastewater f rom Savoy, I 1  1  i n o i s  occurs i n  t h e  upper p o r t i o n  o f  

t h e  watershed. D a i l y  i n p u t s  averaged approx imate ly  430,000 l i t e r s  per  day 

u n t i l  January, 1979, when f l o w  was d i v e r t e d .  



SELECTION OF SAMPLE SITES 

General surveys were conducted i n  each watershed t o  i d e n t i f y  t h e  major 

p a t t e r n s  o f  l a n d  use, topography, and channel c o n d i t i o n s .  A t o t a l  o f  54 

s t a t i o n s  were l o c a t e d  throughout  t h e  s i x  watersheds. The number of  sample 

s t a t i o n s  per  watershed v a r i e d  f rom 7 t o  12, w i t h  s t a t i o n s  l o c a t e d  i n  bo th  

headwater and downstream areas and above and below p o i n t  i npu t s .  Appendix 

I prov ides  l o c a t i o n s  of s t a t i o n s  i n  each watershed. 



COLLECTION AND ANALYSIS 

OF WATER SAMPLES 

When cond i t i ons  permi t ted  , the  s i x  watersheds were sampled a t  monthly 

i n t e r v a l s  f o r  1-112 years from November 1977 through A p r i l  1979. The 

sampling per iod  covers t h e  summer and f a l l  o f  1978 and t h e  w i n t e r  and 

spr ing  o f  both 1978 and 1979. 

Sampl i n g  d u r i n g  runo f f  events was 1 i m i  ted t o  t h r e e  watersheds i n  c l o s e r  

p r o x i m i t y  t o  Champaign-Urbana : B i g  D i tch ,  Spoon River ,  and Jordan Creek. 

These streams a l s o  represented extremes o f  watershed cond i t i ons  i n c l u d i n g  

nearstrearr~ vegeta t ion  and channel morphology. 

Sampling p ro toco l s  d u r i n g  r u n o f f  events were designed t o  y i e l d  data a t  

several p o i n t s  a long the  hydrograph. As a r e s u l t ,  o n l y  a subset of t he  

s t a t i o n s  w i t h i n  each watershed could be sarnpled e f f e c t i v e l y  w i t h  t h e  

a v a i l a b l e  manpower. S i t e s  were se lec ted  from among the  54 s i t e s  sampled 

dur ing  base f lows based on d i s t r i b u t i o n  o f  c r i t i c a l  e ros i ve  areas w i t h i n  

t he  watershed, channel morphology, r i p a r i a n  cond i t i ons ,  and presence o r  

absence o f  p o i n t  inpu ts .  I n i t i a t i o n  o f  sampling always occurred w i t h i n  

one hour o f  i n i t i a t i o n  o f  sur face r u n o f f .  

Local weather broadcasts and weather radar  on a cab1 e t e l  e v i s i o n  s t a t i o n  

were rr~onitored t o  assess t h e  movement o f  f r o n t a l  systems over t h e  s tudy 

watershed. It was poss ib le  t o  be a t  watersheds e i t h e r  be fore  p r e c i p i t a t i o n  

s t a r t e d  o r  w i t h i n  45 minutes o f  i n i t i a t i o n  o f  r a i n f a l l .  Samples were 

c o l l e c t e d  a t  p rese lec ted  s t a t i o n s  u s u a l l y  on an hou r l y  basis  (except  i n  

B i g  D i t c h )  , a1 though sornetinies rnore f requen t l y .  B i g  D i t c h  samples were 

c o l l e c t e d  2, 6, and 13 hours i n t o  t h e  event because o f  i t s  l a r g e r  watershed 

s i z e  and slower change i n  water q u a l i t y  d u r i n g  r u n o f f  events. Sampling 

was most i n tense  d u r i n g  t h e  r i s i n g  p o r t i o n  o f  t h e  hydrograph, which was 

u s u a l l y  du r i ng  t h e  f i r s t  6-7 hours a f t e r  i n i t i a t i o n  o f  r u n o f f .  L im i ted  

sampling was done d u r i n g  the  receding hydrograph. Since no r a i n f a l l  gauges 

were present  w i t h i n  t h e  watersheds, we have used d a i l y  p r e c i p i t a t i o n  

records from t h e  nearest  weather s t a t i o n  t o  es t imate  amounts o f  r a i n f a l l .  



The weather s t a t i o n  records used were Rantoul f o r  B i g  D i tch ,  Rantoul and 

Urbana f o r  Spoon River,and Urbana and D a n v i l l e  f o r  Jordan Creek. 

A1 1 water samples were c o l l e c t e d  by a t t a c h i n g  a 1-1 i t e r  sample b o t t l e  

t o  a long  metal po le  and lower ing  i t  a t  a un i fo rm r a t e  t o  the bottom a t  

t he  center  of  t h e  stream. The b o t t l e  was i n s t a n t l y  reversed upon 

con tac t  w i t h  t he  bottom and r a i s e d  t o  t h e  siurface a t  a un i f o rm r a t e .  

Th is  technique f o l l o w s  standard Un i ted  States Geological  Survey procedures 

(Evans and Schnepper, 1977) and a1 lows sampling throughout the  water 

co l  umn. 

Samples were c h i l l e d  i n  an i c e  chest  between t h e  t ime o f  c o l l e c t i o n  

and f reez ing .  Samples were f rozen w i t h i n  2-6 hours o f  c o l l e c t i o n  and 

he ld  i n  a f reeze r  u n t i l  ana l ys i s .  A l l  chemical analyses were conducted 

a t  t h e  Water Q u a l i t y  Laboratory,  I l l i n o i s  Natura l  H i s t o r y  Survey. The 

fo l l ow ing  parameters were measured on a l l  samples: c o n d u c t i v i t y ,  d isso lved  

so l  i ds ,  hardness, t u r b i d i t y ,  t o t a l  phosphorus, so lub le  orthophosphorus, 

n i t r a t e ,  n i t r i t e ,  arr~monia and suspended s o l i d s .  Measurement o f  p a r t i c u l a t e  

phosphorus was based on the  d i f f e r e n c e  between t o t a l  and s o l u b l e  phosphorus 

and inc ludes  a v a r i e t y  o f  phosphorus forms (American Pub1 i c  Hea l th  

Associat ion,  1976). Procedure f o r  a n a l y s i s  o f  water samples a re  g iven  i n  

Appendix 11. 
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WATER QUALITY DURING BASE-FLOW CONDITIONS 

D e f i n i t i o n  o f  Seasons 

A major goal of base f low sampling was t o  evaluate seasonal di f ferences 
i n  water q u a l i t y .  Our hypothesis was t h a t  a l t e r a t i o n s  i n  r i p a r i a n  

vegetat ion have s i g n i f i c a n t  impacts on t h e  seasonal dynamics of water 

q u a l i t y .  Emphasis was placed on ana lyz ing  the  dynamics o f  suspended 

so l ids ,  t u r b i d i t y  and phosphorus. Four seasons were es tab l ished based on 

p e r i o d i c i t y  o f  b i o l o g i c a l  a c t i v i t y  and f l o w  cond i t i ons  observed dur ing  

the  sample per iod.  December through February was def ined as w in ter ,  w i t h  

March through mid-May def ined as Spring. Only a smal l  number o f  samples 

was obta ined i n  w i n t e r  due t o  i c e  cover. Furthermore, because o f  

s i m i l a r i t y  i n  water qual i ty between w in te r  and spr ing,  sarr~ples were 

combined i n t o  one w in te r - sp r ing  (WS) per iod.  This  represents a t ime o f  

wel l-maintained f lows w i t h  decreased pr imary product ion.  Mid-May through 

August was def ined as summer (S), a  per iod  o f  moderate t o  low-flow 

cond i t i ons  and the  per iod  o f  most in tense pr imary product ion, e s p e c i a l l y  

i n  areas where r i p a r i a n  vegetat ion had been removed. The fa1 1 (F) per iod  

extended from September through November. Dur ing t h i s  per iod  pr imary 

product ion decl ined as water temperatures decreased and f l o w  r a t e s  were 

genera l l y  low. I n  add i t ion ,  areas w i t h  r i p a r i a n  vegeta t ion  experienced 

h igh d e t r i t a l  ( l e a f )  inputs .  

Pool ing o f  Data 

Unless otherwise ind ica ted ,  a1 1 s t a t i s t i c a l  analyses r e f e r r e d  t o  i n  
t h i s  r e p o r t  a re  based on t - t e s t  comparisons o f  means o f  independent 

samples w i t h  a t w o - t a i l  ed hypothesis.  Where populat ions had unequal 

variances, t was based on a separate r a t h e r  than a pooled var iance 

est imate (N ie  e t  a1 . , 1975). 

Data were pooled by season f o r  each sample s i t e  on each stream. 

Pool ing across years was necessary f o r  t he  WS per iod.  Jordan Creek was 

the  on l y  stream w i t h  a l a r g e  number o f  WS samples from both 1978 and 

1979. No s i g n i f i c a n t  d i f f e rences  (P>.10) were detected f o r  water 

qual i t y  parameters between years. 



The p o s s i b i l i t y  o f  poo l ing  s t a t i o n s  w i t h i n  watersheds was a l so  

examined. Comparison w i t h i n  a  stream o f  s t a t i o n s  w i t h  s i m i l a r  r i p a r i a n  

cond i t ions  and no p o i n t  i npu ts  i nd i ca ted  no s i g n i f i c a n t  d i f f e r e n c e  (P>.05) 

i n  a l l  parameters over a l l  seasons. Furthermore, a  comparison between 

Region 1  o f  Jordan Creek and Spoon River ,  both areas w i thou t  r i p a r i a n  

vegetat ion o r  municipal inputs,  y i e l d e d  no s i g n i f i c a n t  d i f f e rence  (P>.10) 

across a l l  seasons f o r  a l l  parameters. Therefore, f o r  the  watersheds 

sampled, samples from areas w i t h  s i m i l a r  r i p a r i a n  h a b i t a t s  and no 

muncipal i npu ts  were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  Thus, they can be 

pooled both w i t h i n  and between streams f o r  ana lys i s  o f  seasonal trends. 

Because o f  t h e  major municipal i n p u t  i n  t he  upper reg ion  o f  B i g  D i t c h  

and the  Embarras R iver ,  s i g n i f i c a n t  (P<.01) d i f f e rences  among s t a t i o n s  

occurred w i t h i n  the  stream. Therefore, poo l ing  o f  samples between 

s t a t i o n s  was n o t  poss ib le  and analyses emphasized seasonal changes i n  

the  g rad ien t  o f  water q u a l i t y  downstream from t h e  municipal i npu t .  

Streams Without Po in t  Inputs  

Suspended Sol ids.  When areas w i thou t  p o i n t  i npu ts  a r e  compared, 

t he  e f f e c t  o f  r i p a r i a n  vegetat ion va r ies  w i t h  season. Suspended s o l i d  

concentrat ions a re  no t  s i g r ~ i f i c a n t l y  d i f f e r e n t  (P<. 05) du r ing  the  w in ter -  

sp r i ng  season (F ig .  8 )  independent o f  near-stream vegetat ion.  However, 

suspended s o l i d s  increase s i g n i f i c a n t l y  (P<.01) i n  t h e  summer i n  streams 

w i thou t  r i p a r i a n  vegetat ion (F ig .  8A). I n  cont ras t ,  suspended so l  i d s  

concentrat ions do n o t  change s i g n i f i c a n t l y  ( ~ > . 1 0 )  throughout t h e  year  

i n  areas t h a t  ma in ta in  f lows and are  bordered by r i p a r i a n  vegeta t ion  

(F ig .  80, 8C). Where r i p a r i a n  vegeta t ion  i s  present  bu t  f lows a r e  

i n t e r m i t t e n t ,  s i g n i f i c a n t  (P<. 01 ) increases i n  suspended sol  i d s  occur 

du r ing  summer bu t  a  s i g n i f i c a n t  (P<.01) decrease occurs when flow 

resumes i n  fa1 1  (F ig .  8D). 

Budgetary l i m i t a t i o n s  precluded sample ana lys i s  t o  evaluate the  

re1 a t i v e  con t r i bu t i ons  o f  organic and inorgan ic  f r a c t i o n s  t o  suspended 

sol  ids .  However, i n f o r n ~ a t i o r ~  i n  the  1  i t e r a t u r e  s t r o n g l y  suggests instream 

organic p roduct ion  i s the  pr imary source o f  e l  evated s'uspended so l  i d s  
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Figure 8. Frequency distribution of suspended solids concentrations in 

four different streams. A - Spoon River and Jordan Creek 

(SR + JC), Regions with no riparian vegetation. B - Jordan 

Creek (JC), Regions with riparian vegetation. C - Hurricane 

Creek ( H C ) .  D - Coll ison Creek ( C C )  . Seasons: WS - Winter - 
Spring; S - Summer; F - F a l l .  
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TURBIDITY (JTU)  

Figure 9. Frequency d i s t r i b u t i o n  of t u r b i d i t y  (Jackson T u r b i d i t y  U n i t s )  i n  four  d i f f e r e n t  streams. 

A - Spoon River  and Jordan Creek (SR + JC), Regions wi th  no r i p a r i a n  vegetat ion.  

B - Jordan Creakk (JC) ,  Regions w i t h  r i p a r i a n  vegetat ion.  C - Hurricane Creek (HC). 

D - Col l  ison Creek (CC). Seasons: WS - Winter - Spring; S - Summer; F - F a l l .  
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increases i n  t u r b i d i t y  i n  t h e  absence of increases i n  suspended s o l i d s  

occur du r ing  the  f a l l  i n  streams bordered by r i p a r i a n  vegetat ion,  

apparent ly  due t o  leach ing  of organics from l e a f  i npu ts .  The amount o f  

increase seems t o  be in f luenced by species composit ion o f  t h e  l e a f  

i npu ts  f rom r i p a r i a n  vegetat ion.  

Phosphorus. Analys is  o f  seasonal dynamics o f  phosphorus components 

shows a  s imi  1  a r  p a t t e r n  regard i  rlg t h e  ilnportance o f  inst ream product ion  

versus l e a f  i npu ts  (F ig .  10).  I n  winter-spr ing,  s i m i l a r  l e v e l s  of toha l  , 
p a r t i c u l a t e ,  and so lub le  phosphorus occur i n  streams (F ig .  10).  I n  summer, 

areas n o t  bordered by r i p a r i a n  vegeta t ion  experience s i g n i f i c a n t  (P<.01) 

increases i n  t o t a l  phosphorus, especia l  l y  t he  p a r t i c u l a t e  f r a c t i o n  (F ig .  10A). 

A  nea r l y  s i g n i f i c a n t  (P<.06) decrease i n  t o t a l  phosphorus occurs i n  f a l l ,  

again caused by changes i n  p a r t i c u l a t e  phosphorus (F ig.  10A). Areas 

bordered by r i p a r i a n  vegeta t ion  which a re  no t  i n t e r m i t t e n t  experience 

s i g n i f i c a n t  (P<.05) increases i n  t o t a l  and p a r t i c u l a t e  phosphorus i n  fa1 1  

(F ig.  10B, 10C) r a t h e r  than i n  summer. I n  areas w i t h  r i p a r i a n  vegeta t ion  

bu t  w i t h  i n t e r m i t t e n t  f low,  t o t a l  and p a r t i c u l  a te  phosphorus increase 

s i g n i f i c a n t l y  (P<.01) du r ing  t h e  summer ( F i g  10D). However, un l  i ke areas 

no t  bordered by r i p a r i a n  vegetat ion, no s i g n i f i c a n t  (P>. 10) decrease i n  

t u r b i d i t y  occurs i n  t he  fa1 1. 

Therefore, du r ing  base f l o w  condit ions i n  areas no t  impacted by rrra j o r  

p o i n t  sources o r  s e p t i c  inputs,  seasonal dynamics o f  phosphorus concent ra t ion  ' 

a re  t i e d  p r i m a r i l y  t o  seasonal dynamics o f  p a r t i c u l a t e  phosphorus (F ig .  10) .  

Peak phosphorus l e v e l s  i n  streams wi thout  r i p a r i a n  vegeta t ion  occur 

du r ing  summer per iods o f  e levated inst ream organic product ion.  Peak 

phosphorus l e v e l s  i n  streams w i t h  r i p a r i a n  vegeta t ion  and w e l l  maintained 

f lows occur du r ing  per iods o f  l e a f  i npu ts  i n  f a l l .  Streams bordered by 

r i p a r i a n  vegeta t ion  bu t  w i t h  i n t e r m i t t e n t  f l o w  have e levated phosphorus 

l e v e l s  du r ing  both summer and f a l l ,  apparent ly  due t o  e levated organic 

p roduct ion  dur ing  extreme low-f low cond i t i ons  and l e a f  i npu ts  i n  f a l l .  
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Streams w i t h  P o i n t  Inpu ts  

Irnpact of p o i n t  i n p u t s  on these pa t te rns  i s  i l l u s t r a t e d  by examining 

data from B i g  D i t c h  and t h e  Embarras R iver .  Three t h i n g s  must be kept  i n  

mind when examining these data: 

1. As i n  the  o t h e r  f o u r  watersheds, f l o w  i n  B i g  D i t c h  and t h e  

Embarras R ive r  decreased throughout t h e  summer and f a l l  o f  1978. 

However, u n l i k e  t h e  o ther  streams, B i g  D i t c h  and the  Embarras R iver  

received an average p o i n t  d ischarge o f  75 m i l  1  i o n  and 430,000 l i t e r s  o f  

wastewater per  day, respec t i ve l y .  Therefore t h e  ' f lows present  i n  

these streams were maintained by an i n p u t  o f  munic ipa l  wastewater. 

2. The watersheds o f  B ig  D i t c h  and t h e  Embarras R iver  a r e  tw i ce  as 

l a r g e  as the  Spoon River ,  t he  o t h e r  watershed w i t h o u t  r i p a r i a n  

vegetat ion.  Thus h igher  d ischarge should be considered as a  

v a r i a b l e  which may account f o r  some o f  t h e  d i f f e r e n c e s  independent 

o f  t h e  p o i n t  i npu t .  

3. L im i ted  rep1 i c a t i o n  o f  samples prevents s t a t i s t i c a l  ana l ys i s  o f  

pa t te rns .  However, consis tency o f  r e s u l t s  among streams suggests t h e  

pa t te rns  a r e  r e a l .  

Suspended Sol i d s .  Concentrat ions o f  suspended so l  i d s  i n  B ig  D i t c h  

and the  Embarras R ive r  vary as a  f u n c t i o n  o f  season and d is tance from the  

s i t e  o f  p o i n t  source i npu ts  (F ig .  11).  Winter-spr ing l e v e l s  a re  

r e l a t i v e l y  cons tan t  w i t h  a  tendency t o  increase i n  downstream s t a t i o n s  

where d ischarge and v e l o c i t y  a r e  g rea ter .  This  tendency i s  e s p e c i a l l y  

s t rong i n  B i g  D i t ch ,  the  l a r g e r  watershed w i t h  an increased g rad ien t  i n  

downstream areas. Winter-spr ing and summer concent ra t ions  o f  suspended 

so l  i d s  a r e  s imi  1  a r  i n  extreme upper and 1  ower reaches ( F i g  . 11 ) . Suln111er 

suspended s o l i d s  l e v e l s  a re  depressed near t h e  p o i n t  i n p u t .  However, 

they g radua l l y  inc rease below it, w i t h  peak l e v e l s  occu r r i ng  5-6 m i l es  

below the  p o i n t  i n p u t  r a t h e r  than f a r t h e r  downstream where d ischarge i s  

g rea tes t .  Th i s  mid-watershed peak i s  l i k e l y  due t o  orgart ic product ion,  

r a t h e r  than s t r i c t l y  hyd ro log i ca l  processes. 
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F igure  11. Seasonal v a r i a t i o n  i n  suspended s o l i d s  concent ra t ions  (mean + 1  SE) i n  B ig  D i t c h  and t h e  

Embarras River .  WS: Winter - Spring. S: Summer. F: F a l l .  P o s i t i o n  a long abcissa 

p ropo r t i ona l  t o  d i s tance  f rom S t a t i o n  1. Arrow i n d i c a t e s  l o c a t i o n  of p o i n t  i n p u t .  



T h i s  conc lus ion  i s  supported by t he  c l o s e  correspondence o f  these 

r e s u l t s  t o  a  c l a s s i c  s tudy  on p roduc t i on  of ben th i c  a lgae  below i n p u t s  

o f  mun ic ipa l  wastewater (Butcher,  1947). Butcher found a lgae  t o  be 

cons ide rab l y  reduced i n  c l o s e  p r o x i m i t y  t o  p o l l u t i o n  i n p u t s .  However, 

f rom t h e  p o i n t  o f  e n t r y ,  a lgae  increased g r a d u a l l y  and then suddenly, 

reach ing  a maximum 5-8 m i l e s  downstream. The a lgae  then decreased 

sharp ly .  T h i s  t r e n d  i s  apparen t l y  due t o  t o x i c  e f f e c t s  (perhaps c h l o r i n e )  

below t h e  p o i n t  i npu t ,  fo l lowed by a gradual u t i l i z a t i o n  o f  n u t r i e n t s  

u n t i  1  n u t r i e n t  d e p l e t i o n  occurs.  The p a t t e r n  observed f o r  suspended 

s o l i d s  d u r i n g  summer per iods  suggests t h a t  o rgan ic  m a t e r i a l  i n  t h e  water 

column a l s o  f o l l o w s  t h i s  pa t t e rn .  The lower  l e v e l s  o f  suspended s o l i d s  

downstream m igh t  a l s o  be due t o  increased d ischarges d i l u t i n g  a l g a l  

concen t ra t ions .  

I n  f a l l ,  low and r e l a t i v e l y  cons tan t  l e v e l s  o f  suspended s o l i d s  

occur  below t h e  p o i n t  i n p u t  (F ig .  11) .  B i g  D i t c h  d r i e d  up above t h e  

i n p u t ;  b u t  t h e  Embarras mainta ined f l ow ,  and t h e  da ta  f r om t h i s  stream 

c l e a r l y  i n d i c a t e  t h a t  t he  mun ic ipa l  i n p u t  depressed 1 evel  s  o f  suspended 

so l  i d s .  Low l e v e l s  below the  p o i n t  i n p u t  a r e  p robab ly  due t o :  ( 1 )  lower  

a l g a l  p roduc t i on  d u r i n g  f a l l  and ( 2 )  f l o w  d u r i n g  t h i s  p e r i o d  l a r g e l y  

be ing mainta ined by mun ic ipa l  i n p u t s  which have ext remely  low (10-20 ppm) 

1 evel  s  o f  suspended so l  i ds .  

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

v a r i a b l e .  Genera l ly ,  t u r b i d i t y  i s  low below s i t e s  o f  p o i n t  i npu t s ,  w i t h  

gradual increases downstream. The increases a r e  g r e a t e s t  d u r i n g  summer 

per iods  o f  b i o l o g i c a l  p roduc t i on  and l e a s t  d u r i n g  f a 1  1 pe r i ods  o f  low 

f l o w  and decreased o rgan ic  p roduc t ion .  The v a r i a b i l i t y  i n  these p a t t e r n s  

i s  presumably due t o  v a r i a t i o n  i n  t ype  and amount o f  organic  compounds 

be ing increased by t h e  mun ic ipa l  i n p u t .  

Phosphorus. Seasonal dynamics o f  phosphorus components i n  B ig  

D i t c h  and t h e  Embarras R i ve r  i l l u s t r a t e  how f l o w  c o n d i t i o n s  and b i o l o g i c a l  

processes i n t e r a c t  t o  r e g u l a t e  t h i s  water  qua1 i ty  parameter ( F i g .  12) .  



PHOSPHORUS ( m g l l )  



The p o i n t  i n p u t  increases both p a r t i c u l a t e  and so lub le  phosphorus. The 

increase i s  g rea ter  i n  B i g  D i t c h  across a l l  seasons due t o  i t s  l a r g e r  

municipal i npu t .  During w in ter -spr ing ,  both forms decrease below the  p o i n t  

input ;  the  so lub le  form p e r s i s t s  a t  h igher  concentrat ions than does 

p a r t i c u l a t e  u n t i l  low concentrat ions o f  each are  reached a t  downstream 

s ta t i ons .  Due t o  low f low i n  summer, bo th  forrns occur a t  h igher  

concentrat ions below the  input .  As one proceeds downstream, so lub le  phosphorus 

decreases r a p i d l y  whi 1 e p a r t i c u l a t e  remains a t  h igher  concentrat ions.  This  

c o r r e l a t e s  w i t h  the  p rev ious l y  discussed increases i n  organic product ion and 

suspended so l  i d s  i n  downstream s t a t i o n s  (F ig .  11 ) du r ing  summer per iods.  Due 

t o  extreme low f lows i n  f a l l ,  very h igh  concentrat ions o f  bo th  components 

occur below the  p o i n t  i n p u t  (F ig.  12).  However, so lub le  phosphorus p e r s i s t s  

as the  dominant form a t  h igh  concentrat ions even a t  downstream s t a t i o n s .  

P a r t i c u l a t e  phosphorus behaves much as i n  spr ing, w i t h  r a p i d  decreases and 

constant  l e v e l s  maintained throughout the  remainder o f  the  stream. 

I n  summary, even i n  watersheds w i t h  major point -source inputs ,  seasonal 

dynamics o f  suspended s o l i d s  and phosphorus components du r ing  base f l o w  are  

c o n t r o l l e d  by i n t e r a c t i o n s  between hydro log ica l  and b i o l o g i c a l  processes. I n  

summer increased organic product ion downstream from t h e  p o i n t  i n p u t  r e s u l t s  

i n  increased l e v e l s  of suspended so l i ds ,  t u r b i d i t y  and p a r t i c u l a t e  

phosphorus, w i t h  decreased l e v e l  s  o f  so lub le  phosphorus. Because o f  low 

f lows and decreased b i o l o g i c a l  product ion i n  f a l l ,  low l e v e l s  o f  suspended 

s o l i d s  b u t  h igh  l e v e l s  o f  so lub le  phosphorus occur below the  p o i n t  i npu t .  

High so lub le  l e v e l s  a re  maintained f a r t h e r  downstream due t o  low f lows and 

decreased b i o l o g i c a l  uptake. 

Surn~nary 

These r e s u l t s  support the  hypothesis t h a t  a l t e r a t i o n s  i n  r i p a r i a n  

vegetat ion s i g n i f i c a n t l y  s h i f t  seasonal dynamics o f  water qua1 i ty. They 

a lso  i l l u s t r a t e  the  importance o f  l i n k i n g  the  impact o f  these a l t e r a t i o n s  

on water q u a l i t y  t o  the  seasorla1 dynamics o f  t he  f l o w  regime i n  streams. 



Where r i p a r i a n  vege ta t i on  has been removed, i n t e r a c t i o n s  between 

b i o l o g i c a l  processes o f  ins t ream organ ic  p roduc t i on  and h y d r o l o g i c a l  

processes o f  seasonal ly  l ow  f l ows  i n t e r a c t  t o  determine t h e  seasonal 

dynamics o f  suspended s o l i d s ,  t u r b i d i t y ,  and p a r t i c u l a t e  phosphorus. 

Peak l e v e l s  o f  a l l  parameters a r e  reached d u r i n g  t h e  sutrlmer pe r i od  o f  

increased a l g a l  p roduc t ion  and decreased f low,  i n c r e a s i n g  t h e  concen t ra t i on  

o f  a lgae  i n  suspension (Swanson and Bachman, 1976). 

Streams w i t h o u t  r i p a r i a n  vege ta t i on  r e c e i v i n g  major  mun ic ipa l  

inpu ts ,  reach s i m i l a r  summer peaks, b u t  s p a t i a l  v a r i a b i l i t y  i s  increased 

as peaks a r e  s h i f t e d  downstream--probably because o f  t o x i c i t y  e f f e c t s .  

Temporal v a r i a b i l i t y  i s  a l s o  increased s i n c e  p o i n t  i n p u t s  low i n  suspended 

so l  i d s  b u t  h i g h  i n  s o l u b l e  phosphorus dominate f l ows  d u r i n g  low f l o w  

per iods  i n  f a l l  when ins t ream organ ic  p roduc t i on  i s  decreasing; as a  

r e s u l  t, s o l u b l e  phosphorus increases and suspended so l  i d s  1  evel  s  dec l  ine .  

Where r i p a r i a n  vege ta t i on  i s  mainta ined and f l o w s  a r e  n o t  i n t e r m i t t e n t ,  

i ns t ream organ ic  p roduc t i on  i s  l e s s  impo r tan t  i n  r e g u l a t i n g  wate r  q u a l i t y .  

Suspended so l  i d s  l e v e l s  remain r e l a t i v e l y  cons tan t  and peak l e v e l s  o f  

phosphorus and t u r b i d i t y  occur  d u r i n g  l e a f  i n p u t s  i n  f a l l .  I n t e r m i t t e n t  

f l o w  c o n d i t i o n s  i n  summer enhance t h e  i ~ n p o r t a r ~ c e  o f  ins t ream organ ic  

p roduc t i on  i n  c o n t r o l  1  i n g  suspended so l  i ds ,  t u r b i d i t y  and phosphorus l e v e l s ,  

even when r i p a r i a n  vege ta t i on  i s  maintained. 

It i s  impo r tan t  t o  p u t  these r e s u l t s  i n  t h e  c o n t e x t  o f  present  e f f o r t s  

t o  enhance t h e  water  q u a l i t y  and b i o l o g i c a l  i n t e g r i t y  o f  streams i n  

a g r i c u l t u r a l  watersheds. Attempts a t  deve lop ing  models f o r  p r e d i c t i n g  

l e v e l s  o f  suspended s o l i d s  over a  range o f  f l o w  c o n d i t i o n s  a r e  based a lmost  

e n t i r e l y  on h y d r o l o g i c a l  t heo ry  (Yang and S t a l l ,  1974, S t a l l  and Yang, 

1972). T h i s  t heo ry  p r e d i c t s  decreas ing concen t ra t i ons  o f  suspended so l  i d s  

as t he  p o t e n t i a l  energy o f  t h e  stream t r a n s p o r t i n g  these so l  i d s  decreases. 

P o t e n t i a l  energy i s  p r i m a r i l y  a  f u n c t i o n  o f  v e l o c i t y  o f  t h e  water and s lope 

of t he  streambed. The present  s tudy  suggests t h i s  theory  may n o t  be 

successfu l  a t  p r e d i c t i n g  1  evel  s  o f  suspended s o l  i d s  and r e l a t e d  po l  1  u t a n t s  

d u r i n g  low f l o w  cond i t i ons .  T h i s  f a i l u r e  w i l l  occur  where r i p a r i a n  



vege ta t i on  has been removed and ins t ream organ ic  p roduc t i on  i s  h igh .  The 

c o n t r a d i c t i o n  between our  r e s u l t s  and p r e d i c t i o n s  o f  h y d r o l o g i c a l  t heo ry  

i s  p robab ly  t h e  r e s u l t  o f  o rgan ic  ma t te r  i n  suspension n o t  f o l l o w i n g  t h e  

same phys i ca l  p r i n c i p l e s  as do i no rgan i c  r r la te r ia ls  on which most 

hyd ro log i ca l  theory  i s  based. Therefore,  e f f o r t s  t o  enhance water  q u a l i t y  

and model i t s  dynamics d u r i n g  base f l ows  i n  a g r i c u l t u r a l  watersheds should 

p lace  emphasis on l i n k i n g  hyd ro log i ca l  t heo ry  o f  t r a n s p o r t  o f  i no rgan i c  

m a t e r i a l  ( S t a l l  and Yang, 1972, Yang and S t a l l ,  1974) t o  t h e  b i o l o g i c a l  

theory  o f  p roduc t i on  and t r a n s p o r t  o f  o rgan ic  m a t e r i a l  (cummi ns, 1974, 

Swanson and Bachmann, 1976). 

I n  terms o f  b i o l o g i c a l  i n t e g r i t y  i n  a g r i c u l t u r a l  watersheds, our  

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

r i p a r i a n  vege ta t i on  i n  these smal l  headwater streams i s  t h e  major  component 

o f  t h e  watershed r e g u l a t i n g  t h e  seasonal dynamics and na tu re  o f  o rgan ic  

i n p u t  t o  t h e  stream. Where r i p a r i a n  vege ta t i on  i s  present ,  o rgan ic  i npu t s  

occur  d u r i n g  f a l l  as l e a f  i n p u t s  which a r e  processed throughout  t h e  

w i n t e r  (Cummi ns, 1974). Where r i p a r i a n  vege ta t i on  has been removed, 

o rgan ic  i n p u t s  occur  p r i m a r i l y  d u r i n g  summer i n  t h e  for r r~ o f  increased 

ben th i c  a l g a l  p roduc t ion .  Such s h i f t s  i n  o rgan ic  i n p u t s  a r e  r e f l e c t e d  i n  

t h e  water  q u a l i t y  parameters examined i n  t h i s  study. These s h i f t s  i n  bo th  

t h e  seasonal dynamics and na tu re  o f  o rgan ic  i n p u t s  s i g n i f i c a n t l y  degrade 

t he  b i o l o g i c a l  i n t e g r i t y  o f  h i ghe r  t r o p h i c  l e v e l s  i n  these strearrls (Ka r r  

and Dudley, 1978; Schlosser,  i n  prep. ) .  Therefore,  e f f o r t s  by resource  

managers t o  improve b i o l o g i c a l  i n t e g r i t y  i n  a g r i c u l t u r a l  watersheds must 

recognize t h e  r o l e  r i p a r i a n  vege ta t i on  p l ays  i n  r e g u l a t i n g  bo th  water  

q u a l i t y  and t h e  energy dynamics i n  stream ecosysterns. 



WATER QUALITY DURING RUNOFF EVENTS 

During per iods o f  in tense rainfall,water.accumulates on t h e  l and  

sur face more r a p i d l y  than i t  can i n f i l t r a t e  i n t o  t h e  s o i l  p r o f i l e .  As 

a r e s u l t ,  l a t e r a l  movement o f  water  over t h e  s o i l  sur face occurs w i t h  

t r a n s p o r t  of considerable vol~~rr les of s o i  1. When t h i s  s o i l  reaches stream 

charlrlel s and drainage di tches, i t  creates major sedirnent problems. 

Eros ion Mode l l ina  

The sca le  o f  t h e  eros ion  and sedimentat ion problem r e s u l t i n g  from 

sur face  runoff i n  a g r i c u l t u r a l  watersheds requ i res  mathematical models f o r  

i d e n t i f y i n g  rrlajor source areas o f  sedirnent and r e l a t e d  po l l u tan ts .  Th is  

has come t o  be i d e n t i f i e d  as t h e  " c r i t i c a l  areas" approach, s ince  i t s  main 

f u n c t i o n  i s  t o  l o c a t e  areas w i t h  p o t e n t i a l  f o r  excessive s o i l  l oss  so they. 

can rece ive  h ighes t  p r i o r i t y  i n  land  t reatment  programs. 

The most commonly used models a r e  based on t h e  Universal  S o i l  Loss 

Equat ion (USLE) ( M i l l e r  e t  a l . ,  1979). De ta i l ed  d iscuss ion  o f  t h e  use 

and misuse o f  t h e  U n i v e r s a l s o i l  Loss Equat ion i s  prov ided by Wischrr~eier 

and Smith (1965) arld Wischmeier (1975,1976). The equation, used t o  

p r e d i c t  average s o i l  l o s s  i n  tons per ac re  per  year,  i s  o f  t h e  f o l l o w i n g  

form: 

Each term i s  de f i ned  and discussed below. 

Computed S o i l  Loss (A) :  The average s o i l  l oss  i n  tons per  acre 

per  year  as computed f rom the  s i x  f a c t o r s  o f  t he  USLE. 

R a i n f a l l  Factor  (R): The number o f  eros ion- index u n i t s  i n  t he  average 

year  o f  r a i n .  An erosion- index u n i t  i s  a measure o f  e ros i ve  f o r c e  o f  

s p e c i f i c  r a i n f a l l ,  r e f l e c t i n g  combined e f f e c t s  o f  r a i n f a l l  impact t o  

d i s l odge  s o i l  p a r t i c l e s  and r u n o f f  t o  t r a n s p o r t  p a r t i c l e  s. 

So i l -Erod i  b i l  i t y  Factor  ( K )  : The suscept i  b i l  i t y  o f  s o i l  t o  eros ion.  

Since e rod i  b i l  i t y  va r i es  w i t h  slope, cover, management, and o the r  

fac to rs ,  i t  i s  essen t i a l  t h a t  e r o d i b i l ' i t y  be measured under c o n t r o l l e d  

cond i t i ons .  General ly,  i t  i s  expressed as a r e l a t i v e  va lue fo r  a 



s p e c i f i c  s o i l  i n  c u l t i v a t e d  cont inuous f a l l o w  on a  9% s lope  t h a t  

i s  22.1 meters (72.6 f e e t )  long. S o i l  c h a r a c t e r i s t i c s  which a f f ec t  

t he  K - fac to r  inc lude ,  among o thers ,  i n f i l t r a t i o n  r a t e ,  p e r m e a b i l i t y  

and t o t a l  water  h o l d i n g  capac i t y .  

Slope-Length Fac to r  ( L ) :  The r a t i o  of  s o i l  l o s s  f r om a  f i e l d  o f  any 

l e n g t h  t o  a  s tandard f i e l d  w i t h  a  l e n g t h  o f  22.1 meters (72.6 f e e t ) .  

S o i l  t ype  and g r a d i e n t  a r e  assumed t o  be cons tan t .  

Slope-Gradient Fac to r  (S) :  The r a t i o  o f  s o i l  l o s s  f rom t h e  f i e l d  

t o  t h a t  from a  9% slope, o t h e r  f a c t o r s  he ld  constant .  

Cropping Management Factor  (C): The r a t i o  o f  s o i l  l o s s  f rom l a n d  

cropped under s p e c i f i e d  c o n d i t i o n s  t o  corresponding 1  osses f rom 

t i l l e d ,  cont inuous f a l l o w  land.  T h i s  f a c t o r  a t tempts  t o  eva lua te  

combined e f f e c t s  of cover ,  c rop  sequence, and management p rac t i ces .  

Crop res idues  may be l e f t  on t he  sur face ,  removed, chopped, o r  

plowed under. Crops may be grown con t i nuous l y  o r  r o t a t e d  i n  var ious  

con~b ina t ions .  These and o the r  v a r i a t i o n s  i n  1  and management which 

change e ros ion  r a t e s  a r e  incorpora ted  i n t o  C. 

Eros ion-Contro l  P r a c t i c e  Fac to r  (P): The s o i l  l o s s  w i t h  a  s p e c i f i c  

p m o t i c e r e l a t i v e  t o  s o i l  l o s s  w i t h  s t r a i g h t - r o w  farming.  Up and 

down slope, con tour  t i 1  lage,  s t r i p c r o p p i n g  on t h e  con tour ,  t e r r a c e  

systems, and s t a b i l i z e d  waterways a r e  t h e  most impo r tan t  p r a c t i c e s  

i nvo l ved  i n  t h e  P  f a c t o r  o f  t h e  USLE. A number o f  p r a c t i c e s  such 

as improved t i l l a g e  regimes, sod-based r o t a t i o n s ,  and f e r t i l i t y  

t rea tment  c o n t r i b u t e  t o  e ros ion  c o n t r o l ,  b u t  these a r e  cons idered 

conserva t ion  c ropp ing  and management p r a c t i c e s  and are,  there fo re ,  

incorpora ted  i n  t h e  f a c t o r  C discussed above. 

Wi th  t h i s  equat ion, one can p r e d i c t  long- term average annual losses  

under s p e c i f i c  c ropp ing  c o n d i t i o n s  as w e l l  as how these losses  w i l l  be 

mod i f i ed  by implementat ion o f  a l t e r n a t e  e ros ion  c o n t r o l  p lans .  

I n  o rde r  t o  p r e d i c t  whe re l ' c r i t i ca l  e r o s i v e  areas" a r e  i n  t h e  watershed: 

a  reduced fo rm o f  t h e  equat ion  i s  used. Present models c a l c u l a t e  an RKLS 

fac to r  f o r  each s o i  1  u n i t  (Mi 11 e r  e t  a1 . , 1979). RKLS i s  t h e  p o t e n t i a l  

r a t e  o f  s o i l  e ros ion  o c c u r r i n g  f rom f i e l d s  kep t  i n  cont inuous f a l l o w  w i t h  no 



conserva t ion  p r a c t i  ce appl ied .  For  watersheds i n  c l o s e  geographica l  

p rox im i t y ,  such as those descr ibed  i n  t h i s  r e p o r t ,  t h e  r a i n f a l l  e ros ion  

index  (R) has i d e n t i c a l  va l  l ~ e s  (Wi schmeier and Smith, 1962). Therefore, 

KLS a lone  can serve as an i n d i c a t i o n  o f  e r o s i v e  p o t e n t i a l  of  a g i ven  s o i l  

t ype  on a s p e c i f i c  g r a d i e n t  and slope. 

E ros i ve  p o t e n t i a l  (EP) as measured by t h e  KLS f a c t o r  was determined 

f o r  t h e  B i g  D i t ch ,  Spoon R iver ,  and Jordan Creek watersheds. S o i l  maps o f  

t h e  watersheds were taken  f rom general  s o i l  surveys f o r  Champaign and 

Ve rm i l i on  Count ies publ ished by t h e  S o i l  Conservat ion Serv ice,  U. S. 

Department o f  A g r i c u l t u r e .  Soi 1 e rod i  b i  1 i t y  va lues (K) were ob ta ined  f rom 

Technica l  G u i l d  Sec t ion  11-A prepared by t h e  S o i l  Conservat ion Se rv i ce  (1977). 

Slope l e n g t h  ( L )  and g rad ien t  (S) were c a l c u l a t e d  f rom topographic  maps o f  

t h e  t h r e e  watersheds, where ( L )  i s  t h e  f i e l d  s l ope  l e n g t h  i n  f e e t  and (S) 

i s  t h e  g r a d i e n t  expressed as s l ope  percent .  Slopes were determined i n  each 

r e g i o n  o f  our  watersheds and LS measured severa l  t imes a long  t h e  w i d t h  o f  

each slope, I n  areas where ve ry  l i t t l e  s lope  was present ,  LS va lues were 

measured a t  i r r e g u l a r  i n t e r v a l s  on s lopes nea res t  t h e  stream. An LS fac to r  

was then  c a l c u l a t e d  accord ing  t o  t h e  equat ion  presented i n  Wischrneier and 

Smith (1962).  The LS f a c t o r  i s  t h e  expected r a t i o  o f  s o i l  l o s s  per  u n i t  

area on a f i e l d  s l ope  t o  corresponding losses  f rom t h e  bas ic  9% slope, 22.1 

meters (72.6 f e e t )  long,  KLS va lues were then used t o  c l a s s i f y  va r i ous  

p a r t s  o f  t h e  watershed i n t o  one o f  f i v e  e ros ion  p o t e n t i a l  (EP) ca tego r i es :  

ve ry  low, low, moderate, high, and very  h igh .  These ca tego r i es  were 

a r b i t r a r i l y  based on t h e  range o f  KLS va lues observed i n  t h e  watersheds 

s tud ied .  A t  t h i s  l e v e l  o f  d i s c r i m i n a t i o n  t h e  procedure i s  meant o n l y  t o  

g i v e  r e l a t i v e  e r o s i v e  p o t e n t i a l s  i n  general  areas o f  watersheds, r a t h e r  

than  f i e l d  o r  p l o t  s p e c i f i c  e ros ion  r a t e s .  Mean KLS va lues  and e ros ion  

p o t e n t i a l  (EP) ca tego r i es  f o r  each area o f  t he  Spoon R iver ,  B i g  D i t c h  and 

Jordan Creek watersheds a r e  g iven  i n  Appendix 111. 

Our o b j e c t i v e  i s  t o  determine i f  t h e  measure " e r o s i v e  p o t e n t i a l "  i s  

s u f f i c i e n t  t o  p r e d i c t  r e l a t i v e  suspended s o l i d s  concen t ra t ions  among areas 

w i t h  d i f f e r i n g  r i p a r i a n  vege ta t i on  and channel morphology. 



Spoon R i v e r  

Est imates of  e ros ion  p o t e n t i a l  (EP) i n  t h e  Spoon R i v e r  watershed 

(F ig .  13)  i n d i c a t e d  t h e  ex i s tence  o f  t h r e e  areas w i t h  major  d i f f e r e n c e s  

as p o t e n t i a l  sources of  sediment and r e l a t e d  p o l l u t a n t s .  The upper 

p o r t i o n  o f  t h e  watershed has a  moderate EP w h i l e  t h e  lower  p o r t i o n  has 

very  sha l low s lopes and low EP. The area w i t h  g r e a t e s t  EP, l oca ted  i n  

t h e  eas t - cen t ra l  p o r t i o n  o f  t h e  watershed, i s  d ra ined  by two man-made 

channels which t r a n s p o r t  r u n o f f  t o  t h e  main stream. Based on t h i s  

i n f o rma t i on ,  s i x  sample s t a t i o n s  were l oca ted  i n  t he  watershed. S t a t i o n  

1  i s  i n  t he  area w i t h  moderate Ep w h i l e  2  and 3  a r e  downstream i n  areas 

w i t h  lower  EP. S t a t i o n  4  i s  l o c a t e d  i n  an area o f  low EP b u t  below t h e  

ent rance o f  t h e  man-made channels t r a n s p o r t i n g  r u n o f f  f rom t h e  h i g h  EP 

area. S t a t i o n s  5  and 6 a r e  downstream o f  4  i n  low EP areas. The i n -  and 

near-stream c o n d i t i o n s  i n  t h e  Spoon R i ve r  were as f o l l o w s :  homogeneous 

channel w i t h  minimal pool  - r i f f l e  development, c u l t i v a t i o n  t o  t h e  stream 

edge, and channel banks we1 1  p ro tec ted  by sod. 

Two r u n o f f  events  were moni tored i n  t h i s  watershed. The f i r s t  

occurred on J u l y  13, 1978 when 2.5-5 cm (1-2 inches)  o f  r a i n  f e l l  i n  about 

1  hour. The second event  ( J u l y  30, 1979) produced approx imat ley 7.5 cm 

( 3  inches)  i n  two events over  a  3-hour per iod .  

Suspended s o l i d s .  Areas i d e n t i f i e d  by t he  model as hav ing h i g h  and 

moderate EP produced t h e  h i ghes t  suspended s o l  i d s  concen t ra t i ons  (F igs .  14, 

15) .  S t a t i o n s  i n  c l o s e  p r o x i m i t y  t o  e r o s i v e  areas (1  and 4 )  responded most 

r a p i d l y  and i n t e n s i v e l y .  T h e a r e a i d e n t i f i e d  by t h e  model as hav ing  

h i ghes t  e r o s i o n  p o t e n t i a l  ( S t a t i o n  4 )  produced t h e  h i g h e s t  concen t ra t i ons  o f  

suspended so l  i d s .  Suspended so l  i d s  peaked more s l o w l y  and a t  s u b s t a n t i a l l y  

lower  1  eve ls  i n  downstream areas w i t h  lower  EP. Apparent ly ,  h i g h  

concent ra t ions  i n  c r i t i c a l  areas a r e  d i l u t e d  as t hey  pass i n t o  l e s s  e r o s i v e  

p o r t i o n s  o f  t h e  watershed. Rate o f  inc rease  i n  suspended s o l i d s  was a l s o  a  

f u r ~ c t i o r ~  o f  t h e  s t a t i o n s ' p r o x i m i t y  t o  an e r o s i v e  area. Close p r o x i m i t y ,  as 

a t  S t a t i o n  1, r e s u l t e d  i n  immediate increases i n  suspended s o l i d s .  As shown 
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Figure 15. Suspended sol ids concentrations as a funct ion  o f  t ime since 

i n i t i a t i o n  o f  r a i n f a l l  f o r  s i x  stat ions i n  Spoon River ,  

July 30, 1979. 



by the  second event (F i g .  15),  more d i s t a n t l y  l oca ted  e r o s i v e  areas, such 

as those recorded a t  S t a t i o n  4, produced s lower  inc rease  i n  suspended 

s o l i d s  i n  the  main channel. Dual peaks i n  curves o f  s t a t i o n s  neares t  

c r i t i c a l  areas i n  t h e  1979 event  r e s u l t e d  f rom two b u r s t s  o f  r a i n f a l l  

i n i t i a t i n g  two pulses o f  r u n o f f .  Areas l oca ted  a  g rea te r  d i s t a n c e  f rom 

t h e  c r i t i c a l l y  e r o s i v e  p o r t i o n s  o f  t h e  watershed d i d  n o t  exper ience increases 

i n  suspended s o l i d s  assoc~iated w i t h  subsequent b u r s t s  o f  r a i n f a l l .  

T u r b i d i t y .  Because o f  equipment 1  i m i t a t i o n s ,  t u r b i d i t y  1  eve1 s  above 

500 JTU were n o t  measured f o r  t h e  f i r s t  event.  Changes i n  t u r b i d i t y  below 

500 JTU co inc ided  w i t h  changes i n  suspended s o l i d s  l e v e l s  d u r i n g  t h i s  event.  

T u r b i d i t y  was measured on a l l  samples d u r i n g  t h e  second event .  T u r b i d i t y  

f o l l owed  f l u c t u a t i o n s  i n  suspended s o l i d s  s i nce  t he  same m a t e r i a l  determines 

bo th  parameters d u r i n g  r u n o f f  per iods  (F ig .  16).  For a  g i ven  l e v e l  o f  

suspended s o l  ids ,  h i ghe r  t u r b i d i t y  i n d i c a t e s  t h a t  t h e  m a t e r i a l  i s  composed 

o f  sma l le r  p a r t i c l e s  s c a t t e r i n g  more l i g h t .  Thus, t h e  r a t i o  o f  suspended 

so l  i d s  t o  t u r b i d i t y  p rov ides  a  c o e f f i c i e n t  o f  f i neness  (CF) o f  t h e  

m a t e r i a l s  i n  suspension (Grassy, 1943). (Th i s  procedure i s  n o t  a p p l i c a b l e  

d u r i n g  base f l o w  c o n d i t i o n s  when o rgan ics  o f  low d e n s i t y  may determine 

t u r b i d i t y . )  C a l c u l a t i o n  o f  t h e  c o e f f i c i e n t  o f  f i neness  a t  peak suspended 

so l  i d s  l e v e l s  f o r  each s t a t i o n  y i e l d s  h i ghe r  c o e f f i c i e n t s  (P=. 05, Mann- 

Whitney U, o n e - t a i l e d  t e s t )  a t  s t a t i o n s  i n  c l o s e  p r o x i m i t y  t o  c r i t i c a l  

e ros i ve  areas ( S t a t i o n s  1, 4, and 5  w i t h  CF va lues o f  1.74, 1.62, and 1.70, . 

r e s p e c t i v e l y )  than  a t  s t a t i o n s  i n  l e s s  e ros i ve  areas ( S t a t i o n s  2, 3, and 6  

w i t h  va lues o f  1.31, 1.41, and 1.35, r e s p e c t i v e l y ) .  Thus, suspended s o l i d s  

d u r i n g  peak r u n o f f  per iods  a r e  composed o f  l a r g e r  p a r t i c l e s  i n  areas w i t h  

h i ghe r  e r o s i v e  p o t e n t i a l .  

Phosphorus. P a r t i c u l a t e  phosphorus f o l l o w s  p a t t e r n s  s i m i l a r  t o  

suspended s o l  i d s  (F ig .  17, 18). Concentrat ions a t  s t a t i o n s  i n  c l o s e s t  

p r o x i m i t y  t o  c r i t i c a l  areas inc rease  most r a p i d l y  and reach h ighe r  l e v e l s .  

However, t h e  area i d e n t i f i e d  as having t h e  g r e a t e s t  e ros ion  p o t e n t i a l  (Sta.  4 ) ,  

does n o t  peak a t  h i g h e r  l e v e l s  than t h e  area o f  moderate p o t e n t i a l  (Sta.  I ) ,  

i n d i c a t i n g  some d i f f e rences  i n  t h e  na tu re  o f  t h e  suspended s o l i d s  e a r l y  i n  
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Figure 17. P a r t i c u l a t e  phosphorus concentrat ions a s  a  funct ion  of 

t ime s i n c e  i n i t i a t i o n  of r a i n f a l l  a t  s i x  s t a t i o n s  i n  

Spoon River, Ju ly  13,  1978. 
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Figure  18. P a r t i c u l a t e  phosphorus concent ra t ions  as a f u n c t i o n  of 

t ime s ince  i n i t i a t i o n  o f  r a i n f a l l  f o r  s i x  Spoon R ive r  

sample s t a t i o n s ,  J u l y  30, 1979. 



t he  hydrograph. Because t h e  two areas have t h e  same s o i l  types and 

land use, s o i l s  i n  the  most c r i t i c a l l y  e ros i ve  area (Sta. 4)  may be 

" n u t r i e n t  depleted"  due t o  more f requen t  r u n o f f  events, o r  in-channel 

processes may be causing these d i f f e rences .  Sept ic  i n p u t s  do occur 

above S t a t i o n  1 b u t  n o t  above 4. F lush ing  o f  o rgan ic  rnater ia l  produced 

w i t h i n  t h e  channel i n  v i c i n i t y  o f  these i npu ts  may be the  reason f o r  t h e  

e levated phosphorus l e v e l s  a t  t h i s  s t a t i o n ,  e s p e c i a l l y  d u r i n g  summer 

per iods l i k e  those observed 1978 when low f l o w  cond i t i ons  p e r s i s t e d  

f o r  some t ime be fore  t h e  r u n o f f  event.  

Soluble orthophosphate concent ra t ions  do no t  f o l l o w  t h e  same 

temporal dynamics as suspended s o l i d s ,  t u r b i d i t y ,  and p a r t i c u l a t e  phosphorus. 

S ta t i ons  i n  c l o s e s t  p r o x i m i t y  t o  c r i t i c a l l y  e ros i ve  areas undergo r a p i d  

increases associated w i t h  the pe r i od  o f  i n tense  sur face  r u n o f f  (F ig .  19).  

The magnitude and d e c l i n e  o f  t h i s  e a r l y  peak appears d i r e c t l y  r e l a t e d  t o  

i n t e n s i t y  and cessat ion  o f  sur face  r u n o f f .  These s t a t i o n s  then undergo a 

second increase l a t e r  i n  t he  event. S ta t i ons  loca ted  f a r t h e r  downstream 

from major e ros i ve  areas (3 and 6 )  undergo a d i f f e r e n t  response. Here 

the re  i s  a delayed and gradual increase i n  so lub le  orthophosphate w i t h o u t  

an e a r l y  peak associated w i t h  sur face  r u n o f f .  

Two a l t e r n a t i v e  explanat ions can be proposed f o r  t h i s  secondary 

increase i n  so lub le  orthophosphate. They may be due t o  subsurface i npu ts  

o r  t o  re lease of s o l u b l e  phosphorus from suspended sediments. Genera l ly ,  

subsurface i npu ts  of so lub le  phosphorus a r e  o f  minor importance except 

where s e p t i c  contaminat ion o f  t i l e  i npu ts  i s  common (Lake and Morr ison, 

1977). The minimal importance o f  s e p t i c  i n p u t s  i n  t he  watersheds 

examined, and the  g e n e r a l i t y  o f  t he  secondary increase observed, suggests 

t h a t  subsurface i npu ts  a re  probably n o t  t he  pr imary cause. Rather i t  

probably  invo lves  re1  ease o f  phosphorus f rom suspended sediments. Such 

re leases have been documented (Sommers e t  a1 . , 1975) b u t  they  i n v o l v e  

complex i n t e r a c t i o n s  between temperature, a e r a t i o n  and turbulence,  and 

r e l a t i v e  abundance o f  o rgan ic  and inorgan ic  phosphorus. 



HOURS 

Figure  19. So lub le  orthophosphate concent ra t ions  du r i ng  two runof f  

events as a f u n c t i o n  o f  t ime s ince  i n i t i a t i o n  o f  r a i n f a l l  

f o r  s i x  s t a t i o n s  i n  Spoon River .  



B i g  D i t c h  

B i g  D i t c h  was sampled d u r i n g  orle rrlajor r u n o f f  event  i n  1979, t o  

determine t h e  g e n e r a l i t y  o f  t h e  Spoon R i ve r  r e s u l t s  i n  a  watershed w i t h  

a  major  p o i n t  i n p u t .  E ros ion  p o t e n t i a l  i s  ve ry  h i g h  i n  two areas o f  t he  

B i g  D i t c h  watershed (F ig .  20): t h e  no r the rn  p o r t i o n ,  which has i t s  

g rea tes t  irnpact or1 S t a t i o n s  1, 2  and 3  and t h e  southeast  w i t h  major  

impact on S t a t i o n s  7  and 8. High EP e x i s t s  i n  t h e  southwestern a rea  of 

t h e  watershed ( S t a t i o n s  9  and 10) .  As i n  Spoon R iver ,  t h e  stream channel 

i n  B i g  D i t c h  i s  uniform, w i t h  minimal p o o l - r i f f l e  development, c u l t i v a t i o n  

t o  t h e  strearr~ edge, and channel banks w e l l  p ro tec ted  by sod. The main 

p o i n t  i n p u t  i n  t h e  stream occurs j u s t  above S t a t i o n  2. A l l  10 s t a t i o n s  

were sampled d u r i n g  t h e  event  o f  A p r i l  11, 1979 when approx imate ly  2.5 cm 

(1  i n c h )  o f  r a i n  f e l l  over  a  2-3 hour pe r i od  on sa tu ra ted  ground. The 

strearrl was sampled t h e  n i g h t  be fo re  t h e  r u n o f f  event  and 2, 6, and 13 hours 

i n t o  t h e  event.  

Suspended s o l i d s ,  t u r b i d i t y ,  and p a r t i c u l a t e  phosphorus r e s u l t s  show 

p a t t e r n s  s i m i l a r  t o  Spoon R i ve r  (F i g .  21 ) .  Dur ing  base f low,  concen t ra t ions  

a r e  cons tan t  throughout  t h e  stream w i t h  no s i g n i f i c a n t  impact o f  t h e  p o i n t  

i n p u t .  Two hours i n t o  t h e  hydrograph, subareas o f  t h e  watershed respond a t  

d i f f e r e n t  r a t e s  and i n t e n s i t i e s .  S t a t i o n s  i n  c l o s e  p r o x i m i t y  t o  major 

e r o s i v e  areas (1, 2, 3, 8 and 9 )  peak r a p i d l y  and i n t e n s i v e l y ,  w h i l e  

s t a t i o n s  more d i s t a n t  (4, 5  and 6 )  undergo a  s lower  and l e s s  i n t e n s i v e  

inc rease  i n  suspended s o l  ids ,  t u r b i d i t y ,  and p a r t i c u l a t e  phosphorus. S i x  

hours a f t e r  i n i t i a t i o n  of  t h e  event,  s t a t i o n s  i n  t h e  v i c i n i t y  o f  h i ghes t  EP 

have s i n i  1  a r  concer l t ra t ions o f  these parameters. S t a t i o n s  l oca ted  i n  t h e  

c e n t r a l  p o r t i o n  of t h e  watershed, where e r o s i v e  p o t e n t i a l  i s  low, have 

e leva ted  b u t  s u b s t a n t i a l l y  lower  l e v e l s  o f  suspended s o l i d s ,  t u r b i d i t y ,  and 

p a r t i c u l a t e  phosphorus. By 13 hours i n t o  t h e  event,  t h e  hydrograph i s  

reced ing  w i t h  low and r e l a t i v e l y  cons tan t  1  eve l  s  upstream b u t  e l eva ted  1  evel  s  

o f  suspended s o l i d s ,  t u r b i d i t y  and p a r t i c u l a t e  phosphorus downstream. 

Sol ub l  e  orthophosphate (PO4) shows d i f f e r e n t  temporal dynamics (F ig .  22).  

Dur ing base f l ows  s o l u b l e  orthophosphates a r e  e leva ted  be1 ow t h e  p o i n t  i n p u t .  
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I n i t i a t i o n  o f  su r f ace  r u n o f f  d i l u t e s  concen t ra t i on  i n  t h e  v i c i n i t y  o f  t h e  

p o i n t  i n p u t  b u t  r e s u l t s  i n  e leva ted  l e v e l s  throughout  t he  remainder o f  

t he  stream. As t he  event proceeds, t h e  concen t ra t i on  o f  s o l u b l e  

orthophosphate con t inues  t o  r i s e .  D i s t i n c t  peaks assoc ia ted  w i t h  sur face  

r u n o f f  and delayed peaks l a t e r  i n  t h e  event, l i k e  those i n  Spoon R iver ,  

were n o t  observed i n  B i g  D i t ch ,  probably  because o f  t h e  l e s s  i n tense  

temporal sampl i r ~ g  scheme. 

These r e s u l t s  f rom Spoon R i ve r  and B i g  D i t c h  i n d i c a t e  t h a t  i n  r e l a t i v e l y  

s imple systems w i t h  honiogeneous channel cond i t i ons ,  EP i n  t he  watershed i s  

an accura te  p r e d i c t o r  o f  s p a t i a l  p a t t e r n s  o f  suspended s o l i d s ,  t u r b i d i t y  and 

p a r t i c u l a t e  phosphorus l e v e l s .  The nex t  s t ep  i n  t e s t i n g  t h e  hypothes is  i s  

t o  lliove t o  a  co l~ ip lex system where d i f f e r e n c e s  i n  r i p a r i a n  vege ta t i on  and 

channel morphology occur  i n  t h e  watershed. 

Jordan Creek 

Jordan Creek v a r i e s  i n  channel morphology and r i p a r i a n  vege ta t i on  and 

thus i s  an i d e a l  l o c a t i o n  f o r  e v a l u a t i n g  t h e  inipact o f  these f a c t o r s  on water 

q u a l i t y  p r e d i c t i o n s  based on e ros ion  p o t e n t i a l .  Four niajor r eg ions  o f  t h i s  

watershed can be d i s t i n g u i s h e d  based on e ros ion  p o t e n t i a l  and channel 

c h a r a c t e r i s t i c s  ( F i g .  23, Table 1 ) .  The t e r r e s t r i a l  p o r t i o n  o f  Region 1  

i s  cha rac te r i zed  by i n t e n s i v e l y  t i l e d  f l a t  topography o f  ve ry  low EP w i t h  

c u l t i v a t i o n  t o  t h e  streani edge, The low g r a d i e n t  channel i s  un i f o rm  w i t h  

no poo ls  o r  r i f f l e s  and uns tab le  s i l t - s a n d  subs t ra tes .  Region 2  i s  

cha rac te r i zed  by moderate ly  r o l l  i n g  topography w i t h  low t o  nioderate EP. An 

8- to-1 0  meter-wide s t r i p  o f  n i i  xed woody and herbaceous vege ta t i on  borders 

t h e  stream. The low g r a d i e n t  channel has p o o r l y  developed poo ls  and 

r i f f l e s  w i t h  s i l t ,  sand, and g rave l  subs t ra tes .  Region 3  has low EP, 

i s01  a ted  patches o f  nea rs t rean~  vege ta t ion ,  and a  un i form,  1  ow-gradient 

channel w i t h  a  s i l t - s a n d  subs t ra te .  I t  rece i ves  urban r u n o f f  f roni  a  slnall  

town, Fairmount (popu la t ion ,  750 ) .  Region 4  has r o l l i n g  topography and 

h i g h l y  e r o d i b l e  s o i l s  r e s u l t i n g  i n  t he  h i ghes t  e ros ion  p o t e n t i a l  i n  t h e  

watershed. A  b e l t  o f  mature f o r e s t  10-400 meters wide borders t h i s  h i g h  

g r a d i e n t  channel w i t h  we1 1  developed pools  and r i f f l e s .  Channel subs t ra tes  

a r e  do~ninated by sand, g rave l ,  and rock .  The r o l l i n g  na tu re  o f  Region I V  

i n  colnbi n a t i o n  w i t h  land-use p a t t e r n s  has r e s u l t e d  i n  ~ n a j o r  g u l l  i e s  through 
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the  r i p a r i a n  vegetat ion.  I n  c o n t r a s t  t o  t he  v a r i a b l e  r i p a r i a n  environments 

among t h e  regions,  a l l  areas have g rea te r  than 80% o f  t h e i r  area i n  i n tens i ve  

row crops. Four sample s i t e s  (F ig.  23) were sampled r o u t i n e l y  d u r i n g  3  

r u n o f f  events. Samples were c o l  l e c t e d  a t  hou r l y  i n t e r v a l s  du r i ng  i nc reas ing  
hydrographs and i r r e g u l a r l y  d u r i n g  decreasing hydrographs. 

The smal les t  r a i n f a l l  event occurred on March 28, 1979 when l e s s  than 

1.25 cm (0.5 i nch )  o f  r a i n  f e l l  i n  1  hour. L i t t l e  a g r i c u l t u r a l  r u n o f f  was 

observed d u r i n g  t h i s  event f o r  Regions 1  and 2, apparent ly  due t o  t h e  low 

i n t e n s i t y  r a i n f a l l  i n  combinat ion w i t h  l e v e l  topography. As a  r e s u l t ,  

suspended s o l i d s  concentrat ions i n  these reg ions  were cons tan t  throughout 

the  sample pe r i od  (F ig.  24). 

Suspended so l  i d s  concent ra t ions  increased most r a p i d l y  and reached 

the  h ighes t  l e v e l s  i n  Region 3, an area w i t h  low EP (F ig .  24). Very l i t t l e  

a g r i c u l t u r a l  r uno f f  was observed i n  Region 3  due t o  t he  r e l a t i v e l y  l e v e l  

topography. Urban r u n o f f  f rom Fairmount seems t o  be respons ib le  f o r  t he  

increased hydrograph i n  t h i s  region.  L im i ted  sampling o f  t h i s  urban r u n o f f  

(see p. 58) suggests i t  was r e l a t i v e l y  low i n  suspended s o l i d s .  Thus, h igh  

suspended s o l i d s  concentrat ions i n  t h i s  area a re  apparent ly  de r i ved  f rom a  

combinat ion o f  urban i npu ts  and scour o f  t h e  uns tab le  s i l  t-sand substrates 

o f  t h e  channel. 

Region 4  was the  o n l y  p o r t i o n  o f  t he  watershed where s i g n f i c a n t  

a g r i c u l t u r a l  r u n o f f  wasobserveddur ing t h e  event. The r o l l i n g  topography 

and h igh  s o i l  e r o d i b i l i t y  r e s u l t e d  i n  sur face  r u n o f f  and eros ion .  Surface 

r u n o f f  c a r r y i n g  sediment was e n t e r i n g  the  stream channel v i a  wel l -developed 

g u l l  i e s  c u t  through the  r i p a r i a n  vegetat ion.  Therefore, the  e levated l e v e l s  

o f  suspended s o l i d s  observed i n  Region 4  (F ig .  24) a r e  due t o  t he  r o l l i n g  

topography and h igher  e r o d i b i l i t y  o f  t h i s  p o r t i o n  o f  the  watershed r a t h e r  

than t o  sediment t r a n s p o r t  f rom Region 3. 

T u r b i d i t y  l e v e l s  show pa t te rns  s i m i l a r  t o  those o f  suspended s o l i d s  

(F ig .  24). Only Regions 3  and 4  showed major  t u r b i d i t y  increases.  Region 3  

peaked more r a p i d l y  and i n t e n s i v e l y  than Region 4  e a r l y  i n  t h e  hydrograph. 
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The u n i f o r m  channel o f  Region 3 y i e l d e d  a p a r t i c l e  s i z e  d i s t r i b u t i o n  w i t h  

l a r g e r  p a r t i c l e  s i z e  ( i nc rease  CF) than t h a t  i n  meandering channel w i t h  

poo ls  and r i f f l e s  i n  Region 4 (F ig .  24).  The h ighe r  p o t e n t i a l  energy o f  

t h e  u n i f o r m  channel under i n te rmed ia te  f l o w  c o n d i t i o n s  ( S t a l l  and Yang, 1976) 

i s  p robab ly  r espons ib l e  f o r  t h i s  p a t t e r n .  L a t e r  i n  t h e  hydrograph, p a r t i c l e  

s i z e  (as i n d i c a t e d  by CF) decreases i n  Region 3 and bo th  reg ions  have 

s i r n i l a r  p a r t i c l e  s izes .  P a r t i c u l a t e  phosphorus concen t ra t i ons  d i d  n o t  

c o n s i s t e n t l y  f o l l o w  those o f  suspended s o l i d s  (F ig .  25) .  I n  Regions 1 and 

2 p a r t i c u l a t e  phosphorus remained a t  low l e v e l s  because t h e r e  was ve ry  

l i t t l e  su r f ace  r u n o f f .  Region 3 p a r t i c u l a t e  phosphorus concen t ra t i ons  

increased sha rp l y  when suspended so l  i d s  s h i f t e d  f r om l a r g e r  t o  smal l  e r  

p a r t i c l e s ,  probably  because o f  t h e  g r e a t e r  su r f ace  area f o r  phosphorus 

at tachment.  Region 4 p a r t i c u l a t e  phosphorus l e v e l s  increased o n l y  s l i g h t l y  

( F i g .  25), even though t h e r e  was a s i g n i f i c a n t  inc rease  i n  suspended s o l i d s  

(F ig .  24). Thus, f o r  s i m i l a r  suspended so l  i d s  concen t ra t ions ,  p a r t i c u l a t e  

phosphorus l e v e l s  a r e  s u b s t a n t i a l l y  h i ghe r  i n  Region 3 than i n  Region 4. 

These d i f f e r e n c e s  rnay be due t o  t h e  u rban  i n p u t  o r  t o  i n h e r e n t  d i f f e r e n c e s  

i n  t he  n u t r i e n t  c h a r a c t e r i s t i c s  o f  t h e  s o i l  assoc ia t i ons  i n  t h e  two reg ions  

(see s tudy area d e s c r i  p t i o n )  . Phosphorus-suspended so l  i d s  d i f f e r e n c e s  a1 so 

s u b s t a n t i a t e  t h e  e a r l i e r  suggest ion t h a t  water  q u a l i t y  i n  Region 4 i s  

somewhat independent o f  Region 3 and i s  n o t  mere ly  a  f u n c t i o n  o f  i n p u t s  

f rom Region 3. 

So lub le  orthophosphates i n  Region 1 and 2 remained a t  cons tan t  and 

low l e v e l s  (c .02 ppm). So lub le  orthophosphates i n  Regions 3 and 4 increased 

i n  para1 1 e l  w i t h  p a r t i c u l a t e  phosphorus (F ig .  25) .  The o n l y  s u b s t a n t i a l  

d i f f e r e n c e  i s  t h e s l o w e r d e c l i n e  i n  Region 3. Th i s  s low d e c l i n e  i s  

probably  due t o  t h e  s e p t i c  system i n  Fairmount be ing  l i n k e d  w i t h  t h e  

storrn wate r  system, so t h a t  s o l u b l e  orthophosphate con t inues  t o  be f l ushed  

f rom t h e  s e p t i c  system. 

A second r u n o f f  event  occurred on J u l y  25, 1979, when 5 cm ( 2  i n . )  of 

r a i n  f e l l  on r e l a t i v e l y  d r y  ground (1.25 cm o f  r a i n  over  t he  p rev ious  3 

weeks). R a i n f a l l  l a s t e d  about 1  hour.  As i n  t h e  smal l  event  j u s t  discussed, 

suspended so l  i d s  i n  Region 1 and 2 d i d  n o t  i nc rease  s u b s t a n t i a l l y  ( F i g .  26).  
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Peak l e v e l s  i n  Regions 1 and 2 were 122 and 218, respec t i ve l y .  Only small 

amounts o f  surface runoff  occurred i n  the  areas due t o  l e v e l  topography, 
d ry  antecedent cond i t ions ,  and w e l l  developed ground cover. 

Suspended s o l i d s  i n  Region 3 increased sharp ly  t o  over 3,000 pprn, 

then dec l ined sharply .  (By comparison, the  peak i n  the  e a r l i e r  small 

event was about 450 ppm. ) Recal l  t h a t  Region 3 has low EP. As 

p rev ious l y  suggested, we be l i eve  these h igh  l e v e l s  o f  suspended s o l i d s  

are der ived from in-channel scour r a t h e r  than s t r i c t l y  sur face o r  urban 

r u n o f f .  Because of t ime l i m i t a t i o n s  due t o  sampling the  o the r  s ta t i ons ,  

i t  was n o t  poss ib le  t o  sample urban i npu ts  throughout t h e  event. 

However, t o  c l a r i f y  the  causes o f  t he  observed pat te rns ,  we c o l l e c t e d  

one sample f rom each o f  the  urban i npu ts  approximately 3 hours i n t o  the  

hydrograph and made observat ions on f l o w  cond i t i ons  above the  urban 

inputs .  The downstream urban i n p u t  (F ig .  23) had a suspended so l  i d s  

concent ra t ion  o f  96 ppm. The upper urban i n p u t  which was damaged and 

received some surface runo f f ,  had suspended s o l i d s  cor lcentrat ions o f  

280 ppm. Water samples taken from the  o u t f l o w  o f  t h i s  reg ion  j u s t  p r i o r  

t o  and a f t e r  these samples had suspended s o l i d s  l e v e l s  o f  896 and 772 ppm. 

Observations on f l o w  condi t io r ls  above and below the  rr~ost upstream urban 

i n p u t  i n d i c a t e  f l o w  above the  i n p u t  was n o t  e levated and was s i m i l a r  t o  

those i n  Regions 1 and 2. I n  t he  v i c i n i t y  o f  the  urban i n p u t  some f l o w  

was a c t u a l l y  going upstream because the  channel could no t  c a r r y  the  

r u n o f f  away as f a s t  as i t  was en te r i ng  frorrl the  urban area. 

We f u l l y  acknowledge the  l i m i t a t i o n s  o f  our  urban sampling, b u t  we 

a l s o  f e e l  t h a t  these data and observat ions suggest t he  increased 

d ischarge i n  t h i s  reg ion  i s  due t o  urban r a t h e r  than a g r i c u l t u r a l  

r u n o f f .  They a l so  suggest t h a t  much o f  t h e  suspended s o l i d s  a r e  being 

der ived from scour o f  unstable, in-channel substrates r a t h e r  than 

s t r i c t l y  urban inputs .  



Analys is  of these two events suggests t he  f o l l o w i n g  conclus ions f o r  

small storms o r  f o r  in tense storms occu r r i ng  a f t e r  a  d r y  per iod  when 

c rop  cover i s  adequate: 

1. Only r o l l  i n g  areas o f  t he  watershed w i t h  r e l a t i v e l y  h igh  EP 

have s i g n f i c a n t  e ros ion  and sur face  runof f .  Th i s  i s  i nd i ca ted  by 

the  data from Regions 1, 2, and 4. 

2. Even if r i p a r i a n  vegeta t ion  i s  present  i n  r o l l i n g  reg ions  

w i t h  h igh  EP, d i s e q u i l  i b r i u m  on t h e  l and  sur face  can c u t  g u l l  i e s  

through t h e  vegeta t ion  from t h e  land  t o  t h e  stream. Th is  prevents 

t h e  r i p a r i a n  vegeta t ion  f rom ach iev ing  i t s  f u l l  p o t e n t i a l  f o r  

reducing sediment t r a n s p o r t  t o  t h e  aquat ic  system i n  these regions.  

3. Level upland areas do n o t  experience subs tan t i a l  changes i n  

water  qua1 i t y  (see r e s u l t s  f rom Regions 1 and 2) . 
4. Under c e r t a i n  cond i t i ons  h igh  l e v e l s  o f  suspended s o l i d s  and 

r e l a t e d  p o l l u t a n t s  can occur du r i ng  t h i s  c l a s s  o f  s torm events. I n  

areas (Region 3) where urban r u n o f f  i s  in t roduced i n t o  a channel 

w i t h  uns tab le  ( f i n e )  subs t ra tes  and h i g h  p o t e n t i a l  energy (due t o  

c r e a t i o n  of a  uni form channel and removal o f  r i p a r i a n  vegeta t ion) ,  

h igh  l e v e l s  of suspended so l  i d s  and r e l a t e d  p o l l u t a n t s  can occur.  

I n  t h i s  s i t u a t i o n ,  in-channel scour and suspended so l  i d s  i n  t he  

urban i npu t ,  r a t h e r  than EP i n  t he  watershed, a r e  t h e  pr imary 

determinants o f  water  q u a l i t y .  

These c o r ~ c l u s i o r ~ s  suggest t h e  g rea tes t  impact o f  r i p a r i a n  vegeta t ion  

on water q u a l i t y  dur ing  r u n o f f  events w i l l  probably occur  i n  r e l a t i v e l y  

l e v e l  upland areas where g u l l y  fo rmat ion  i s  n o t  common. They a l s o  

suggest t h a t  i n  a d d i t i o n  t o  r e t a r d i n g  f l o w  o f  water f rom the  l and  t o  

t h e  stream, a major impact o f  r i p a r i a n  vegeta t ion  on water q u a l i t y  w i l l  

be a f u n c t i o n  o f  how t h e  vegeta t ion  i n t e r a c t s  w i t h  channel morphology 

t o  determine the  p o t e n t i a l  energy o f  t h e  stream t o  c a r r y  sediment, once 

the  sur face  r u n o f f  i s  i n  t h e  channel. 

To document such impacts o f  r i p a r i a n  vegeta t ion  and channel 

morphology, we monitored a r a i n f a l l  event  i n  which the re  was s i g n i f i c a n t  



sur face r u n o f f  throughout t he  watershed. On March 3, 1979, a moderately 

in tense storrr~ dropped 2.5 cm ( 1  i n .  ) o f  r a i n  i n  a two-hour storm 

per iod  on unfrozen ground sa tura ted  frorn snow mel t .  Only small patches 

o f  snow were s t i l l  present  i n  t h e  watershed and no i c e  o r  snow was i n  

t he  channel. A l l  reg ions  o f  t h e  watershed produced subs tan t i a l  sur face 

r u n o f f  du r i ng  t h i s  storm. However, water q u a l i t y  d i d  no t  vary  s o l e l y  as 

a f u n c t i o n  of e ros ion  p o t e n t i a l  i n  t h e  watershed. It was more a f u n c t i o n  

o f  i n t e r a c t i o n s  between watershed ( l and  sur face)  and in-channel processes. 

Suspended s o l i d s  increased a b r u p t l y  i n  Regions 1 and 3 where nearstream 

vegeta t ion  had been removed and a un i f o rm channel was present  (F ig .  27). 

The sharp, e a r l y  r i s e  i n  Region 3 i s  due t o  stormwater i n p u t  f rom urban 

areas and sur face r u n o f f  f rom a g r i c u l t u r a l  f i e l d s .  Region 1 increases 

nex t  rnost r a p i d l y  even though i t s  EP i s  l e s s  than the  EP o f  e i t h e r  

Region 2 o r  4. The absence o f  r i p a r i a n  vegeta t ion  i n  Regions 1 and 3 

al lowed r a p i d  t r a n s p o r t  o f  r u n o f f  f rom a g r i c u l t u r a l  areas t o  t he  stream 

(F ig .  28). Both regions bordered by r i p a r i a n  vegeta t ion  ( 2  and 4)  had 

slower increases i n  suspended s o l i d s .  O f  these two areas, the reg ion  

w i t h  t he  more r o l l i n g  topography ( 4 )  experiences the  most r a p i d  increase 

i n  suspended s o l i d s .  Rate o f  increase i n  suspended s o l i d s  i s  s lowest i n  

Region 2 where r i p a r i a n  vegeta t ion  r e s u l t e d  i n  slower re lease  o f  water t o  

t he  stream and some sediment depos i t i on  was observed (F ig .  28). 

I n  a d d i t i o n  t o  v a r i a t i o n  i n  r a t e  o f  increase, peak l e v e l s  o f  

suspended s o l i d s  vary i n  magnitude and t i m i n g  among the  regions.  The 

h ighes t  concent ra t ion  (928 ppm) occurred i n  Region 4 where e ros ion  

p o t e n t i a l  i n  the  watershed and stream g rad ien t  a r e  h ighes t .  Regions 1 

and 3 peak a t  lower l e v e l s  (879 vs. 809 ppm, r e s p e c t i v e l y )  w i t h  

d i f f e r e n t  temporal dynamics. Region 3 peaks e a r l y  i n  the  event 

associated w i t h  the  most in tense pe r i od  o f  sur face and stormwater 

r u n o f f .  Suspended s o l i d s  i n  Region 1 increase t o  a p o i n t  and remain 

r e l a t i v e l y  constant  a t  a  l e v e l  cons i s ten t  w i t h  t he  very  low eros ion  

p o t e n t i a l  i n  t h i s  region.  However, i n  Region 1, a  secondary increase i n  

suspended s o l i d s  occurs 4 t o  6 hours i n t o  t he  event. Discharge increased 
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Suspended s o l i d s  concentrat ions, t u r b i d i t y  l eve ls ,  and 

c o e f f i c i e n t  o f  f ineness as a  func t i on  o f  t ime s ince 

i n i t i a t i o n  o f  r a i n f a l l  a t  4 sample s t a t i o n s  i n  Jordan 

Creek, March 3, 1979. 



Figure 28. Top Photo - Runoff i n  Region 1  du r ing  March 3, 1979 

event i n d i c a t i n g  r a p i d  and unimpeded t r a n s p o r t  o f  r u n o f f  

when r i p a r i a n  vegeta t ion  i s  absent. 

Lower Photo - Because o f  slower re lease of r u n o f f  t o  t he  

stream channel i n  Region 2 du r ing  the  same event, sediment 

depos i t ion  occurred a1 ong the  r i p a r i a n  vegetat ion.  
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composit ion of t h e  p a r t i c l e s  i n  suspension. Ca l cu la t i ons  o f  coe f f i cen ts  

of f ineness f o r  t h e r e g i o n s  (F ig .  27) i n d i c a t e  h igher  values, i .e . ,  l a r g e r  

p a r t i c l e  s i zes  f o r  t h e  h igh-grad ien t  p o o l - r i f f l e  stream. Increased 

p a r t i c l e  s i zes  a r e  p r e d i c t a b l e  i n  h igh-grad ien t  areas when p o o l - r i f f l e  

development does n o t  reduce the  p o t e n t i a l  energy o f  t h e  channel under 

h igh- f low cond i t i ons  ( S t a l l  and Yang, 1974). In te rmed ia te  CF values 

occur i n  t he  low-gradient ,  channel ized areas (Regions 1  and 3) and lowest  

values occur i n  t h e  low-gradient ,  unchannelized stream bordered by 

vegeta t ion  (Region 2) .  Th is  rank ing  o f  c o e f f i c i e n t s  o f  f ineness i s  i n  

agreement w i t h  t h e  rank ing  o f  peak suspended s o l i d s  l e v e l s .  Th is  suggests 

t h a t  p o t e n t i a l  energy o f  t he  stream, r a t h e r  then e ros ion  p o t e n t i a l  i n  t h e  

watershed, may be the  pr imary determinant  o f  suspended s o l i d s  l e v e l s  and 

p a r t i c l e  s i z e  d u r i n g  in tense r u n o f f  events when e r o d i b l e  subs t ra tes  a re  

r e a d i l y  a v a i l a b l e  i n  t h e  stream bed o r  bank. The p o t e n t i a l  energy i s  

determined by f l o w  cond i t ions ,  g rad ien t ,  p o o l - r i f f l e ,  and meander 

c h a r a c t e r i s t i c s  as w e l l  as roughness of t he  channel per imeter  (Yang and 

S t a l l  , 1974). 

P a r t i c u l a t e  phosphorus d i f f e rences  (F ig .  29) f o r  Regions 1, 2, and 

3  a r e  a  f u n c t i o n  of suspended so l  i d s  l e v e l s .  Region 1, though lowest  i n  

e ros ion  p o t e n t i a l ,  has the  h ighes t  p a r t i c u l a t e  phosphorus concentrat ion.  

Even though Region 4  has t h e  h ighes t  l e v e l s  o f  suspended s o l i d s ,  i t s  

p a r t i c u l a t e  phosphorus l e v e l s  a r e  q u i t e  low, suggest ing some d i f f e r e n c e  

i n  t h e  na ture  o f  i t s  sediment load.  As suggested e a r l i e r ,  these 

d i f f e rences  may r e f l e c t  i nhe ren t  n u t r i e n t  d i f f e r e n c e s  i n  s o i l s  l oca ted  i n  

Region 1, 3, and 4  (see d e s c r i p t i o n  o f  s tudy area) .  O r  they may be r e l a t e d  

t o  t h e  p a r t i c l e  s i zes  t ranspor ted  i n  these regions.  

I n  a l l  reg ions  so lub le  orthophosphate increases throughout t h e  event 

(F ig .  29). Rapid i n i t i a l  increases occur i n  assoc ia t i on  w i t h  sur face  

r u n o f f .  These increases a r e  most r a p i d  and in tense i n  Region 1. Major 

increases i n  so lub le  phosphorus occur 4  t o  8 hours i n t o  t h e  event i n  

areas n o t  bordered by nearstrearn vegetat ion.  Areas bordered by 

vegeta t ion  experience more gradual increases du r i ng  t h i s  per iod .  t l i  ghest 

concentrat ions were c o n s i s t e n t l y  found i n  Region 1. 
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Surr~mary 

A simple model based on the  Universal  S o i l  Loss Equation accu ra te l y  

p red ic ted  s p a t i a l  pa t te rns  o f  suspended so l  ids ,  t u r b i d i t y  , and phosphorus 

l e v e l s  i n  watersheds w i t h  a  un i fo rm channel ized stream, we l l -p ro tec ted  

stream banks, and c u l t i v a t i o n  t o  the  stream edge. I n  a  watershed where 

heterogenei ty  i n  r i p a r i a n  vegeta t ion  and channel morphology ex is ted ,  t he  

model was n o t  an accurate p red i c to r .  Furthermore, the  a b i l i t y  t o  make 

such p r e d i c t i o n s  i n  t h i s  k ind  o f  watershed va r ies  w i t h  t h e  magnitude o f  

r u n o f f  event. Rate o f  response o f  such a  watershed was f a s t e r  i n  areas 

l ack ing  i n  r i p a r i a n  vegetat ion, regardless o f  e ros ion  p o t e n t i a l .  I n t e n s i t y  

o f  response was g rea te r  than pred ic ted  i n  areas where unstable ( f i n e )  

substrates occurred and where p o t e n t i a l  energy o f  t he  stream was h igh  due 

t o  removal o f  nearstream vegeta t ion  and c r e a t i o n  o f  a  un i fo rm s t r a i g h t  

channel. Timing o f  the  peak l e v e l  o f  response i n  these areas seemed 

r e l a t e d  t o  major  f lushes o f  discharge due t o  delayed a d d i t i o n  o f  sur face 

and/or subsurface inputs  o r  r a p i d  urban drainage. 

These resu l  t s  suggest t h a t  water qua1 i t y  i n  a g r i c u l  t u r a l  watersheds 

du r ing  r u n o f f  events i s  p r i m a r i l y  governed by hydro log ica l  processes, 

w h i l e  b i o l o g i c a l  processes a r e  l i m i t e d  t o  determin ing i n c i p i e n t  cond i t ions .  

The hydro log ica l  proceses i n v o l v e  complex i n t e r a c t i o n s  between watershed 

topography, channel morphology and equ i l i b r i um,  hyd ro log i ca l  impacts o f  

r i p a r i a n  vegetat ion,  and magnitude o f  t h e  r u n o f f  event. Ne i ther  model l ing 

e f f o r t s  t o  p r e d i c t  water q u a l i t y ,  nor  management e f f o r t s  t o  enhance water 

resources, w i l l  be w ide ly  appl i c a b l e  o r  successful  i f  they a r e  based s o l e l y  

on eros ive  p o t e n t i a l  i n  the  watershed and ignore  near- and in-channel 

processes. 
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CONCLUSIONS 

Resu l ts  from t h i s s t u d y  show t h a t  t h e  r e l a t i v e  importance o f  va r i ous  

processes r e g u l a t i n g  water  q u a l i t y  i n  headwater streams o f  a g r i c u l t u r a l  

watersheds changes depending on season and t ype  o f  f l o w  c o n d i t i o n s  

considered. Dur ing  base f l ows  , seasonal dynarr~ics o f  water  qual  i ty  

parameters examined were determined by i n t e r a c t i o n s  between b i o l o g i c a l  

processes o f  bo th  ins t ream and r i p a r i a n  o rgan i c  p roduc t i on  and hyd ro log i ca l  

processes o f  seasona l l y  low f lows .  Dur ing  r u n o f f  events,  hyd ro log i ca l  

processes i n  bo th  t h e  watershed and channel determined water  qual  i ty, 

w i t h  channel processes becoming i n c r e a s i n g l y  impo r tan t  d u r i n g  i n t e n s e  

r u n o f f  events.  

These observa t ions  suggest t h a t  t h e  r e l e v a n t  t h e o r y  f o r  enhancement 

o f  water  resources and model 1  i ng wate r  qual  i ty  i n  a g r i c u l  t u r a l  watersheds 

w i l l  va ry  depending on f l o w  cond i t i ons .  Dur ing  base f low,  emphasis should 

be p laced on l i n k i n g  t h e  hyd ro log i ca l  t heo ry  o f  t r a n s p o r t  o f  i no rgan i c  

r r ~ a t e r i a l  ( S t a l l  and Yang, 1972, Yang and S t a l l ,  1974) t o  t h e  b i o l o g i c a l  

t heo ry  o f  p roduc t i on  and t r a n s p o r t  o f  o rgan i c  m a t e r i a l s  (Cummi ns , 1974, 

Swanson and Bachmann, 1976). Dur ing  r u n o f f  events,  emphasis should be 

placed on l i n k i n g  t h e  a g r i c u l t u r a l  t heo ry  o f  e ros ion  p r e d i c i t o n  

(Wischrneier and Smith, 1962) t o  t h e  geornorphological t heo ry  o f  s t ream 

e q u i l  i b r i u m  and sediment t r a n s p o r t  (Leopold e t  a1 . , 1964). Such 

i n t e r d i s c i p l i n a r y  l i nkages  should p rov ide  resource management dec i s i ons  

which w i l l  have t h e  g r e a t e s t  chance o f  success and broadest  range of 

appl  i c a b i l  i t y .  
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Appendix I. Locat ions of water  sample s i t e s  on t h e  s i x  study watersheds 

B ig  D i t c h  

S t a t i o n  Locat ion  

Spoon R ive r  
S t a t i o n  

SE corner ,  SW 114, Sec. 22, T 22 N, R 9 E, Champaign Co. 
SW corner ,  NW 114. Sec. 27, T 22 N, R 9 E, Champaign Co. 

S side, SW 114, Sec. 29, T 22 N, R 8 E, Champaign Co. 

NE corner,  NE 114, Sec. 1, T 22 N, R 8 E, Champaign Co. 

SW corner,  SW 114, Sec. 1, T 22 M,  R 8 E, Champaign Co. 

SW corner,  SW 114, Sec. 2, T 22 N, R 8 E, Champaign Co. 

SW corner,  SW 114, Sec. 3, T 22 N, R 8 E, Champaign Co. 

S s i d e ,  SW 114, Sec. 9, T 2 2 N ,  R 7  E, ChampaignCo. 

SW corner,  SW 114, Sec. 17, T 22 N, R 7 E, Champaign Co. 

E s ide,  NE 1/4, Sec. 25, T 21 N, R 7 E, Champaign Co. 

Locat ion  

1 SW corner,  SW 1/4, Sec. 12, T 22 N, R 10 E, Champaign Co. 

2 SW corner,  SW 114, Sec. 13, T 2.2 N, R 10  E, Champaign Co. 

3 E side, NE 114, Sec. 23, T 21 N, R 10 E, Champaign Co. 

4 S s i d e ,  SW114,Sec. 2 3 , T 2 1  N, R l O E ,  ChampaignCo. 

5 N s i d e ,  NW 114, Sec. 35, T 2 1  N, R l O E ,  ChampaignCo. 

6 4 side, SE 114, Sec. 35, T 21 N, R 10 E, Champaign Co. 

7 SW corner,  SE 114, Sec. 1 , T 21 N,  R 10 E, Champaign Co. 

8 S side, SE 114, Sec. 12, T 21 N, R 10 E, Champaign Co. 

9 SE corner,  SW 114, Sec. 13, T 21 N ,  R 10 E, Champaign Co. 

Embarras R ive r  

S t a t i o n  Locat ion  

SW corner ,  NE 114, Sec. 29, T 19 N, R 8 E, Champaign Co. 

S s i d e ,  SE1/4,Sec.  3 0 , T 1 9 N , R 8 E , C h a m p a i g n C o .  

E s i d e ,  SE114, Sec. 3 1 , T 1 9 N ,  R 8 E ,  ChampaignCo. 

S s ide,  SW 1/4, Sec. 5, T 19 N, R 8 E, Champaign Co. 

S s i d e ,  SW114, Sec. 1 7 , T 1 9 N ,  R 8 E ,  ChampaignCo. 

SW corner ,  SE 114, Sec. 20, T 18 N, R 8 E, Champaign Co. 

S s i d e ,  SE114, Sec. 2 9 , T 1 8 N ,  R 8 E ,  ChampaignCo. 

SW center ,  SE 114, Sec. 32, T 18 N, R 8 E, Champaign Co. 



Appendix I .  Conti  nued 

Jordan Creek 

S t a t i o n  Locat ion  

1 E s i d e ,  NE114,Sec. 2 7 , T 1 8 N ,  R 1 3 W , V e r m i l i o n C o .  

2 NW corner,  NW 114, Sec. 15, T 19 N, R 13 W, Vermi l ion  Co. 

3 SE corner,  SW 114, Sec. 9, T 19 N, R 13 W, Vermi l ion  Co. 

NE corner, NE 1/4, Sec. 8, T 19 N, R 13 W, Vermi l ion  Co. 

NW corner,  NW 114, Sec. 4, T 19 N, R 13 W, Vermi l ion  Co. 

SW corner, SE 114, Sec. 33, T 19 N, R 13 W, Vermi l ion  Co. 

E s ide  SW 114, Sec. 33, T 19 N, R 13 W, Vermi l ion  Co. 

NE corner, NE 114, Sec. 33, T 19 N, R 13 W, Vermi l ion  Co. 

SW corner,  SW 114, Sec. 27, T 19 N, R 13 W, Vermi l ion  Co. 

S s ide,  NE 114, Sec. 27, T 19 N, R 13 W, Vermi l ion  Co. 

NW corner,  SW 114, Sec. 26, T 19 N, R 13 W, Vermi l ion  Co. 

N s i d e ,  SW1/4,Sec. 2 6 , T 1 9 N ,  R 1 3 W ,  Ve rm i l i onCo .  

Co l l  i son Creek 

S t a t i o n  Locat ion  

1 Ws ide ,  NW1/4,Sec. 3 , T 2 1  N , R 1 4 W , V e r m i l i o n C o .  

2 S side, NE 114, Sec. 3, T 21 N, R 13 W, Vermi l ion  Co. 

3 SW corner ,  SW 114, Sec. 2, T 21 N, R 13 W, Vermi l ion  Co. 

4 SW corner,  SW 114, Sec. 35, T 21 N, R 13 W, Vermi l ion  Co. 

5 W center ,  SW 1/4, Sec. 35, T 21 N, R 13 W, Vermi l ion  Co. 

6 E center ,  SW 1/4, Sec. 35, T 21 N, R 13 W, Vermi l ion  Co. 

7 Ws ide ,  SW 114, Sec. 3 6 , T Z l  N, R 1 3 W , V e r m i l i o n C o .  

8 N s i d e ,  SW 114, Sec. 36, T 2 1  N, R 1 3 W ,  Vermi l ion  Co. 
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Hurr icane Creek 

S t a t i o n  Locat ion  

1 NW corner, SW 114, Sec. 15, T 12 N, R 9 E, Coles County 

2 SW corner,  NW 114, Sec. 23, T 11 N, R 10 E, Coles County 

3 SW corner,  SW 114, Sec. 22, T 11 N, R 9 E, Coles County 

4 SE corner,  SW 114, Sec. 28, T 11 N, R 9 E, Cumberland Co. 

5 Ws ide ,  SW1/4, Sec. 3 3 , T 1 1  N, R 9 E ,  CumberlandCo. 

6 SW corner,  SW 114, Sec. 5, T 11 N, R 9 E, Cumberland Co. 

7 W s ide, SW 114, Sec. 18, T 11 N, R 9 E, Cumberland Co. 



Appendix 11. Procedures used f o r  ana l ys i s  o f  water  samples 

S p e c i f i c  Conductance (vmho/cm) : YSI Model SCT meter 

To ta l  Dissolved I o n i z a b l e  Sol i d s  (mgl l  NaC1) : By c a l c u l a t i o n  from s p e c i f i c  conductance t a b l e  

Hardness (mgl l  CaC03) : EDTA c o l  o r i m e t r i c  method (autoanalyzer)  2  

T u r b i d i t y  (JTU) : Moni t e k  model 150 t u r b i d i m e t e r  

For Turb id i ty>500 Jackson candle t u r b i d i m e t e r  

To ta l  Phosphorus (mgl l  P) : Ascorbic Ac id  Reduction method (autoanalyzer)  2  

So lub le  Orthophosphate (mg/l P )  : Ascorb ic  Acid method ( autoanalyzer)  132 

N i t r a t e  (mgl l  N) : Cadmium reduc t i on  method (autoanalyzer)  
192 

N i t r i t e  (mgl l  N) : D i a z o t i z a t i o n  method (autoanalyzer)  132 

Ammonia (mgl l  N):  Ber thelot  r e a c t i o n  method ( a ~ t o a n a l ~ z e r ) ~  

Suspended Sol i d s  (mgl l  ) : Dry a t  180' C, Gelman Type A Glass F i b e r  F i  1 t e r  1  

l ~ m e r i c a n  Pub1 i c  Hea l th  Associat ion,  American Water Works Associat ion,  and Water 

Pol 1  u t i o n  Contro l  Federat ion. 1976. Standard Methods fo r  Examinat ion of Mater  and 

Wastewater, 14 th  ed. Washington D. C. 1193 pp. 

'11. S. Environmental P ro tec t i on  Agency. 1974. Methods f o r  chemical ana l ys i s  of water and 

wastes, 2nd ed. Rept. No. EPA-62516-74-003. Washington, D. C .  298 pp. 

3~e thodo logy  Fornul ated by Technicon Corporat ion, Tarrytown, New York. 



Appendix 111. KLS values (mean I 1 S.E.) and eros ion  p o t e n t i a l  (EP) 

category f o r  each eros ion  area i d e n t i f i e d  i n  Spoon River ,  B i g  D i t c h  

and Jordan Creek. - 
Stream - X -- KLS ! 1 -- S.E. 

Spoon R iver  
\I 

B i g  D i t c h  
$1 

Jordan Creek 
11 

Moderate 

High 

Low 

Very High 

Very High 

High 

Low 

Very Low 

Moderate 

Low 

Very High 




