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1.0 SUMMARY 

This  r e p o r t  descr ibes the r e s u l t s  o f  severa l  i n t e g r a t e d  p r o j e c t s  
designed t o  f u r t h e r  otir understanding o f  the sources and magnitude o f  
f l u v i a l  sediment de r i ved  from a g r i c u l t u r a l  lands and d e l i v e r e d  t o  the 
Canadian Great Lakes. A g r i c u l t u r a l  reg ions w i t h  h i g h  p o t e n t i a l  sheet  
e ros ion  losses were i n t e n s i v e l y  farmed w i t h  h i g h  percentages o f  row crops 
(beans, corn,  h o r t i c u l t u r a l  c rops ) .  R a i n f a l l  induced s o i l  e r o s i o n  losses 
showed cons iderab le  year  t o  year  v a r i a t i o n s  and are  n o t  e q u a l l y  d i s t r i b u t e d  
tttrotignout any g iven year .  W in te r  so i  1 e r o s i o n  losses assoc ia ted  w i t h  
snowmelt events  can account f o r  up t o  25% o f  t h e  t o t a l  annual s o i l  loss.  

Suspended sediment y i e l d s  for  a g r i c u l t u r a l  reg ions i n  southern On ta r io  
ranged f rom < lo0  kg /ha /y r  t o  1000 kg/ha/yr .  I n  these a g r i c u l t u r a l  reg ions ,  
c rop land  i s  the dominant (70-100%) source o f  f l u v i a l  sediments w i t h  
streambank and channel e ros ion  represent ing  a minor  (0-30%) source. 
Suspended sediments o r i g i n a t i n g  from a g r i c u l t u r a l  land are  predominant ly  
(75%) t ranspor ted  i n  the  months o f  February, March and A p r i l .  

A suspended sediment d e l i v e r y  r a t i o  curve developed f o r  Canadian 
a g r i c u l t u r a l  watersheds was lower ( ~ 1 0 % )  than a s i m i l a r  curve developed by 
t h e  S o i l  Conservat ion Serv ice  i n  the  U.S.A.  D e l i v e r y  r a t i o s  were a l s o  
computed on a month ly  b a s i s  w i t h  d e l i v e r y  r a t i o s  i n  excess of  100% i n  t h e  
s p r i n g  months and below 5% i n  the  summer months. 

Three p r e d i c t i o n  models have been used ( w i t h  some success) t o  es t imate  
s t ream sediment loads i n  a g r i c u l t u r a l  watersheds. A regress ion  model 
( R 2 =  .71) has been e s t a b l i s h e d  t o  p r e d i c t  stream sediment loads i n  
a g r i c u l t u r a l  watersheds where t h e  % row crops and % c l a y  i n  the  s o i l  sur face  
are  knanln. 

A c t i v e  sediment c o n t r i b u t i n g  areas i n  t h e  a g r i c u l t u r a l  watersheds 
s t u d i e d  have been found t o  be dynamic and represent  <15% of  t h e  t o t a l  
watershed area.  Maximum sediment c o n t r i b u t i n g  areas have been observed 
i n  the  l a t e  w i n t e r  and s p r i n g  months. 

The use o f  s i m u l a t i o n  techniques t o  assess the u t i l i t y  o f  severa l  
remedial measures t o  reduce so i  1 e ros ion  have revea led  t h a t  p o t e n t i a l  s o i l  
loss reduc t i ons  o f  up t o  75% can be achieved w i t h  conserva t i on  measures 
app 1 i ed t o  sedi  men t sou rce  a reas. 
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Ext rapo la t ion  of sediment loading r a t e s  from the r e p r e s e n t a t i v e  
a g r i c u l t u r a l  reg ions  of southern  Ontar io  to a l l  a g r i c u l t u r a l  land i n  
southern  Ontar io  g ives  an average annual a g r i c u l t u r a l  loading r a t e  
o f  2 15 kg/ha/yr .  
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2.0 INTRODUCTION TO REPORT 

This  f i n a l  r e p o r t  combines the  r e s u l t s  o f  t he  f o l l o w i n g  s tudy p r o j e c t s  
undertaken under PLUARG Task Group C (Canadian Sec t ion)  - A c t i v i t y  1 :  

P r o j e c t  16: E ros iona l  losses f rom a g r i c u l t u r a l  lands; 

P r o j e c t  S7: Sediment de 

and i ntegr;t ion 
a g r i c u ?  t u r a  
G re a t La ke s 

i v e r y  r a t i o s  i n  smal l  a g r i c u l t u r a l  watershed; 

o f  s tud ies  dea l i ng  w i t h  o r  r e l a t e d  t o  
l y  der i ved  sediments i n  the  Canadian 
Drainage Basin ( P r o j e c t s  #2A, 6 A ,  7, 

1 5 ,  16, 17 and Task C A c t i v i t y  6 ) .  

The aim o f  t h e  i n t e g r a t e d  research p r o j e c t s  has been to develop a 
capac i t y  f o r  p red i  c t i  79 the source and magni tude o f  sediment de r i ved  f rom 
a g r i c u l t u r a l  lands and d e l i v e r e d  t o  the Canadian Great Lakes. 

The approach adopted f o r  t he  broad problem o f  p r e d i c t i n g  the  su r face  
movement o f  po l  l u t a n t s  f rom a g r i c u l t u r a l  lands has invo lved f i v e  main 
stages. These inc lude:  

( i )  development o f  conceptual  d e t e r m i n i s t i c  models o f  s o i l  e r o s i o n  
and sediment t r a n s p o r t  from source t o  stream; 

( i i )  t e s t i n g ,  v e r i f i c a t i o n  and improvement o f  the  conceptual  models 
w i t h  d e t a i l e d  data c o l l e c t e d  f rom a l i m i t e d  number o f  a g r i c u l t u r a l  
watersheds; 

( i  i i) t e s t i n g  of the s p a t i a l  e x t r a p o l a t i o n  capabi 1 i t y  o f  t h e  models 
w i t h  mon i to red  data c o l l e c t e d  f rom o t h e r  IJC s e l e c t e d  bas ins;  

( i v )  t e s t i n g  o f  the temporal e x t r a p o l a t i o n  capabi 1 i t y  of the models 
b y  comparing the sampled p e r i o d  o f  record  ( i e .  2 years) w i t h  
a longer  h i s t o r y  o f  f l ows  and extrema1 s i t u a t i o n s ;  and 

(v )  i n t e g r a t i o n  o f  r e s u l t s  generated f rom o t h e r  PLUARG s t u d i e s  
r e l a t i n g  to e r o s i o n  and sedimentat ion.  

The data base f o r  the s tud ies  has been t h a t  e s t a b l i s h e d  f o r  t he  
a g r i c u l t u r a l  watershed p r o j e c t s  rega rd ing  the Canadian p o r t i o n  o f  t h e  Great 
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Lakes Basin. Eleven r e p r e s e n t a t i v e  a g r i c u l t u r a l  watersheds i n  Southern 
Ontar io  were i n c l u d e d  i n  t h e  P r e l i m i n a r y  M o n i t o r i n g  Programme, Phase I 
( A g r i c u l t u r a l  Watershed StudyJ Task C - Canadian Section, 1974-1975 and 
1975-1976). 
Studies, Phase I1 ( A g r i c u l t u r a l  Watershed Studies,  Great Lakes Drainage 
Basin 

S i x  of t h e  e leven watersheds were i n c l u d e d  i n  t h e  D e t a i l e d  

Canada, Detai  1 ed Study P1 an, 1975-1976; October 1975). 

Frank  and R ip ley  (1977) have descr ibed the  l o c a t i o n  and l a n d  use 
a c t i v i t i e s  i n  these r e p r e s e n t a t i v e  a g r i c u l t u r a l  watersheds. 
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3.0 POTENTIAL SOIL EROSION LOSSES 
FROM AGRICULTURAL LAND 

3 . 1  I n t roduc t  ion 

The s tudy o b j e c t i v e s  o f  t h i s  chapter  regard s o i l  e ros ion  i n  
a g r i c u l t u r a l  watersheds i n  Southern On ta r io  and are  as follows: 

- t o  descr ibe  s p a t i a l  and temporal aspects  o f  s o i l  e ros ion  processes f o r  
a g r i c u l t u r a l  lands i n  Southern On ta r io ,  and 

- t o  i d e n t i f y  t h e  e f f e c t s  of a g r i c u l t u r a l  land use on e r o s i o n  losses. 

The s tudy  approach has i nvo l ved  the use of  the Un ive rsa l  S o i l  
Loss Equat ion t o  compute: 

- average annual p o t e n t i a l  s o i l  e r o s i o n  losses f o r  t h e  1 1  a g r i c u l t u r a l  
watersheds t h a t  rapresent  the  major  a g r i c u l t u r a l  reg ions  o f  Southern 
On t a r  i 0; 

- month ly ,  seasonal and annual soi  1 losses f o r  t he  year 1976 f o r  6 d e t a i l e d  
s t u d i e d  watersheds (AG-1 ,  AG-3, AG-4, AG-5,  AG- IO ,  AG-13) ;  and 

- month ly  d i s t r i b u t i o n  of 1976 r a i n f a l l  "R" va lues  f o r  comparison t o  long- 
term average annual e r o s i o n  values. 

S o i l  e ros ion  i n f o r m a t i o n  presented i n  t h i s  Chapter has a l s o  been 
used i n  Chapter 5 f o r  d e l i v e r y  r a t i o  computations, i n  Chapter 6 f o r  sediment 
l oad  p r e d i c t i o n s  and i n  Chapter 7 f o r  e x t r a p o l a t i o n  purposes. 

3.2 Data Col 1 e c t  ion  Methods 

On the  bas i  s o f  so i  1 m a t e r i a l ,  physiography, c l i m a t e  and predominant 
l i v e s t o c k  and cropping-management systems, Coote e t  a l .  (1974) i d e n t i f i e d  
major  a g r i c u l t u r a l  reg ions w i t h i n  t h e  Cana i a n  Great Lakes Basin (Southern 
On ta r io )  and se lec ted  watersheds (19-54 km ) rep resen ta t i ve  o f  each reg ion .  
The a g r i c u l t u r a l  reg ions  and rep resen ta t i ve  watersheds a r e  i d e n t i f i e d  on  
F i g u r e  1 .  Data f o r  t h e  s o i l  e r o s i o n  s tudy  were ob ta ined  f r o m  a l l  1 1  
watersheds se lec ted  i n i t i a l l y  f o r  the  m o n i t o r i n g  study. Frank and R ip ley  
(1977) have descr ibed t h e  land use a c t i v i t i e s  i n  these s tudy watersheds. 

-- 
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The Un ive rsa l  S o i l  Loss Equat ion (Wischmeier and Smith, 1965) 
has been used f o r  e s t i m a t i n g  r a i n f a l l  and runo f f - i nduced  so i  1 e ros ion  
losses f o r  t h e  va r ious  crops g r m n  i n  each watershed. Losses es t ima ted  by 
t h i s  method are meant t o  i n c l u d e  bo th  sheet and r i l l  e ros ion ,  as d e f i n e d  
by  the o r i g i n a l  authors.  

The Un ive rsa l  S o i l  Loss Equat ion  ( U . S . L . E . )  i s :  

A = RKLSCP, where 

A = t h e  p r e d i c t e d  average s o i l  ioss, expressed i n  ton /acre /y r ,  

R = t h e  r a i n f a l l  f a c t o r ,  expressed as a r a i n f a l l - e r o s i o n  index, 

K = the so i  1 e r o d i b i l  i t y  f a c t o r ,  expressed as tons o f  s o i l  l oss  p e r  
acre  p e r  u n i t  o f  r a i n f a l l - e r o s i o n  index on a p l o t  (9% s lope,  
22. 1 m long, i n  cont inuous fa1 low, t i l  l e d  up-down s lope ) ,  

L = t h e  l eng th -o f - s lope  f a c t o r ,  expressed as t h e  r a t i o  o f  s o i l  l oss  
f rom a s p e c i f i e d  l eng th  of s lope t o  t h a t  de f i ned  f o r  t h e  K f a c t o r ,  

S = the  s lope -g rad ien t  f a c t o r ,  expressed as t h e  r a t i o  o f  s o i l  loss 
from a s p e c i f i e d  percent  s lope t o  t h a t  o f  the K f a c t o r ,  

C = the  cropping management f a c t o r ,  expressed as the  r a t i o  o f  s o i l  
l oss  under a speci f i e d  c ropp ing  management system t o  t h e  loss  
under f a l l m  cond i t i ons ,  

P = the  e r o s i o n  c o n t r o l  p r a c t i c e  f a c t o r ,  expressed as  t h e  r a t i o  o f  s o i l  
loss w i t h  a s p e c i f i c  conserva t ion  p r a c t i c e  (e.g. con tour ing ,  s t r i p -  
cropping,  o r  t e r r a c i n g )  t o  t h a t  w i t h  up-down s lope  c u l t i v a t i o n .  

The r a i n f a l l  e r o s i o n  "R" va lues  were de r i ved  f r o m  long- term r a i n -  
f a l l  r e c o r d s  a n d  c a l c u l a t e d  f o r  1 1  c l i m a t i c  s t a t i o n s  i n  S o u t h e r n  O n t a r i o  
(Ateshian,  1974). A map showing t h e  average annual va lues o f  t h e  r a i n f a l l  
f a c t o r  R i n  Southern On ta r io  was produced by employing computed R values 
and pub1 i shed R va lues f o r  the Uni t e d  Sta tes  b o r d e r i n g  Southern O n t a r i o  
(van V l i e t  e t  a l .  1976) ( F i g u r e  2) .  Measured r a i n f a l l  da ta  i n  t h e  watersheds 
(PLUARG P r o j e c t  6 A  - Sanderson, 1978) were the b a s i s  f o r  the de terminat ion  
of "R" va lues  f o r  t h e  year  1976 by t h e  same method (Ateshian,  1974). 

-- 

Detai  l e d  i n fo rma t ion  concern ing l and  use, c u l t i v a t i o n  p r a c t i c e s ,  
c rop  r o t a t i o n  systems, s o i l  p r o p e r t i e s  and land  s lopes r e q u i r e d  f o r  t h e  
a p p l i c a t i o n  o f  t h e  s o i l  l oss  equat ion  were ob ta ined  by  a combinat ion of 
on-s i  t e  e v a l u a t i o n ,  l a b o r a t o r y  analyses and a e r i a l  photographic  i n t e r p r e -  
t a t  ion .  
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F i g u r e  2 :  Average Annual R a i n f a l l  Fac to r  "R" Values f o r  Southern O n t a r i o  



S o i l  e r o d i b i l i t y  "K" va lues  f o r  s u r f i c i a l  s o i l  m a t e r i a l s  
(Ap o r  Ah + Ae hor izons)  were determined by t h e  s o i l  e r o d i b i l i t y  
nomograph (Wischmeier _- e t  - a l .  1971). 

The topographic  f a c t o r s ,  s l o p e  l e n g t h  "L" and s lope g r a d i e n t  "S", 
were determined o n - s i t e  and LS va lues were de r i ved  f rom the LS c h a r t  
(Wischrwier  and Smith, 1965). 

Dur ing  the 1974 and 1975 growing seasons, a g r i c u l t u r a l  land use 
on ?he i n d i v i d u a l  f i e l d s  i n  each watershed was mapped on a e r i a l  photographic  
base maps and the pe rcen t  o f  the  watershed i n  d i f f e r e n t  crops was ca l cu la ted .  
i f  a Grass cover  was p a r t  o f  a crop  r o t a t i o n ,  i t  was mapped as meadow. Areas 
w i t h  ?emanent grass o r  mixed shrubs and grass v e g e t a t i o n  were c l a s s i f i e d  
as permanent pas ture .  Tree vege ta t i on ,  i n c l u d i n g  marshes, woodlots  and 
Forests  were c i a s s i f i e d  as woodlands. The reg iona l  so i  1s and crop s p e c i a l i s t s  
of the On ta r io  M i n i s t r y  of A g r i c u l t u r e  and Food were contac ted  t o  e s t a b l i s h  
the  most common crop r o t a t i o n s  f o r  each watershed. Th is  source was a l s o  
very  h e l p f u l  f o r  e s t a b l i s h i n g  plowing, seeding ( p l a n t i n g )  and 
ha rves t i ng  dates, as w e l l  a s  res idue  management and y i e l d  l e v e l s  t h a t  were 
r e q u i r e d  f o r  t h e  c m p u t a t  i o n  o f  "C" f a c t o r s  (Wischmeier and Smith, 1965). 

E ros ion  c o n t r o l  p r a c t i c e s  "P" such as t e r r a c i n g ,  s t r i p - c r o p p i n g  
o r  contour  p lough ing ,  were n o t  p resent  i n  the watersheds s tud ied .  Therefore,  
t h e  e r o s i o n  c o n t r o l  p r a c t i c e  f a c t o r  P i n  t h e  U . S . L . E .  was g iven a va lue  o f  
1 (Wischmeier and Smith, 1965). 

The p r e d i c t e d  average annual s o i l  l oss  "A" i s  t h e  long-term 
average annual s o i l  loss i n  tons/acre/yr .  I t  shou ld  be  recognized t h a t  any 
s o i l  l o s s  e s t i m a t e  based on o n l y  a s i n g l e  yea r  o f  data may dev ia te  cons iderab ly  
from t h i s  long- term average va lue.  Since t h i s  s tudy was conducted f o r  o n l y  
a 1 to  3 year  pe r iod ,  an a t tempt  was made t o  determine how s o i l  loss  d u r i n g  
t h i s  s h o r t  t ime p e r i o d  v a r i e d  b o t h  by month and annua l l y  i n  comparison w i t h  
long- te rm average annual so i  1 l oss  values. 

The r a i n f a l l  f a c t o r  "R" and cropping-management f a c t o r  "C" 
(Wischmeier and Smith, 1965) a re  the o n l y  f a c t o r s  t h a t  change tempora l l y  
and hence r e q u i r e  c o n s i d e r a t i o n  i n  de termin ing  e i t h e r  monthly o r  y e a r l y  
values. Fo r  t h e  computation o f  monthly p r e d i c t e d  e r o s i o n  losses, monthly 
"R' and 'IC" values were c a l c u l a t e d  and t h e  U.S.L.E.  was so lved i n  the  
normal way. The method o f  c a l c u l a t i o n  i s  demonstrated below by  an example 
f o r  Watershed AG-1 (Tab le  1 ) .  

Monthly r a i n f a l l  "R" values f o r  1976 (column 2) were computed by 
the Ateshian method (1974) ,  w i t h  data f rom PLUARG P r o j e c t  6A (Sanderson, 
1978). Long-term month ly  "R" values have a l s o  been inc luded  i n  Table 1 
(column 3 ) .  
(column 4 ) ,  the growing season was d i v i d e d  i n t o  t h e  f o l l o w i n g  5 c rop  s tage 
pe r iods ,  as def ined by Wischmeier and S m i  t h  ( 1965). 

For  the  d e r i v a t i o n  o f  an average monthly s o i l  loss r a t i o  

9 



Tab le  1 :  1976 Sheet and r i l l  e ros ion  l osses  f o r  AG-1 ( B i g  Creek Watershed) 
- _  

1 2 3 4 5 6 7- 9 10  
Average 
Soi 1 

S o i l  Loss 
Ad i u s t e d  

"R" Value Rat ios  RxC RxC FO; Snow 
Month 1976 Longterm (C) (%) ( m e t r i c  tons)  (%) ( m e t r i c  tons)  ( ton/ha)  

JANUARY 6.7 0.53 0.51 3.417 7.5 2942.5 8,s 333409 0.656 

F E B RU ARY 6.7 1003 0.51 3.417 7 - 5  2942.5 9.5 3727 -2  0.734 

MARCH 18.38 1.81 0051 9.374 20.5 8042 09 27.5 10789 3 20124 

A P R I L  14.36 4,71 0.51 7.324 1601 6316.6 16.1 6316,6 1.243 

MAY 6.03 6.32 0.67 4.040 8,9 3491 .a 8 09 3491.8 0.687 

4 JUNE 6-91 16.69 0.50 3.455 7.6 2981.8 7.6 2981.8 0.587 

JULY 35.28 26,27 0.26 9.173 20.1 7885.9 20.1 7885.9 1.552 

AUGUST 0 20.72 0.26 0 0 0 0 0 0 

SEPTEMBER 11.38 7.59 0.26 2.959 6.5 2550,2 6.5 2550.2 0.502 

OCTO B E R 5.90 4.48 0.41 2.419 5.3 2079.4 5.3 2079.4 0 

NOVEMBER o 1.65 0.51 0 0 0 0 0 0 

DECEMBER 0 3.20 0.5i 0 0 0 0 0 0 

431 57 02 8.496 YEAR 111.6 95.00 45.578 100.0 39233.8 110.0 



, 

Crop Stage Per iod  

F - Rough f a l l o w  

Month 

November - Apri 1 

1 - Seedl ing May 

2 - Establ ishment  June 

3 - Growing and matur ing  o f  c rop  Ju ly ,  August, September 

4 - Residue o r  s t u b b l e  p e r i o d  October 

Months corresponding t o  t h e  c r o p  stage p e r i o d s  r e f l e c t  average c ropp ing-  
management c o n d i t i o n s  f o r  t h e  crops grown i n  t h e  watershed (AG-1) as fo l lows:  

- average p l a n t i n g  d a t e  f o r  a1 1 c rops  : May 1 ; 

- average harves t  d a t e  f o r  a l l  crops: October 1; 

- average p lowing  d a t e  f o r  a l l  crops: November 1. 

(These average dates and consequent ly t h e  months i n  each c r o p  stage p e r i o d  
v a r y  s l i g h t l y  f r o m  one watershed t o  the o t h e r ) ,  

Average s o i l  loss  r a t i o  va lues  were d e r i v e d  from so i l  l o s s  r a t i o  

Column 5 which i s  t h e  produc t  of 
Column 6 i s  t h e  monthly 

t a b l e s  (Wischmeier and Smi th ,  1965) f o r  t h e  c rops  f o r  each o f  t h e  5 c r o p  
stage p e r i o d s  and corresponding months. 
column 2 and column 4, has d imensionless numbers. 
p r o p o r t i o n  o f  column 5, expressed as a percentageo The t o t a l  long- term 
p r e d i c t e d  sheet e r o s i o n  l o s s  f o r  AG-1 was a d j u s t e d  f o r  t h e  1976 annual 
r a i n f a l l  "R" va lue  (Tab le  l), r e s u l t i n g  i n  a v a l u e  o f  39,234 m e t r i c  tons  
o f  s o i l  loss  (column 7). On t h e  b a s i s  o f  t h e  percentage va lues  i n  column 
6, t h e  y e a r l y  s o i l  loss v a l u e  was p r o p o r t i o n e d  by months (column 7). 

S ince snowmelt has been observed t o  a f f e c t  e ros ion  and s ince t h e  
e f f e c t  o f  snowmelt i s  n o t  i n c l u d e d  i n  t h e  u n i v e r s a l  so i l  loss  equation, 
s o i l  e r o s i o n  losses  were a d j u s t e d  i n  accordance w i t h  l o c a l  observat ions.  
Recent unpubl i shed research has i n d i c a t e d  t h a t  t h e  c o n t r i b u t i o n  from 
snowmelt i n  Southern O n t a r i o  v a r i e s  between 10-1PL o f  t h e  t o t a l  annual s o i l  
l o s s  v a l u e  (van V l i e t  and Wall ,  1978). 
l y  low snowfal l  accumulat ions (AG-1, AG-10, AG-13), 10% o f  t h e  annual s o i l  
l o s s  v a l u e  was added t o  t h e  y e a r l y  v a l u e  as fo l lows:  January 1%, February 
2% and March 7% (column 7). I n  areas w i t h  r e l a t i v e l y  h i g h  snowfa l l  accumu- 
l a t i o n s  (AG-3, AG-4, AG-5) 15% of t h e  annual s o i l  loss  va lue  was added t o  
t h e  y e a r l y  v a l u e  as fo l lows:  January 2%, February 3%, March 10%. 
shows t h e  snowmel t - a d j u s t e d  so i  1 l o s s  va lues  f o r  t h e  months of  January, 
February, March. 

Consequently, i n  areas w i t h  r e l a t i v e -  

Column 9 

Monthly u n i t  area losses  were computed i n  column 10. 

1 1  



These computations, demonstrated f o r  A G - 1 ,  were a l s o  performed 
for t h e  o t h e r  5 watersheds ( A G - 3 ,  AG-4, A G - I O ,  AG-13)  and may be found i n  
Appendix 1 .  

3.3 Exper imenta l  Resul ts  

The l o c a t i o n s  o f  t h e  1 1  r ep resen ta t i ve  a g r i c u l t u r a l  watersheds f o r  
which p o t e n t i a l  sheet e ros ion  losses were computed a r e  shown i n  F igu re  1. 
?he predominant s o i l  m a t e r i a l  and land  use encountered i n  the watersheds 
are summarized i n  Table 2. Resu l ts  o f  the a p p l i c a t i o n  o f  the U . S . L . E .  t o  
t h e  1 1  watershed areas a re  presented i n  h is tograms (Appendix 2 )  and da ta  
fo r  watershed #l a r e  d iscussed b e l w  t o  i l l u s t r a t e  how t h e  i n f o r m a t i o n  i n  
the  h is tograms can be  i n t e r p r e t e d .  

F i g u r e  3 shows t h e  percentage o f  watershed # 1  occupied by  the  
d i f f e r e n t  crops versus the average annual p o t e n t i a l  sheet  e ros ion  losses. 
I n  a d d i t i o n ,  t h e  range o f  s o i l  loss f o r  each cropping system t h a t  r e s u l t s  
f r o n  d i f f e r e n t  s o i l  f a c t o r s  and topograph ic  f a c t o r s  i s  i n d i c a t e d  f o r  each 
c rop  by a range l i n e .  For example, the  average annual p o t e n t i a l  sheet 
e r o s i o n  losses f rom corn,  soybeans and smal l  g r a i n s  i n  r o t a t i o n  are  
approx imate ly  7 m e t r i c  ton/ha/yr, b u t  s o i l  losses may range from 3.5 - 9.6 
ton /ha /y r  depending upon the s o i l  e r o d i b i  1 i t y  and s lope f a c t o r s .  Both  
permanent p a s t u r e  and woodland a r e  es t ima ted  t o  have l o w  s o i l  losses 
(<0 .5  ton/ha/yr )  as compared w i t h  r o t a t i o n a l  crops ( A  ton/ha/yr )  i n  t h i s  
watershed. S o i l  e ros ion  losses f o r  t he  o t h e r  10 watersheds a r e  presented 
i n  t h e  same manner i n  Appendix 2 .  

A s o i l  e ros ion  index was developed i n  o rde r  t o  p rov ide  a method 
f o r  comparing t h e  long-term p o t e n t i a l  e r o s i o n  hazards o f  the d i f f e r e n t  
a g r i c u l t u r a l  watersheds. The sheet and r i  1 1  e r o s i o n  index f o r  each watershed 
s t u d i e d  was de r i ved  by i n t e g r a t i n g  the  average sheet e r o s i o n  losses 
( i . e .  t he  t o t a l  area under t h e  h is tograms dep ic ted  i n  F igu re  3 and Appendix 2 ) .  
On the  b a s i s  o f  t h i s  watershed e r o s i o n  index,  each watershed was p laced 
i n t o  a h igh,  medium, o r  low e r o s i o n  ca tegory  as i n d i c a t e d  i n  Table 3. 
Based o n  the r e s u l t s  f o r  t h e  r e p r e s e n t a t i v e  watersheds t h e  a g r i c u l t u r a l  
reg ions i n  southern O n t a r i o  were a l s o  c l a s s i f i e d  i n t o  a h igh ,  medium o r  l c w  
e r o s i o n  p o t e n t i a l  category. The s p a t i a l  d i s t r i b u t i o n  of p o t e n t i a l  s o i  1 
e r o s i o n  i n  southern O n t a r i o  i s  dep ic ted  i n  F igure  4. 

Another way o f  p resen t ing  t h e  e ros ion  data o f  F igu re  3 and Appendix 
2 i s  t o  summarize the  p o t e n t i a l  sheet e ros ion  values f o r  seve ra l  o f  t he  
predominent a g r i c u l t u r a l  crops grown i n  southern On ta r io .  The mean va lues 
o f  the es t ima ted  s o i l  losses f o r  t he  crops grown i n  d i f f e r e n t  watersheds 
were c a l c u l a t e d  and a r e  summarized i n  Table 4. The range va lues  express 
t h e  e f f e c t s  o f  v a r i a t i o n s  i n  so i  1 e r o d i b  il i t y  i iK1 ' ,  topography "LS" and 
r a i n f a l l  i ' R ' i  over  the  d i f f e r e n t  areas. P o t e n t i a l  sheet e r o s i o n  losses for  
southern O n t a r i o  on a long-term (22 years) bas i s ,  on a s i n g l e  year  (1976) 
bas i s  and on a c rop  bas i s  a re  s h w n  i n  F i g u r e  5. Soi l  losses (1976) were 
h i g h e r  than longterm average annual losses r e f l e c t i n g  g r e a t e r  than average 
r a i n f a l l  i n  1976. 
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Table  2: Predominant s o i l  m a t e r i a l s ,  topogra:i!iy and l and  u s e s  f o r  11 a g r i c u l t u r a l  watersheds .  
I - -  __-I ____I__.__ _I__.- _____I_ l______ll-___ I--.-_. -_I-- _-_ 

WATERSHED 
SOLT, MATERIALS AND TOPOGRAPHY 

______I ._I____-. ~---_II - AG-Numb er N a m e  and  County - 

Big Creek (Essex Co.) Clay t o  c l a y  loams O V ~ L  c l a y  t o  s i l t y  c l a y  
t i l l s ;  n e a r l y  l eve l  t o  u n d d a t i n g  t e r r a i n .  

Cash c r o p s ,  c o r n ,  soy beans.  
s m a l l  g r a i n s .  

1 

2 

3 

4 

5 
-L 

w 

6 

7 

10 

11 

1 3  

14 

Venison Creek (Norfolk 
CO.) 

Sands,  sandy loams and loamy sands ;  undu la t ing  
t o  g e n t l y  r o l l i n g  t e r r a i n .  

Tobacco and d a i r y .  

Cash c r o p s ,  c o r n ,  wh i t e  
beans ,  small g r a i n s ,  d a i r y .  

Upper L i t t l e  Ausable 
River  (Huron Co.) 

S i l t y  c l a y  loams and s i l t  loans oxrer s i l t y  
c l a y  loalii t i l l s ;  undu la t ing  t e r r a i n .  

S i l t  loanis ,  s i l t y  c l a y  loanis and c l ay  loams 
ove r  s i l t y  c l a y  loam and c l a y  loam t i l l s ;  
undul a t  i n g  t e r r a i n  . 

Dai ry ,  siiiall g r a i n s  and corn 
i n  m t ~ d o w  r o t a t  i o n s .  

Canagagigue Creek, West 
B r .  (Wellington-Peel Co .) 

S i l t  I.oams ove r  loam and s i l t  loam t i l l s ,  
undu la t ing  t e r r a i n .  

D a i r y ,  hogs,  c o r n ,  small  
g ra i -ns .  

Holiday Creek,  T r i b .  of 
Middle Thames (Oxford Co.) 

S i l t  loam and loam t i l l s ;  undu la t ing  t e r r a j n .  Beef ,  hogs,  meadow i n  
r o t a t i o n  w i t h  s m a l l  g r a i n s .  

T r ibu ta ry  of Mait land Riv. 
(Huron & Well ington Co . ) 
S h e l t e r  Va l l ey  Creek 
(Northumberland Co .) 

Sandy loam t i l l s ;  s tony ;  moderately t o  
s t r o n g l y  r o l l i n g  t e r r a i n .  

F o r e s t ,  hobby f a rms ,  
t obacco ,  permanent p a s t u r e .  

North Creek B r .  of Twenty 
M i l e  Creek (Lincoln  Co .) 

S i l t y  c l a y  loams ove r  c l a y  and s i l t y  c l a y  
t i l l .  Undulat ing t e r r a i n .  

Da i ry ,  hogs ,  poul  t r y ,  perm- 
manent p a s t u r e ,  meadow i n  
r o t a t i o n .  

Beef ,  d a i r y ,  r a p i d l y  urban- 
i z i n g ,  pe rzanen t  p a s t u r e ,  
corn .  

Sa l t  Creek (Pee l  Co.) Loam t o  c l a y  loam t o  c l a y ;  n e a r l y  l e v e l  t o  
u n d u l a t i n g  t e r r a i n .  

Cash c r o p s ,  f r u i t s ,  
v e g e t a b l e s ,  c o r n ,  soybeans,  
tomatoes ,  e t c .  

Hillman Creek, West B r .  
(Essex County) 

F i n e  sands ,  loamy f i n e  sands  and very  f i n e  
sandy loams;  l e v e l  t o  ve ry  g e n t l y  s lop ing  
t e r r a i n .  

Wilmot Creek (Bruce Co.) Clay and s i l t y  c l a y s ;  g e n t l y  r o l l i n g  t e r r a i n .  Beef ( e x t e n s i v e ) ,  permanent 
p a s t u r e ,  meadow. 
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Figure 3 :  Longterm Average Annual S o i l  Erosion Losses by Crop for AG-1 (Big Creek Watershed) 



Tab le  3: S o i l  e ros ion  i n d i c e s  f o r  11 a g r i c u l t u r a l  watersheds 

WAT ERSHE D WAT E RSH ED E RO SI 0 N E R O S I O N  
WAT E RSH ED WATERSHED NAME AREA I N D E X  POTENT1 AL 

NO -(ha) ( ton/ha/yr) ( t on /ac re /y r )  CATEGORY 

13 

1 

7 

3 

6 

5 

11 

4 

14 

10 

2 

H i l l m a n  Creek (West 1990 
B ranch) 

B i g  Creek Tr ib .  t o  5080 
Thames River  

She1 t e r  Val 1 ey Creek 5645 

Upper L i t t l e  Ausable 6200 
R i  ve  r 

T r i b u t a r y  o f  M a i t l a n d  5472 
R i v e r  

H o l i d a y  Creek ( T r i b .  3000 - 
of M i  dd l  e Tharnes R ive r )  

Sal t Creek 2383 

Canagagi gue Creek 1860 
(West B ranch) 

W i  1 mot C reek 4504 

N o r t h  Creek Branch 302 5 
o f  Twenty M i  1 e Creek 

Veni son Creek 791 3 

7.3 

6.6 H igh  

5.7 

403 

Medi urn 
107 

0.9. 

Low 

4.0 

307 

3.0 

2.1 

0.5 

1.2 

1.1 

1 .o 0.4 

See F i g u r e  1 f o r  l o c a t i o n  of  watersheds and Tab le  2 f o r  a b r i e f  watershed 
d e s c r i p t i o n .  

1 

15 
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Table 4 :  Magnitude of p o t e n t i a l  sheet e r o s i o n  losses f rom crop land 
i n  Southern O n t a r i o  

SHEET E R O S I O N  LOSSES BY C R O P  
Mean Range 

C R O P  ( ton/ha/yr )  ( ton/ha/yr )  

H o r t i c u l t u r a l  crops 
( po t a t o e  s , toma toes  , e t c  . ) 

Beans (soy and w h i t e )  

Continuous corn  

Corn i n  r o t a t i o n  

Tobacco 

Small g r a i n s  

Meadow i n  r o t a t i o n  

Permanent p a s t u r e  

Wood1 ands 

9.7 6.6 - 12.2 

7.6 5.5 - 9.8 

6.7 2.9 - 11.7 

3.7 0.9 - 6.9 

3.5 2.1 - 4.9 

3.4 1.5 - 6.9 

2.6 0.9 - 5.0 

0.4 0.1 - 0.8 

0.2 0.05 - 0.4 

Range va lues r e f l e c t  a combinat ion of s o i l ,  topographic and r a i n f a l l  
v a r i a t i o n s  between watersheds. 
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I n  a d d i t i o n  t o  long- te rm average annual p o t e n t i a l  e r o s i o n  losses, 
s h o r t  t ime p e r i o d  e r o s i o n  losses (e.g. 1976) were computed. Resul ts  o f  t h e  
1976 month ly  and annual p r e d i c t e d  eros ion  loss  computations f o r  the 6 
de ta i l ed -s tudy  watersheds are  presented i n  Table 1 f o r  AG-1 and Appendix 1 
f o r  AG-3, AG-4, AG-5,  A G - I O ,  AG-13.  Watershed s o i l  e r o s i o n  losses f o r  1976 
a r e  presented  i n  F igu re  5. 

Table 5 summarizes the  1976 monthly d i s t r i b u t i o n  o f  s o i l  l oss  and 
annual e r o s i o n  losses  f o r  the  6 de ta i  led-s tudy  a g r i c u l t u r a l  Watersheds. 
The month ly  s o i l  l oss  va lue expressed b o t h  i n  tonnes per  hec tare  ( ton/ha)  
and as  a percentage o f  the y e a r l y  s o i  1 l oss  i s  presented f o r  each watershed 
i n  Table 5. The v a r i a b i l i t y  among watersheds f o r  a p a r t i c u l a r  month or 
group o f  months (seasons) i s  l a r g e ,  ma in l y  due t o  the v a r i a b l e  n a t u r e  o f  
r a i n f a i l  energy and i n t e n s i t y .  Th i s  i s  c l e a r l y  demonstrated by t h e  f o l l o w i n g  
seasonal d i s t r i b u t i o n s  o f  percent  s o i l  loss  f o r  t he  6 watersheds: 

January-Apri 1 May -Aug us t Sep tembe r-Decembe r 

AG- 1 56 23 1 1  

AG-3 31 63 6 

AG-4 46 48 6 

AG-5 29 63  8 

AG-10 39 57  4 

AG- 13 45 42 13 

The seasonal range i n  s o i  1 l oss  i s  l a r g e s t  f o r  the  summer p e r i o d  
(23-63%). Th is  i s  o f  no  s u r p r i s e ,  s ince  t h e  summer p e r i o d  i s  cha rac te r i zed  
by  h i g h l y  v a r i a b l e  r a i n f a l l  p r o p e r t i e s  (e.g. k i n e t i c  energy o f  ra indrops on 
the  s o i l ,  i n t e n s i t y  o f  r a i n f a l l ) .  The smal les t  seasonal range was found 
f o r  the f a l l  p e r i o d  (4-13%). 

Table 5 has been summarized i n  a graph i n  F igu re  6. F igu re  6 
shows average month ly  s o i l  e ros ion  va lues f o r  the 6 watersheds. The 
seasonal s o i l  loss  c o n t r i b u t i o n  i s  l a r g e s t  d u r i n g  summer (May-August), w i t h  
over  h a l f  (55%) o f  t h e  y e a r l y  p o t e n t i a l  s o i l  loss. About 1/3 o f  t h e  annual 
p o t e n t i a l  s o i  1 l oss  occurs dur ing  t h e  January-Apr i l  per iod .  The remainder 
took  p l a c e  du r ing  t h e  fa1  1 p e r i o d  (September-December) . 
3 .4  Data Ana lys i s  and l n t e r p r e t a t  ion 

The s p a t i a l  p i c t u r e  o f  s o i l  e r o s i o n  revea ls  t h a t  most watersheds 
f a l l i n g  i n  t h e  h i g h e s t  eros i o n - p o t e n t i a l  category (Tab le  3) a r e  i n t e n s i v e l y  
farmed a g r i c u l t u r a l  areas c h a r a c t e r i z e d  by cash crop p roduc t i on  and a h i g h  
percentage of  a r a b l e  land ( l a n d  used f o r  crop p roduc t i on ) .  Watershed AG-7  
i s  a no tab le  excep t ion  t o  these observa t ions  and w i l l  be  d iscussed l a t e r .  



Table 5: Summary of 1976 p o t e n t i a l  s h e e t  and r i l l  e r o s i o n  losses f o r  6 a g r i c u l t u r a l  w a t e r s h e d s .  

AG-1 AG- 3 AG-4 AG-5 AG-10 AG-13 
MONTH ton lha  % ton /ha  % t o n / h a  % t on /ha  % ton/ha % t o n / h a  % 

JANUARY 

FEBRUARY 

MARCH 

A P R I L  

MAY 

JUNE 

h, 
0 JULY 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

0.656 

0.734 

2.124 

1.243 

0.687 

0.587 

1.552 

0 

0.502 

0.409 

0 

0 

8 

9 

25 

14 

8 

7 

18 

0 

6 

5 

0 

0 

0.419 

0.671 

1.198 

1.928 

0.862 

1.725 

5.605 

0.467 

0.766 

0.132 

0 

c! 

3 

5 

9 

14 

6 

13 

41 

3 

5 

1 

0 

0 

0.130 

0.202 

0.451 

0.437 

0.353 

0.548 

0.105 

0 

0.098 

0.049 

0 

0 

5 

8 

17 

16 

13 

31 

4 

0 

4 

2 

0 

0 

0.721 

0.637 

3.777 

1.889 

2.186 

0.658 

5.772 

6.959 

0.934 

0.679 

0.191 

0 

3 

3 

15 

8 

9 

3 

23 

28 

4 

3 

1 

0 

0.051 

0.060 

0.305 

0.264 

0.278 

0.557 

0.132 

0.014 

0.043 

0.019 

0 

0.024 

3 

3 

18 

15 

16 

32 

8 

1 

2 

1 

0 

1 

0.560 

1.754 

1.785 

0.996 

0.633 

2.459 

1.764 

0 

0.841 

0.405 

0.218 

0 

5 

15 

16 

9 

6 

21 

15 

0 

7 

4 

2 

0 

~ ~~ 

YEAR (1976) 8.496 100 13.773 100 2.673 100 24.402 100 1.746 100 11.417 100 



The waters'heds hav ing  medium e r o s i o n  p o t e n t i a l  can be c h a r a c t e r i z e d  by 
a mixed farming t y p e  o f  a g r i c u l t u r e  i n v o l v i n g  l i v e s t o c k  opera t ions  i n  
combinat ion w i t h  some cash cropping. A g r i c u l t u r a l  watersheds demonstrat ing 
l o w  eros ion  p o t e n t i a l  are.genera1 l y  found i n  the less  i n t e n s i v e l y  farmed 
a g r i c u l t u r a l  reg ions w i t h  1 i v e s t o c k  farming opera t ions  and w i t h  a l a r g e  
percentage o f  meadow crops, permanent pas ture  and woodland. I n  a d d i t i o n ,  
watersheds o f  t h i s  category e x h i b i t  the  lowest percentage o f  a r a b l e  land. 

The h i g h  e r o s i o n  p o t e n t i a l  f o r  t h e  S h e l t e r  Va l ley  Creek Watershed 
(AG-7 )  r e s u l t s  f rom t h e  s teep topography and h i g h l y  e r o d i b l e  loamy sand and 
f i n e  sandy loam soi  1 .  H igh e r o s i o n - p o t e n t i a l  va lues a r e  c l e a r l y  expressed 
by t h e  l a r g e  range values f o r  AG-7 i n  Appendix 2. The watershed land use 
i n  AG-7 i s  analagous, however, t o  watersheds i n  the l o w  e r o s i o n - p o t e n t i a l  
category.  

I t  should be no ted  t h a t  the  th ree  watersheds w i t h  h ighes t  e ros ion  
i n d i c e s  are n o t  n e c e s s a r i l y  the watersheds c o n t r i b u t i n g  t h e  most sediment 
i n t o  stream channels. The s o i l  e r o s i o n  c a t e g o r i e s  o n l y  i n d i c a t e  how 
v u l n e r a b l e  t h e  watersheds are  t o  sheet  e r o s i o n  losses. S o i l  p a r t i c l e s  i n  
the t r a n s p o r t  phase o f  the s o i  1 e r o s i o n  process migh t  easi  l y  become trapped 
i n  depress ional  areas, grassed waterways, e t c . ,  b e f o r e  they reach stream 
channels. For example, i t  i s  q u i t e  p o s s i b l e  t h a t  a watershed i n  the  category 
f o r  low p o t e n t i a l  fo r  sheet  e r o s i o n  losses c o u l d  c o n t r i b u t e  more sediment 
i n t o  streams than watersheds o f  t h e  h i g h  e r o s i o n  category because o f  an 
e f f i c i e n t  t r a n s p o r t  system from land t o  stream. 

Wi th  respect t o  the e f f e c t s  o f  a g r i c u l t u r a l  land use on e r o s i o n  
losses, r e s u l t s  presented i n  Table 4 and - i g u r e  5 i n d i c a t e  t h a t  maximum 
p o t e n t i a l  sheet e r o s i o n  losses ( > 6 . 5  ton/ha/yr)  occur  i n  those crops 
( h o r t i c u l t u r a l ,  beans, and cont inuous corn)  t h a t  have the l e a s t  s o i l  
cover d u r i n g  the growing season. i n  t h e  s o i l  loss equat ion  t h e  l a c k  of  
s o i l  cover i s  r e f l e c t e d  i n  a h i g h  C- fac tor  va lue.  Lcwest sheet e r o s i o n  
values (<0.5 ton/ha/yr)  have been determined f o r  permanent p a s t u r e  and 
woodlands, as these land uses p r o v i d e  s u f f i c i e n t  s o i l  cover. Crops grown 
i n  r o t a t i o n s  ( c o r n  and smal l  g r a i n s )  w i t h  a green cover c rop  r e s u l t  i n  
reduced p o t e n t i a l  e r o s i o n  losses as i n d i c a t e d  by t h e  f a c t  t h a t  a corn crop 
i n  r o t a t i o n  y i e l d s  45% less p o t e n t i a l  s o i l  e r o s i o n  than t h e  same corn crop 
grown cont inuous ly  (Table 3 ) .  The cover  crop i s  b e l i e v e d  t o  reduce e r o s i o n  
losses bo th  by a f f o r d i n g  p r o t e c t i o n  f r o m  r a i n f a l l  energy and b y  improving 
o r g a n i c  m a t t e r  l e v e l s  and s o i l  s t r u c t u r e .  The somewhat lower e r o s i o n  v a l u e  
(3.5 ton/ha/yr)  f o r  tobacco (Table 4 ) ,  a row c r o p ,  i s  e x p l a i n e d  by t h e  f a c t  
t h a t  t h i s  crop i s  g e n e r a l l y  grown on s l i g h t l y  e r o d i b l e  loamy sand and sandy 
loam s o i l s  on l e v e l  t o  g e n t l y  s l o p i n g  landscapes. The h i g h  va lue  fo r  beans 
c o u l d  a l s o  be a t t r i b u t e d  t o  t h e  f a c t  t h a t  they a r e  o f t e n  grown on h i g h l y  
e r o d i b l e  f i n e - t e x t u r e d  c l a y  l'oam and c l a y  s o i l s .  A l l  o t h e r  crops a r e  g r w n  
on t h e  f u l l  range of soi  1 t e x t u r e s  and topographies present  i n  the water -  

n 
corn 

sheds s t u d i e d  as evidenced by t h e  range va lues o f  Tab 
c ropp ing  p r a c t i c e s  i n  a p a r t i c u l a r  area,  e.g. growing 
a t  t h e  c o s t  of small g r a i n s  and hay-pasture, r e s u l t s  
h i g h e r  l e v e l s  o f  s o i l  e r o s i o n .  

e 4. A change 
more cont inuous 
n s i g n i f i c a n t l y  
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Resu l ts  o f  t h e  1976 p r e d i c t e d  e r o s i o n  losses have been compared 
w i t h  t h e  long-term average annual losses (F igure  5 ) .  The long-term average 
annual va lue  o f  r a i n f a l l  e r o s i o n  "R" f o r  the  1 1  a g r i c u l t u r a l  watersheds i s  
66. For 1976, t h e  average annual R f o r  the 1 1  watersheds i s  130, almost 
two t imes h igher .  Th is  1976 r a i n f a l l  R va lue  e x p l a i n s  t h e  h i g h e r  p o t e n t i a l  
sheet and r i l l  e r o s i o n  losses f o r  1976 ( F i g u r e  5 ) .  However, t h e  c o n t r i b u t i o n  
f rom snowmelt accounts f o r  l O - l 5 %  o f  t h e  inc rease i n  s o i l  e r o s i o n  d u r i n g  1976 
compared w i t h  t h e  long-term values. 
h i g h  r a i n f a l l  i n  1976 dur ing  t h e  months o f  J u l y  and August (Appendix 2) 
(e.g. on August 13 and 14, 121 mm f e l l  w i t h i n  27 hours,  f rom which 70 mm 
f e l l  i n  a two hour  p e r i o d ) ;  hence the very  h i g h  p o t e n t i a l  s o i l  loss f o r  
t h i s  watershed. 
d i s t r i b u t i o n  o f  r a i n f a l l ,  s p e c i f i c  year  s o i l  losses (1976) can be h i g h l y  
v a r i a b l e  i n  p lace  and t ime.  Such v a r i a b i l i t y  can s i g n i f i c a n t l y  i n f l u e n c e  
t h e  r e l a t i v e  rank ing  o f  watersheds compared t o  a rank ing  f o r  long-term 
p r e d i c t e d  s o i  1 losses. 

Ho l iday  Creek (AG-5) had an ext remely 

I t  i s  apparent f rom F i g u r e  5 t h a t  due t o  t h e  v a r i a b l e  

The temporal  aspect o f  soi l  e r o s i o n  on a g r i c u l t u r a l  lands, d e p i c t e d  
i n  F i g u r e  6 c l e a r l y  demonstrates t h a t  t h e  average so i l  eros ion  losses f o r  
the 6 watersheds a r e  n o t  e q u a l l y  d i s t r i b u t e d  o v e r  t h e  year.  The temporal 
p i c t u r e  o f  p o t e n t i a l  e r o s i o n  i s  one f o r  which s o i l  l o s s  d u r i n g  the  summer 
months i s  h i g h e s t .  For a c l e a r e r  p e r s p e c t i v e ,  t h e  monthly d i s t r i b u t i o n s  o f  
r a i n f a l l  "R" values, expressed as a percentage o f  t h e  y e a r l y  va lue,  a r e  
presented i n  F i g u r e  7 f o r  bo th  t h e  1976 and t h e  long-term "R". The 1976 
"R" d i s t r i b u t i o n ,  s i m i l a r  t o  t h e  long-term d i s t r i b u t i o n ,  i n d i c a t e s  t h a t  
most (65%) o f  t h e  annual "R" occurs d u r i n g  t h e  h i g h  r a i n f a l l  i n t e n s i t y  summer 
p e r i o d  o f  May-August. Despi te  a g e n e r a l l y  good p r o t e c t i v e  crop cover d u r i n g  
t h i s  p e r i o d ,  t h e  d i s t r i b u t i o n  o f  average 1976 s o i  1 e r o s i o n  losses f o l l o w s  
the  same p a t t e r n  o f  t h e  "R" va lues  w i t h  o v e r  h a l f  o f  t h e  y e a r l y  p o t e n t i a l  
s o i l  l o s s  o c c u r r i n g  d u r i n g  the summer p e r i o d  ( F i g u r e  6 ) .  I n  o t h e r  words, 
t h e  e r o s i v e  r a i n f a l l  values a r e  w e l l  c o r r e l a t e d  w i t h  t h e  s o i l  e r o s i o n  values. 
R a i n f a l l  data,  such as the ones d e p i c t e d  i n  F i g u r e  7, may a l s o  e x p l a i n  the 
usual l y  h i g h  1976 s o i l  losses d u r i n g  the w i n t e r  p e r i o d  January-Apri 1, i n  
which 36% of  the annual s o i l  loss  took  p lace  ( F i g u r e  6 ) .  Dur ing t h i s  1976 
w i n t e r  p e r i o d ,  I IR"  accounted f o r  25% o f  the y e a r l y  va lue  compared w i t h  o n l y  
10% f o r  an average year  ( F i g u r e  7 ) .  Th is  c o u l d  a l s o  b e  a reason f o r  h i g h  
1976 measured f l u v i a l  suspended sediment loads for t h e  watersheds d u r i n g  
t h e  same per iod ,  as w i l l  be discussed i n  Chapter 4. 

3.5 Concl us ions 

From t h i s  chapter ,  t h e  f o l l o w i n g  conclus ions can be drawn: 

- A g r i c u l t u r a l  watersheds w i t h  r e l a t i v e l y  medium t o  h i g h  p o t e n t i a l  s o i l  
loss (AG-I, AG-3, AG-5, AG-13)  i n c l u d e  i n t e n s i v e l y  farmed a g r i c u l t u r a l  
regions d i e r e  a h i g h  percentage o f  t h e  crops grown a r e  row crops 
( h o r t  i c u l  t u r a  1 crops, beans, cont inuous corn) . The remainder o f  t h e  
a g r i c u l t u r a l  watersheds w i t h  a medium t o  1m p o t e n t i a l  f o r  sheet 
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e r o s i o n  losses are found i n  n o n - i n t e n s i v e l y  farmed r e g i o n s  w i t h  
ma in ly  l i v e s t o c k  opera t ions ,  where most crops a r e  grown i n  a 
r o t a t i o n  w i t h  one or more years  o f  hay-pasture. 

- Rw crops ( i n c l u d i n g  h o r t i c u l t u r a l  crops, beans and cont inuous corn) 
have t h e  ' p o t e n t i a l  t o  cause more than twice as much so i  1 l oss  as 
crops grown i n  r o t a t i o n  w i t h  a green cover c rop  (such a s  corn,  smal l  
g r a i n s ,  tobacco and meadow). L w e s t  sheet e r o s i o n  losses may be 
expected t o  occur  o n  permanent pas ture  and woodlands, amounting t o  
l e s s  than 0.5 ton/ha/yr.  

- Soi 1 e r o s i o n  losses i n  1976 were computed to  be h i g h e r  than longterm 
average annual s o i l  losses because o f  h i g h e r  than average r a i n f a l l  
energy i n  1976. 

- S o i l  e r o s i o n  losses a r e  n o t  e q u a l l y  d i s t r i b u t e d  over  the  year. The 
temporal p i c t u r e  o f  p o t e n t i a l  so i  1 e r o s i o n  i s  one f o r  which so i  1 
losses d u r i n g  t h e  summer months are  h ighes t .  I n  p a r t i c u l a r ,  t h e  h i g h  
i n t e n s i t y  r a i n f a l l  events  t h a t  occur  dur ing  t h e  months o f  June, J u l y  
and August account fo r  almost h a l f  t h e  t o t a l  annual e r o s i o n  p o t e n t i a l .  

- ' T h e  1976 r a i n f a l l  "R" d i s t r i b u t i o n ,  s i m i l a r  t o  the long-term d i s t r i -  
b u t i o n ,  i n d i c a t e s  t h a t  most ( 65%) o f  t h e  annual "R" occurs dur ing  
the  h i g h  r a i n f a l l  i n t e n s i t y  p e r i o d  o f  May-August. Dur ing the 1976 
w i n t e r  p e r i o d  ( J a n u a r y - A p r i l ) ,  however, "R" accounts f o r  25% o f  the  
y e a r l y  v a l u e  compared w i t h  o n l y  10% f o r  an average year .  
l i k e l y  t o  have an e f f e c t  on the 1976 measured f l u v i a l  suspended 
sediment loads f o r  t h e  1 1  watersheds. 

T h i s  i s  

- Long-term average annual sheet e r o s i o n  losses a r e  n o t  as h i g h  as 
values c a l c u l a t e d  f o r  the Centra l  Un i ted  States.  The lower  es t imates  
a r e  main ly  due t o  the  r e l a t i v e l y  l a  r a i n f a l l  "R" values ( 100) i n  
Southern O n t a r i o  compared t o  t h e  h i g h e r  r a i n f a l l  "R" va lues (175-300) 
i n  t h e  Cent ra l  U.S.A. (Wischmeier and S m i t h ,  1965). 

- Unless the  e f f i c i e n c y  o f  t r a n s p o r t  o f  s o i l  m a t e r i a l s  f rom the  l a n d  
base t o  the stream system i s  kncwn, p o t e n t i a l  s o i l  e r o s i o n  losses 
a r e  n o t  n e c e s s a r i l y  i n d i c a t i o n s  o f  sediment y i e l d  t o  the streams. 

2 4  
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4.0 MEASURED FLUVIAL SEDIMENT LOSSES 
FROM AGRICULTURAL LAND 

4.1 I n t r o d u c t i o n  

The o b j e c t i v e  o f  t h i s  chapter  i s  t o  descr ibe  t h e  s p a t i a l  and 
temporal d i s t r i b u t i o n  o f  suspended sediment loads measured i n  t h e  1 1  
a g r i c u l t u r a l  watersheds. Suspended sediment l o a d  da ta  were made avai  l a b l e  
by t h e  O n t a r i o  M i n i s t r y  o f  the  Environment ( P r o j e c t  #2a) as p a r t  o f  t h e  
PLUARG M o n i t o r i n g  Studies.  

Monthly and seasonal suspended sediment loads have been determined 
as w e l l  as t h e  importance o f  extreme storm events  r e l a t i v e  to annual 
sediment load values. 

Data on measured suspended sediment loads presented i n  t h i s  
chapter  have a l s o  been used f o r  the c o n s i d e r a t i o n  o f  sediment d e l i v e r y  
r a t i o ! ;  (Chapter 5 ) ,  sediment l o a d  p r e d i c t i o n  models (Chapter 6 )  and 
e x t r a p o l a t i o n  purposes (Chapter 9 ) .  

4.2 Data C o l l e c t  i o n  Methods 

As p a r t  o f  the PLUARG M o n i t o r i n g  Studies,  Phase I ,  the O n t a r i o  
M i n i s t r y  o f  t h e  Environment co l  l e c t e d  s t reamf low data  and suspended sediment 
concent ra t ions  from stream samples for 1 1  a g r i c u l t u r a l  watersheds i n  
southern Ontar io  f o r  the  p e r i o d  from Spr ing  1975 through Spr ing  1977 
( P r o j e c t  #2a).  From t h i s  i n f o r m a t i o n ,  f l u v i a l  suspended sediment loads 
were c a l c u l a t e d  by t h e  f o l l m i n g  f o u r  methods: 

- Hydrograph i n t e g r a t i o n  ( P o r t e r f i e l d ,  1972) 

- Naquadat (Demayo g Hunt, 1975) 

- Beale r a t i o  e s t i m a t o r  (PLUARG, Q u a l i t y  Cont ro l  Handbook, 1976, 
I .  J. C., Windsor) 

- M.O.E. regress ion  (Onn, e t  a l ,  1978) -- 
I n  a d d i t i o n ,  stream f lm data  and sediment concent ra t ions  were 

c o l l e c t e d  d u r i n g  1976 f o r  4 subbasins i n  the AG-4 and AG-5 watersheds 
( P r o j e c t  #17).  Sediment loads were computed for  these subbasins by the 
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Hydrograph I n t e g r a t i o n  Method. 
i nc luded  i n  F igu res  11 and 12 

The l o c a t i o n s  o f  these subbasi ns a r e  
o f  Chapter 6. 

Monthly suspended sediment loads were computed f o r  1976 f o r  t h e  
11 a g r i c u l t u r a l  watersheds by t h e  Naquadat Method and f o r  t he  4 subbasins 
by t h e  I n t e g r a t i o n  Method. 
sediment 

Seasonal loads, based on t h e  monthly suspended 
l o a d  data, were a l so  determined. 

The impor tance o f  extreme storm events i n  comparison t o  annual 
An extreme va lue  a n a l y s i s  of 

prepared by F i s h e r i e s  and 

sediment loads  has a l so  been inves t i ga ted .  
sediment l oad  da ta  f o r  southern On ta r io  r i v e r s  (conta ined i n  p u b l i c a t i o n s  
e n t i t l e d  Sediment Data i n  Canadian R ivers  and 
Envi ronment Canada) and d u r a t i o n  curve  ana lys i  s o f  loads  f o r  these r i v e r s  
and t h e  PLUARG watersheds served as t h e  base s tud ies.  

4.3 Experimental Resul ts  

The 1976 sediment loads  computed by t h e  f o u r  methods noted above 
a r e  presented i n  F i g u r e  8. 
t o  the  e s t i m a t i o n  o f  suspended sediment l oads  produced q u i t e  d i f f e r e n t  
resu l t s ,  f u r t h e r  a n a l y s i s  was conducted i n  t h i s  regard. D e t a i l e d  a n a l y s i s  
has revea led  t h a t  t h e  hydrograph i n t e g r a t i o n  method and t h e  Naquadat Method 
bes t  r e f  1 ec t the  observed suspended sediment 1 oad condi  t i  ons (Appendi x 3). 
I n  add i t i on ,  i t  was found t h a t  bo th  methods present  the  most  r e l i a b l e  
r e l a t i v e  rank ings o f  t h e  watersheds. Consequently, data a n a l y s i s  and 
i n t e r p r e t a t i o n  o f  r e s u l t s  have been based on these two methods on ly .  When 
t h e  watersheds a r e  c l a s s i f i e d  i n t o  th ree  sediment load ca tegor ies  accord ing 
t o  t h e  i n t e g r a t i o n  and Naquadat approaches, AG-1 has an average annual un i t  
area l o a d i n g  o f  900 kg/ha; AG-3, 4, 5 ,  10 and 13 have averages 
o f  350 kg/ha; and AG-2, 14, 6, 7 and 11 have averages of about 80 kg/ha f o r  
1976 l o a d  da ta  ( F i g u r e  8). 
of r u r a l  l and  and may i n c l u d e  b o t h  c rop land and streambank components. 

Since t h e  Beale and Naquadat Methods when a p p l i e d  

i n  t h e  o rde r  

The average u n i t  area l oad ings  a r e  rep resen ta t i ve  

The u n i t  area l oads  cons ide r  t h e  t o t a l  l o a d  t o  be appor t ioned 
e q u a l l y  over  t h e  area o f  t he  watershed. The r e s u l t  i s  a general  average u n i t  
area l o a d  f o r  the p a r t i c u l a r  a g r i c u l t u r a l  ' ' landscape" which i s  represented 
by each of t h e  a g r i c u l t u r a l  watersheds. I t  i s  t h e  n e t  e f f e c t  o f  s o i l  type, 
c l i m a t i c  zone, combinat ion o f  crops grown w i t h  o r  w i thou t  assoc ia ted  l i v e -  
s tock  en terpr ises ,  etc.  and g ives  an approx imat ion of t he  average a g r i c u l t -  
u r a l  c o n t r i b u t i o n .  These u n i t  area l oad ings  a l s o  i n c l u d e  such nonagr icu l  t- 
u r a l  i n t e r f e r e n c e s  as p r i v a t e  waste d isposa l  , highways, f o r e s t r y ,  e tc .  which 
occur  w i t h i n  a g r i c u l t u r a l  areas bu t  which cannot be r e a d i l y  separated as t o  
p o l l u t a n t  loadso 

Monthly 1976 un i t  area loads  (Naquadat Method) f o r  t h e  1 1  a g r i c u l t -  
u r a l  watersheds a r e  presented i n  Appendix 4. 
sediment loads have been e x t r a c t e d  f rom t h i s  data set  t o  reveal  t h e  temporal 
d i s t r i b u t i o n  presented i n  F i g u r e  9. I t  i s ,  apparent f rom t h i s  d i s t r i b u t i o n  
t h a t  most (75%) o f  t h e  t o t a l  annual suspended sediment l o a d  leaves t h e  mouths 
o f  t h e  watersheds d u r i n g  t h e  months o f  February through A p r i l .  Th i s  temporal 

The average monthly suspended 
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p a t t e r n  c l o s e l y  p a r a l l e l s  t h e  seasonal d i s t r i b u t i o n  of f l o o d  occurrences i n  
southern On ta r io  and has been conf i rmed f o r  many r i v e r s  d r a i n i n g  l a r g e r  
watersheds i n  t h e  Great Lakes Bas in  (D ick inson et al, 1975). 

Seasonal loads  have been determined w i t h  t h e  Naquadat approach 
and Beale r a t i o  es t imates  f o r  t he  per iods :  1. "dormant, c o l d  - warming" - 
t o  i n c l u d e  t h e  l a t t e r  p a r t  o f  w i n t e r  and sp r ing  thaw, approx imate ly  January 
through A p r i l  i n  southern Ontar io ;  11. " a c t i v e  growing" - t o  i n c l u d e  the  
a c t i v e  growth p e r i o d  from May through August; and 111. "dormant - c o o l i n g  - co ld"  - t o  i n c l u d e  t h a t  t ime when l i t t l e  growth and r a t h e r  
occurs. 
o f  sediment l o a d  computat ion (Tab le  6). 

l i t t l e  r u n o f f  
The seasonal l oad ings  appear t o  be about t h e  same f o r  bo th  methods 

Monthly suspended sediment loads f o r  about two years of measure- 
ments have been c a l c u l a t e d  by t h e  Naquadat Method and a r e  presented f o r  t h e  
1 1  a g r i c u l t u r a l  watersheds i n  Appendix 5 and 6. Average annual sediment 
loads  computed f rom t h e  da ta  o f  Appendix 5 were used f o r  data a n a l y s i s  and 
i n t e r p r e t a t i o n s  i n  Chapter 5 ( D e l i v e r y  r a t i o s ) .  Also, monthly suspended 
sediment loads  f o r  4 subbasins i n  AG-4 and AG-5 (Appendix 4) w i l l  be used 
i n  t h e  next  Chapter 5. 

4.4 Data Anal y s i  s, I n t e r p r e t a t i o n  and Conclusions 

Sediment y i e l d s  f o r  r u r a l  watersheds i n  Southern On ta r io  range 

The cause o f  t h e  observed v a r i a t i o n s  among watersheds 

For  example, some areas w i t h  h i g h l y  e r o d i b l e  s o i l s  and e ros ion  

f rom 100 t o  1000 kg/ha/yr (when computed by t h e  Hydrograph I n t e g r a t i o n  and 
Naquadat Methods). 
can be r e l a t e d  t o  s o i l  and land use f a c t o r s  as w e l l  as watershed t r a n s p o r t  
capac i ty .  
s e n s i t i v e  l a n d  uses (corn)  do n o t  always r e f l e c t  h i g h  sediment l oad ing  r a t e s  
(AG-3, AG-7, AG-13). 
b u f f e r i n g  ( w i t h  grass o r  t rees)  o r  stream channel d e n s i t y  a l s o  have a l a r g e  
e f fec t  on de termin ing  u n i t  area sediment l oad ings  and i n  many cases appear 
more s i g n i f i c a n t  than s o i l  e r o d i b i l i t y  and c ropp ing  fac to rs .  

Watershed t r a n s p o r t  f a c t o r s  such as stream channel 

A1 though t h e  r e l a t i v e  suspended sediment l oad ings  f rom t h e  land 
uses i n  t h e  1 1  a g r i c u l t u r a l  watersheds a r e  n o t  ava i l ab le ,  t h e  research f i e l d  
observa t ions  have revealed t h a t  t h e  bulk o f  t h e  1976 load  emanates f rom 
cropland. Fur ther ,  a g r i c u l t u r a l  p r a c t i c e s  which l eave  t h e  soi  1 r e l a t i v e  
ba re  du r ing  t h e  s n o w e l t  and s p r i n g  runo f f  p e r i o d  c o n t r i b u t e  h e a v i l y  t o  
suspended sediment loads. 

Y 

Since sediment p roduc t i on  f rom grass lands and woodlands i s m i n  mal, 
the  p r imary  sources of  sediments i n  the  a g r i c u l t u r a l  watersheds a r e  crop-  
lands and streambanks. 
ment l oads  (Naquadat Method) have been p a r t i t i o n e d  i n t o  streambank and 
c rop land e ros ion  components (Tab le  7). 
been made by Knap (1978). 
stream has been assumed t o  i n c l u d e  the  s i l t  and c l a y  f r a c t i o n  o f  t h e  eroded 

To q u a n t i f y  these two sources, 1976 watershed sedi -  

Streambank e ros ion  est imates have 
The amount o f  bank eros ion  t ranspor ted  down- 



TABLE 6:  Seasonal D i s t r i b u t i o n  of A v e r a g e  S e d i m e n t  Loadings 
f o r  A g r i c u l t u r a l  Watersheds 

PROPORTION % 

METHOD OF SEDIMENT NLJFBER OF J A N . - A P R I L  
LOAD COMF'UTAT I O N  WATERSHEDS I 

MAY-AUGUST 
I1 

S E P T  . -DEC . 
I11 

N a q u a d a  t 11 

B e a l e  R a t i o  E s t i m a t o r  1 0  
(AG-11 
missing) 

7 7  

76 

2 1  

20 

2 

4 

31 



Tab le  7: P a r t i t i o n i n g  o f  1976 Measured Suspended Sediment Loads i n  Streambank and Cropland Eros ion  Components 

1976 STREAMBANK NET STREAMBANK AS CROPLAND AS PROPORTION 
WAT ERSHE D 1976 SEDIMENT LOADS E RO SI ON EST1 MAT E S PROPORTION OF TOTAL OF TOTAL SEDIMENT LOAD 

SEDIMENT LOAD (%) ( l o o - %  STREAMBANK) ( kg/ha/y r )  ( kg/ha/y r )  
N ET TOTAL 

AG-1 

AG-2 

AG- 3 

AG-4 

AG-5 
N 

AG-6 

AG-7 

AG-10 

AG-1 1 3  

AG-13 

AG-14 

Y98 

140 

2 58 

41 9 

351 

64 

43 

37 5 

19 

31 0 

135 

22 3 

10 

24 

137 

5 

10 

7 

17 

65 

41 

75 

286 

204 

29 

241 

10 

14' 

18'+ 

18 

93 

564 

944 

22 

7 

9 

33 

15 

16 

16 

5 

-- 
13 

78 

93 

91 

67 

85 

84 

84 

95 

87 

I U s i n g  Naquadat Method of sediment load computat ion 
Knap (1978) PLUARG Pro ject ,  Task C, A c t i v i t y  #6, I . J , C . ,  Windsor 
Problems w i t h  s t reamf low measurements account f o r  t h e  v e r y  low sediment l o a d  

' Est imates f o r  o r i g i n a l  se lec ted  watersheds, before r e l o c a t i o n  
Values used i n  Chapter 5 f o r  d e l i v e r y  r a t i o  computat ions 



m a t e r i a l  and i s  expressed as a percentage o f  t h e  1976 measured sediment 
loads (Table 7 ) .  I t  i s  e v i d e n t  t h a t  sheet and r i l l  e r o s i o n  from cropland 
c o n t r i b u t e  the l a r g e s t  percentage o f  the  sediment (70- loo%),  w h i l e  the  
bank eros ion  c o n t r i b u t e s  between 0 and 30 percent  (Table 7 ) .  

Suspended sediments a r e  n o t  t r a n s p o r t e d  from r u r a l  land  u n i f o r m l y  
throughout the year .  F igure  9 i 1 l u s t r a t e s  the  month ly  d i s t r i b u t i o n  o f  
sediment loads from r u r a l  lands i n  Southern O n t a r i o  f o r  1976 data.  About 
75% o f  the annual suspended sediment load i s  t ranspor ted  i n  February, March 
and A p r i l .  These months a r e  c h a r a c t e r i z e d  by s a t u r a t e d  s o i l s ,  lm r a i n f a l l  
energy and snowmelt events. Streambank e r o s i o n  has a l s o  been observed to 
be maximum i n  the February-March-Apri 1 t ime per iod .  

The f a l l  p e r i o d  i s  c h a r a c t e r i z e d  b y  v e r y  low sediment movement i n  
t h e  order  o f  2-4% o f  t h e  t o t a l  y e a r l y  sediment load ( F i g u r e  9 ) .  High energy 
r a i n f a l l  events  t h a t  occur  i n  the summer months can cause h i g h  o n - s i t e  
sheet e r o s i o n  losses b u t  because the so i  1s are g e n e r a l l y  n o t  water -sa tura ted  
a t  t h i s  t ime o f  the  year,  i n f i l t r a t i o n  of water i s  enhanced and t h e  t r a n s -  
p o r t  o f  eroded sediments i s  minimized. However, d u r i n g  1976, about 20% of 
the y e a r l y  watershed sediment load was measured t o  leave smal l  a g r i c u l t u r a l  
watersheds d u r i n g  t h e  summer p e r i o d  (Table 6 ) .  T h i s  r a t h e r  h i g h  percentage 
was caused by a r e l a t i v e l y  wet summer w i t h  f requent  ra ins to rm a c t i v i t i e s  
(Appendix 3 ) .  

Examinat ion o f  t h e  temporal suspended sediment p a t t e r n  i n  the  
a g r i c u l t u r a l  watersheds i n  r e l a t i o n  t o  p a t t e r n s  i n  the l a r g e r  Southern 
O n t a r i o  watersheds r e f e r r e d  t o  b y  Dick inson,  e t  a l .  1975, revea ls  a number 
of observa t ions  regard ing  t h e  r o l e  o f  extreme events. F i f t y  percent  o f  
the suspended sediment load i s  t r a n s p o r t e d  i n  less  than f i v e  percent  o f  the 
t ime;  and e i g h t y  percent  o f  t h e  load i s  t r a n s p o r t e d  i n  l e s s  than 10 percent 
o f  t h e  t ime. F u r t h e r ,  severe r u n o f f  events  can f l u s h  as much o r  more 
suspended m a t e r i a l  o u t  o f  t h e  watersheds i n  a fm days than i s  moved through 
the systems d u r i n g  an average year. For  example, a suspended sediment storm 
event  o f  ten  year  r e t u r n  p e r i o d  ( i . e .  the average p e r i o d  o f  t ime between 
events  of sediment load equal  t o  or g r e a t e r  than the s p e c i f i e d  storm event 
load i s  ten years) can be expected t o  c o n t r i b u t e  approx imate ly  th ree  t imes 
t h e  average annual load; t h e  f i f t y  year event c o n t r i b u t e s  approx imate ly  ten 
t imes the average annual load; and the one hundred year event  c o n t r i b u t e s  
s ix teen t imes t h e  annual load. These f i g u r e s  revea l  t h a t ,  the suspended 
sediment loading c o n t r i b u t e d  to the lakes by events  e x h i b i t i n g  r e t u r n  p e r i o d s  
o f  l e s s  than 10 years i s  approx imate ly  e q u i v a l e n t  t o  the load ing  c o n t r i b u t e d  
b y  events  w i t h  r e t u r n  per iods  between 10 and 100 years. These r e s u l t s  have 
impor tant  imp1 i c a t  ions f o r  t h e  c o n s i d e r a t i o n  o f  remedial measures. 

-- 

33 



5. 1 I n t r o d u c t i o n  

Stream sediment loads are  dependent b o t h  on  gross  e r o s i o n  i n  t h e  
watershed and on t h e  t r a n s p o r t  c a p a c i t y  o f  the watershed. 
a p a r t  o f  t h e  m a t e r i a l  eroded f rom upland areas i n  a watershed (gross 
s o i l  e ros ion)  i s  c a r r i e d  o u t  o f  the  watershed by streams. A v a r i a b l e  
p r o p o r t i o n  o f  the eroded m a t e r i a l s  may be deposi ted d u r i n g  the t r a n s p o r t  
phase o f  t h e  s o i  1 e r o s i o n  process. 
sediment y i e l d  and t h e  annual gross e r o s i o n  has o f t e n  been expressed as 
t h e  sediment d e l i v e r y  r a t i o .  The g r e a t e r  t h i s  sediment d e l i v e r y  r a t i o  
(D.R.) f o r  any g i v e n  watershed, the  g r e a t e r  i s  t h e  sediment y i e l d  and the 
l e s s  i s  t h e  amount o f  eroded m a t e r i a l  deposi ted w i t h i n  t h e  watershed. 
The d e l i v e r y  o f  m a t e r i a l s  from p o i n t  o f  o r i g i n  (e.g. t h e  f i e l d  sur face)  
t o  the  stream i s  h i g h l y  v a r i a b l e .  

Genera l ly  o n l y  

The r e l a t i o n s h i p  between annual 

The o b j e c t i v e  of t h i s  chapter  i s  t o  p resent  and d iscuss sediment 
d e l i v e r y  r a t i o s  f o r  the eleven a g r i c u l t u r a l  watersheds i n  Southern O n t a r i o  
and f o r  some s e l e c t e d  subwatersheds i n  AG-4 and AG-5. I n f o r m a t i o n  from the  
prev ious  two chapters  on e r o s i o n  losses (Chapter 3) and on measured suspended 
sediment loads (Chapter 4) has been used f o r  t h e  computation of  1976 and 
average annual d e l i v e r y  r a t i o s .  Month ly  and seasonal d e l i v e r y  r a t i o s  a r e  
a l s o  i n v e s t i g a t e d .  Computed watershed d e l i v e r y  r a t i o s  a r e  compared w i t h  
pub l i shed d e l i v e r y  r a t i o s  based on drainage bas in  s i z e .  
p u b l i s h e d  d e l i v e r y  r a t i o s  a r e  used i n  Chapter 6 f o r  sediment load p r e d i c t i o n  
pu rposes. 

Both  computed and 

5.2 Data C o l l e c t i o n  Methods 

Watershed sediment d e l i v e r y  r a t i o s  can be expressed by t h e  
r e  l a  t ionsh i p  ; 

D e l i v e r y  r a t i o  (D.R.) = Sediment load/Gross eros ion  

Gross e r o s i o n  i s  the  sum of a l l  d i f f e r e n t  sources o f  e ros ion  
t a k i n g  p l a c e  i n  t h e  watershed and may inc lude sheet and r i l l  e ros ion ,  g u l l y  
e ros ion ,  streambank eros ion ,  roadside e r o s i o n  and f l o o d  p l a i n  scour. I t  
has been i n d i c a t e d  p r e v i o u s l y  i n  Chapter 4 t h a t  the  two major  sources o f  
e r o s i o n  producing sediments i n t o  the stream system o f  the  e leven a g r i c u l t u r a l  
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watersheds a r e  sheet and r i  1 1  eros ion  and streambank erosion. Consequently, 
these sources o f  e ros ion  have been considered t o  be t h e  gross e r o s i o n  
components f o r  sediment d e l i v e r y  r a t i o  computations. 

Watershed d e l i v e r y  r a t i o  computat ions were i n i t i a l l y  performed 
f o r  t h e  year  1976, s i n c e  o n l y  one year o f  r e l i a b l e  measured suspended 
sediment loads  was a v a i l a b l e .  Sediment loads  der ived  by t h e  Naquadat 
Method o f  computat ion were used i n  
computations. Sheet and r i l l  e r o s i o n  va lues  f o r  1976 ( f r o m  Chapter 3)  and 
streambank e r o s i o n  es t imates  f o r  t h e  a g r i c u l  t u r a l  watersheds (Knap, 1978; 
Table 7, Chapter 4) have been used t o  e s t i m a t e  d e l i v e r y  r a t i o s  by means of  
t h e  r e l a t i o n s h i p s :  

t h i s  and subsequent d e l i v e r y  r a t i o  

1976 D.R. = (1976 Sediment l o a d  - Streambank eros ion) /1976 Sheet 
and r i  11 eros ion.  

Streambank e r o s i o n  es t imates  have been based on t h e  assumption t h a t  the  f i n e  
f r a c t i o n  ( %  s i l t  + % c l a y )  o f  t h e  eroded m a t e r i a l  has been t r a n s p o r t e d  by 
t h e  stream, which i n  f a c t  represents  t h e  n e t  streambank c o n t r i b u t i o n .  There- 
f o r e ,  t h i s  streambank e r o s i o n  va lue  has been subt rac ted  from t h e  1976 sedi -  
ment load. 

I n  a d d i t i o n  t o  n e t  streambank e r o s i o n  est imates,  t o t a l  stream- 
bank e r o s i o n  va lues  a r e  a v a i l a b l e  (Knap, 1978; Table 7, Chapter 2 ) .  To- 
gether  w i t h  t h e  1976 sheet and r i l l  e r o s i o n  source, these va lues represent  
t h e  gross eros ion  component. With t h i s  second approach, 1976 watershed 
sediment d e l i v e r y  r a t i o s  have been computed by t h e  f o l l o w i n g  equat ion:  

1976 D.R. = 1976 Sediment Load /1976 Sheet and r i l l  e ros ion  + 
T o t a l  streambank eros ion)  

1 oad 
i n f o r  

A t  a l a t e r  s tage d u r i n g  t h i s  i n v e s t i g a t i o n ,  2 years of sediment 
(Naquadat Method) became avai  1 ab1 e (Appendix 6). 
.mation, average annual sheet and r i l l  e r o s i o n  losses  (Chapter 3) and 

I n  addi t i o n  t o  t h i  s 

t o t a l  streambank eros ion es t imates  were used t o  compute average annual 
watershed d e l i v e r y  r a t i o s  f o r  t h e  11 a g r i c u l t u r a l  watersheds by t h e  f o l l o w -  
i ng equat ion:  

Average annual D.R. = Mean sediment l o a d  /Average annual sheet 

eros ion)  
and r i l l  e r o s i o n  + T o t a l  streambank 

T h i s  l a s t  approach has a l s o  been a p p l i e d  t o  d e l i v e r y  r a t i o  computat ions f o r  
subbasins i n  t h e  Grand and Saugeen R ivers  (Chapter 9). 

Based on 1976 month ly  sheet and r i l l  e r o s i o n  es t imates  (Chapter 
3) and 1976 month ly  sediment l o a d  da ta  (Naquadat Method), monthly d e l i v e r y  
r a t i o s  have been computed f o r  AG-1, AG-3, AG-4, AG-5, AG-10, AG-13 watersheds 
and f o r  4 subbasins i n  AG-4 and AG-5. Monthly streambank e r o s i o n  es t imates  
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were n o t  a v a i l a b l e ;  and there fore ,  have 
t a t i o n s .  

n o t  been i n c l u d e d  i n  these 
The equat ion  used i s  o f  t h e  form: 

1976 Monthly D.R. = 1976 Monthly sediment Ioad/1976 Month 
sheet and r i l l  e r o s i o n  

compu- 

Y 

Monthly D.R. have been f u r t h e r  analysed f o r  seasonal t rends. 

Since t h e  a g r i c u l t u r a l  watersheds a r e  a l l  small  i n  comparison t o  
o t h e r  PLUARG watersheds and s ince  they a r e  e s s e n t i a l l y  f r e e  of lakes, dams 
and o t h e r  impoundments, i t  i s  reasonable t o  assume t h a t  d e l i v e r y  of con- 
s e r v a t i v e  m a t e r i a l  s through t h e  watershed stream systems i s r e l a t i v e l y  
complete (e.g. D e l i v e r y  r a t i o  = 1).  
stream system a r e  assumed t o  be 

In o t h e r  words, m a t e r i a l s  e n t e r i n g  t h e  
t r a n s p o r t e d  i n  f u l l  through t h e  watershed. 

5.3 Experimental Resul t s 

Resu l ts  o f  t h e  sediment d e l i v e r y  r a t i o  computat ions f o r  t h e  1 1  
a g r i c u l t u r a l  watersheds by t h r e e  d i f f e r e n t  approaches a r e  presented i n  
Table 8, column A, B and C, I n  most cases, small  d i f f e r e n c e s  i n  d e l i v e r y  
r a t i o s  a r e  found between t h e  t h r e e  methods o f  computations. 
d e l i v e r y  r a t i o s  (0-10%) have been determined f o r  AG-3, AG-5, AG-6, AG-7, 
AG-11, AG-13 and AG-14 watersheds. Medium d e l i  very  r a t i o s  ( 11 -20%) a r e  
shown f o r  AG-1, AG-2 and AG-4 watersheds and t h e  o n l y  b a s i n  w i t h  a r e l a t i v e  
h i g h  d e l i v e r y  r a t i o  (>20%) i s  AG-10. No no tab le  d i f fe rences  a r e  observed 

R e l a t i v e l y  low 

b e t  ween 

Table 8 
b a s i n  s 
(19711, 

A and B methods of computation. 

Publ ished d e l i v e r y  r a t i o s  from two sources a r e  a l s o  presented 
f o r  comparison purposes. Column D represents  D.R. based on d r a  

i n  
nage 

ze. 
but o r i g i n a l  l y  developed by Roehl (1962). 

T h i s  method i s  e x t e n s i v e l y  used by t h e  U n i t e d  Sta tes  S.C.S 
These pub1 i shed D.R. ha 

been f u r t h e r  mod i f ied  accord ing  t o  t h e  predominant s o i l  m a t e r i a l s  i n  t h e  
watershed (S.C.S., 1973b). The l a t t e r  se t  o f  pub l i shed D.R. i s  shown i n  
column E of Table 8. For most o f  t h e  watersheds, D.R. of column D a r e  

e 

higher than any of t he  computed ones, except f o r  bas ins  AG-2, AG-4 and AG- 0. 
The range of these pub l ished D.R. based on dra inage b a s i n  s i z e  i s smal l e s t  
(14-19%), but t h e  ones m o d i f i e d  f o r  s o i l  t e x t u r e s  (column E) have t h e  arges t  
range (7-38%) fo r  between watersheds. 

Resu l ts  o f  D.R. computat ions f o r  some subbasins of  AG-4 and 
a r e  presented be l  ow: 

AG-5 
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Table 8: Resu l ts  of Sediment D e l i v e r y  R a t i o  Computation Using D i f f e r e n t  Methods 
o f  Computation and Pub l i  shed D e l i v e r y  Rat ios  (%) 

Watershed Computed Pub1 i shed 

A B C D E 

AG- 1 

AG-2 

AG- 3 

AG-4 

AG- 5 

AG-6 

AG-7 

AG-10 

AG-11 

AG-13 

AG- 14 

Range 

9 

13 

1.7 

11 

1.4 

1.3 

0.6 

21 

--- 
2.4 

2.0 

0.6-21 

11 

14 

1.9 

14 

1.4 

1.5 

1.0 

21 

0.4 

3 

4 

0.4-2 1 

13 

15 

4 

21 

7 

1.6 

1.5 

26 

5 

3 

10 

1-5-26 

16 

14 

15 

19 

18 

15 

15 

18 

18 

19 

16 

14-19 

30 

7 

20 

23 

21 

19 

9 

37 

38 

10 

30 

7-38 

A: D.R. = 1976 sediment load, (Naquadat Method - Net streambank eros ion)  / 

B: D.R. = (1976 Sediment Load, Naquadat Method)/(t976 Sheet and r i  1 1  e r o s i o n  + 

C:  D.R. = 2 year mean sediment load, Naquadat Method/(Average annual sheet 

D: S.C.S. (1971) Based on  dra inage b a s i n  s i z e  
E: S.C.S. (1973) Based on dra inage b a s i n  s ize,  m o d i f i e d  f o r  s o i l  t e x t u r e  

1976 Sheet and r i l l  e r o s i o n  

T o t a l  streambank eros ion)  

and r i l l  e r o s i o n  + T o t a l  streambank eros ion)  
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A rea D e l i v e r y  Rat io  (%) 
Subbasin 7 ( k m  ) Computed Publ ished (S.C.S., 1973) 

W 2.7 
AG-4 

W 25.6 

H 7.4 

H 7.4 
AG- 5 

43 

21 

9 

10 

29 

19 

23 

23 

Resul ts  o f  monthly D,R. computed f o r  AG-1, AG-3, .AG-4, AG-5, AG-10 
and AG-13 and f o r  some subbasins o f  AG-4 and AG-5 watersheds a r e  presented 
i n  Table 9 .  
s p r i n g  p e r i o d  ( J a n u a r y - A p r i l ) .  

D e l i v e r y  o f  sediments t o  the  streams i s  h i g h e s t  d u r i n g  t h e  

5.4 Data Analysis,  I n t e r p r e t a t i o n  and Conclusions 

Resu l ts  o f  t h e  sediment D.R. computat ions have i n d i c a t e d  no n o t a b l e  
d i f f e r e n c e s  between methods A and B, based on 1976 da ta  (Tab le  8). 
based on 2 years  o f  sediment l o a d  da ta  (method C )  a r e  c o n s i s t e n t l y  h i g h e r  
than t h e  1976 values. 
va lues  however, a r e  small f o r  most watersheds. These d i f f e r e n c e s  a r e  caused 
by f a c t o r s  such as: 

The D.R. 

D i f f e r e n c e s  between 1976 and t h e  2 year  average D.R. 

(a )  lower  average 2 year  annual s o i l  losses  compared w i t h  t h e  
lower  1976 s o i l  l o s s  va lues  (Tab le  3, Chapter 3)  and ( b )  

average sediment loads  compared w i t h  t h e  1976 sediment l o a d  
data. 

The l a t t e r  i s  a l e s s  s i g n i f i c a n t  f a c t o r ,  

I n  most basins, streambank eros ion  c o n t r i b u t e s  l i t t l e  t o  t h e  
d e l i v e r y  r a t i o  computat ions by t h e  t h r e e  methods, s ince  i t  represents  a 
r e l a t i v e l y  small  p r o p o r t i o n  o f  t h e  t o t a l  sediment l o a d  (Tab le  7, Chapter 2). 
Except ions t o  t h i  s o b s e r v a t i o n  a r e  e v i d e n t  i n  AG-10 and AG-4 watersheds, 
where 22 and 33% r e s p e c t i v e l y  
t o  n e t  streambank e r o s i o n  (Tab le  7, Chapter 2). 

o f  t h e  1976 sediment l o a d  have been a t t r i b u t e d  

The reason f o r  v e r y  low 1976 D. R. va lues i n  AG-5 ( 1  .PA) i s t h e  
very  h i g h  p o t e n t i a l  sheet and r i l l  e r o s i o n  losses  f o r  t h i s  year ( 2 4  ton/ha), 
compared w i t h  a long- term average s o i l  l o s s  o f  3.7 ton/ha/yr. Hence, t h e  
h i g h e r  long- term D.B. o f  7%. The same reasons a r e  o f f e r e d  f o r  t h e  h i g h e r  
average D.R. i n  AG-3 and AG-14 (column C )  , 

O f  a l l  t h e  watersheds, t h e  h ighes t  D.R. va lues computed by a l l  3 
methods occur  f o r  AG-10 (>20%). 
r e l a t i v e  low sheet and r i l l  e r o s i o n  losses  d u r i n g  1976 (1746 kg/ha) and low 
1 ong- term annual 1 osses ( 1055 kg/ha) re1 a t i  v e  t o  suspended sediment 1 oads 
o f  375 kg/ha f o r  1976 and 

These va lues  a r e  probably  t h e  r e s u l t  of 

a 2 year  l o a d  o f  290 kg/ha/yr. 
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T a b l e g :  M o n t h l y  s e d i m e n t  d e l i v e r y  r a t i o s  f o r  1 9 7 6  i n  6 a g r i c u l t u r a l  w a t e r s h e d s  ( % >  

1 
M O N T H  AG- 1 A G - 3  AG-4 AG-5 AG-IO’  A G - U  

AG-4 AG-4 AG-5 AG-5 

J A N U A R Y  0 . 8  1 0 . 4  1 1 2  2 0 5 0 0 

FEBRUARY 1 1 4  6 7 7 9 2  7 0 26 0 1 

MARCH 5 5 80 1 29 6 1 4 0 2  5 7 4  9 1  1 6 3  

A P R I L  

MAY 

J U N E  

J U L Y  

AUGUST 
W 
\D 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DE C EM B E R 

1 

1 

1 

2 

0 

0 . 0 1  

0.01 

0 

0 

4 

0 . 6  

0 . 0 3  

1 

1 

0 . 0 4  

0 . 2  

0 

0 

3 

4 

0 . 4  

2 

0 

1 

6 

0 

0 

0 . 2  4 2  

0 . 5  3 9  

0 . 0 3  0 . 1  

2 3 

2 3 

0 . 0 4  1 

0 . 1  4 

4 0 

0 6 

5 

2 

0 . 3  

0 . 0 3  

0 

0 . 0 4  

0 . 2  

0 . 1  

0 

9 0  8 6  

0 7 

0 1 

0 1 

0 0 

0 1 

0 2 

0 2 

0 0 

1 2 

1 1 

0 0 

9 1 9  

3 9  26 

1 1 

0 0 

1 1 

0 1 

YEAR ( 1 9 7 6 )  9 1 . 7  11 1 . 4  2 1  2 . 4  4 3  2 1  9 1 0  

1 9 7 6  S e d i m e n t  l o a d  ( N a q u a d a t  m e t h o d ,  A p p e n d i x  4) 
1 9 7 6  S h e e t  a n d  r i l l  e r o s i o n  losses ( C h a p t e r  1 )  ’ D . R .  = 

1 9 7 6  S e d i m e n t  l o a d  ( I n t e g r a t i o n  m e t h o d ,  A p p e n d i x  4 )  
1 9 7 6  S h e e t  a n d  r i l l  e r o s i o n  l o s s e s  ( C h a p t e r  1) D . R .  = 
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Since t h e  computations o f  average annual watershed sediment 
d e l i v e r y  r a t i o s  (column C) are based on more s u b s t a n t i a l  data than the 1976 
D.R., the former D.R. are p r e f e r r e d .  Hawever, l i m i t a t i o n s  o f  us ing  o n l y  
2 years o f  measured suspended sediment load data f o r  D.R. computations 
shou ld  be recognized. S i n g l e  year  d e l i v e r y  r a t i o s  (e.g. 1976) can be h i g h l y  
v a r i a b l e  and can dev ia te  s i g n i f i c a n t l y  from average annual D.R. (Table 8) .  
Hence, they are  n o t  use fu l  f o r  sediment l o a d  p r e d i c t i o n  purposes. 

Pub l ished D.R.  i n  column D o f  Table 8 were o r i g i n a l l y  computed f o r  
many dra inage bas ins  i n  the  south-east  p a r t  of  t h e  U n i t e d  Sta tes  i n  5 major  
phys iograph ic  areas (Roehl, 1962). The D.R. were p l o t t e d  as a f u n c t i o n  of  
dra inage area, decreasing s l i g h t l y  w i t h  i n c r e a s i n g  drainage area (Roehl, 1962). 
For most o f  the a g r i c u l t u r a l  watersheds, pub l i shed D.R. i n  column D a re  
h i g h e r  than the long-term computed ones i n  column C, except  f o r  AG-2, AG-4 
and A G - I O .  

Pub l i shed D.R. a r e  about  an o r d e r  o f  magnitude h i g h e r  (15%) f o r  
AG-6 and A G - 7  compared w i t h  computed average annual D.R. o f  1.6 and 1.5% 
r e s p e c t i v e l y .  D e l i v e r y  r a t i o s  o f  column D, m o d i f i e d  f o r  s o i l  t e x t u r e  
(column E ) ,  cause even l a r g e r  d i f f e r e n c e s  between computed and pub l ished 
D.K. except  f o r  bas ins  w i t h  sandy s o i l s ,  l i k e  AG-2, AG-7 and AG-13. 

The computed average annual watershed sediment D.R. (column C ) ,  
the l i n e  o f  b e s t  f i t ,  and t h e  l i n e  represent ing  p u b l i s h e d  D.R. (column D; 
S . C . S . ,  19711, are presented g r a p h i c a l l y  i n  F igure  10 as a f u n c t i o n  of  
dra inage area. D.R. f o r  subbasins o f  AG-4 and AG-5 a r e  a l s o  inc luded i n  
t h i s  f i g u r e .  

The apparent t r e n d  has been r e p o r t e d  several  t imes f o r  bas ins o f  
s i m i l a r  s i z e  i n  t h e  U.S. (Roehl ,  1962; Spaberry e t  a l ,  1960). The wide 
s c a t t e r  o f  da ta  p o i n t s  i s  expected f o r  bas ins w i t h  v a r i a b l e  s o i  I s ,  topography 
and cropping p r a c t i c e s ,  l o c a t e d  i n  d i f f e r e n t  c l i m a t i c  reg ions o f  southern 
O n t a r i o .  

-- 

Hence, t h e  l o w  R2 va lue  o f  0.26 f o r  t h e  equat ion  o f  t h e  bes t  f i t t i n g  l i n e .  

Monthly d e l i v e r y  r a t i o s  o f  Table 9 i n d i c a t e  h i g h e s t  D.R. dur ing  the  
s p r i n g  p e r i o d ,  i n  p a r t i c u l a r  d u r i n g  t h e  months o f  Febiuary,  March and April. 
D.R. exceeding 100% are no t  u n c m o n  dur ing  t h i s  p e r i o d ,  sinc.e i n  a d d i t i o n  t o  
sheet and r i  1 1  e r o s i o n ,  o t h e r  sources o f  sediment reaching the stream system 
may be present .  For example, i t  has been determined t h a t  streambank e r o s i o n  
i s  h ighes t  d u r i n g  the same p e r i o d  (Knap, 1978). D.R. dur ing  t h e  sumner and 
f a l l  per iods  a r e  i n s i g n i f i c a n t  compared w i t h  the s p r i n g  per iod .  

On the b a s i s  o f  a1 1 s o i l  e r o s i o n  and suspended sediment f i n d i n g s  
i n  t h e  d e t a i l e d  s tud ies,  a q u a l i t a t i v e  p i c t u r e  has been developed f o r  
comparison o f  t h e  1 1  a g r i c u l t u r a l  watersheds (Table 10). For  t h i s  purpose, 
f o u r  watershed parameters have been ca tegor ized  i n t o  a h igh ,  medium and 
l o w  category.  These parameters are:  

(a)  Average annual p o t e n t i a l  s o i l  losses (Table 3, Chapter 3);  

(b)  Mean stream sediment loads, Naquadat Method (Table 8, Chapter 4); 

(c)  Computed d e l i v e r y  r a t i o s  (Table 8, column C, Chapter 5 ) ;  

(d) B u f f e r i n g  c a p a c i t y  of t h e  streams ( f i e l d  observa t ions) .  

40 



I 

0
 

.- 
6
 

a 

41 



The pas t  parameter r e f e r s  t o  t h e  e f f e c t i v e n e s s  o f  vege ta t i on  ( o r  t he  lack  
o f  i t )  adjacent  to  t h e  streambanks f o r  t r a p p i n g  sediments i n  s u r f a c e  r u n o f f  
be fo re  reach i ng t h e  s t  ream sys tem. 

Some i n t e r e s t i n g  observa t ions  can be made f r o m  t h i s  t a b l e .  Most 
bas ins  w i t h  a low d e l i v e r y  r a t i o  (AG-3,  AG-5, AG-6, AG-7, AG-11, AG-14) 
have a h i g h  b u f f e r i n g  capac i ty ,  except  f o r  AG-13 wh ich  has a medium 
b u f f e r i n g  capac i ty .  I t  appears t h a t  b u f f e r i n g  can s i g n i f i c a n t l y  a f f e c t  
t he  watershed d e l i v e r y  r a t i o .  Even w i t h  a h i g h  o r  medium average annual 
s o i l  loss ,  stream sediment l e v e l s  a r e  found t o  be low when the  bas in  has 
a h i g h  capac i t y  t o  b u f f e r  sediment b e f o r e  reaching the s t ream system 
(AG-6,AG-7, AG-11). R e l a t i v e l y  h i g h  sediment loads a re  observed for those 
watersheds which e x h i b i t  l o w  b u f f e r i n g  c a p a c i t y  (AG-1, A G - 4 ) .  
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Table 10: The Re la t i onsh ip  o f  StreamBuffer ing t o  S o i l  Eros ion Losses 

WATERSHED AVERAGE  ANNUAL^ MEAN  SEDIMENT^ DELI VERY BUFFERING” 
SOIL LOSS LOAD RAT1 0 CAPACITY 

ADJACENT TO 
~~ 

AG-1 

AG-2 

AG- 3 

AG-4 

AG-5 

AG-6 

AG- 7 

AG-10 

AG-11 

AG-13 

AG- 14 

High 

Low 

Medi urn 

Low 

Medi urn 

Medi urn 

H igh  

Low 

Medi urn 

High 

Low 

t-li gh 

Low 

Medi urn 

Medi urn 

Medi urn 

Low 

Low 

Medi urn 

Low 

Medi urn 

Low 

Medi urn 

Medi urn 

Low 

H i  gh 

Low 

Low 

Low 

H i  gh 

Low 

Low 

Low 

L 

H 

H 

L 

H 

H 

H 

H 

H 

M 

H 
~ ~ ~ 

’Table 3 ,  Chapter 3 

2 F i g u r e  8 ,  Chapter 4 

3Table 8, Column C, Chapter 5 

From f i e l d  observat ions 
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6.0 PREDICTION OF STHEAM SEDIMENT LOADS 

6.1 I n t r o d u c t i o n  

The o b j e c t i v e s  o f  t h i s  chapter  on suspended sediment l o a d  pre-  
d i c t i o n s  a r e  twofold:  

- t o  p resent  r e s u l t s  o f  t h e  a p p l i c a t i o n  o f  e x i s t i n g  methods and 
models f o r  sediment l o a d  p r e d i c t i o n  i n  a g r i c u l t u r a l  watersheds 
i n  Southern Ontar io ,  and 

- t o  compare p r e d i c t e d  sediment loads  w i t h  measured sediment loads. 

The s tudy approach has i n v o l v e d  t h e  use o f  t h r e e  e x i s t i n g  models 
f o r  sediment l o a d  p r e d i c t i o n .  The models, which o r i g i n a t e d  i n  t h e  U n i t e d  

States, have been mod i f ied  f o r  l o c a l  c o n d i t i o n s  i n  Ontar io ,  

The SEDEL Model (S.C.S., 1975) has been used t o  p r e d i c t  sediment 
loads  i n  subbasins and t h e  e n t i r e  bas ins o f  AG-4 and AG-5 watersheds. T h i s  
computer ized model, which can be used f o r  dra inage areas o f  any s ize,  does 
no t  r e q u i r e  e x t e n s i v e  data i n p u t s .  Hence, i t  i s  easy t o  understand and t o  
aPP1 Y 

The second model, mathemat ica l l y  more sophi s t i c a t e d  than t h e  
p r e v i o u s  one, i s  t h e  Sediment Transpor t  Computer Model ( K l i n g  and Olson, 
1974). The model has a1 so been a p p l i e d  t o  the subbasins and e n t i  r e  bas ins  
o f  AG-4 and AG-5 watersheds. 
over  t h e  landscape i n t o  t h e  stream system. I n  a d d i t i o n  t o  sediment p r e d i c -  
t ion ,  t h e  model can be used f o r  i d e n t i f y i n g  sediment producing areas. I n  
Chapter 8, t h e  same model i s  used f o r  e v a l u a t i n g  t h e  e f f e c t s  o f  s imulated 
l a n d  use changes on sediment loads i n  AG-4 and AG-5 watersheds. Due t o  t h e  
d e t a i l e d  da ta  i n p u t  requi red,  t h i  s model i s t i m e  consuming and expensive 
i n  computer t ime. 

T h i s  d e t a i l e d  model cons iders  sed immt  r o u t i n g  

The s imp les t  approach f o r  sediment load p r e d i c t i o n  uses pub l ished 
sediment d e l i v e r y  r a t i o s  and gross e r o s i o n  va lues computed w i t h  t h e  u n i v e r -  
sal  s o i l  l o s s  equat ion.  T h i s  method has been a p p l i e d  t o  t h e  11 a g r i c u l t -  
u r a l  watersheds. 

Mean measured sediment l o a d s  (Naquadat Method; Chapter 4) f o r  t h e  
study watersheds have been used t o  eva lua te  t h e  models. 
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F i n a l l y ,  t h e  models have been assessed as a b a s i s  f o r  the e x t r a -  
p o l a t i o n  o f  sediment load i n f o r m a t i o n  t o  o t h e r  areas i n  the Canadian Great 
Lakes Dra i nage Ba s i  n . 
6.2 SEDEL Model 

. 6.2.1 Background 

The SEDEL ( o r  Sediment - D e l i v e r y )  model was o r i g i n a l l y  
developed by  t h e  S o i l  C m y e r v a t i o n  S e r v i c e  of the U.S.D.A. as a 
procedure f o r  deve lop ing  sediment storage requirements f o r  rese rvo i  r s  
( S . C . S . ,  1975). 
o f  any s i z e  and may be expressed: 

The model was developed f o r  use on drainage bas ins  

Y = E (DR) 

where : Y = Sediment y i e l d ,  
E = Gross eros ion ,  and 

DR = Sediment d e l i v e r y  r a t i o .  

The gross o r  t o t a l  e r o s i o n  i n  a drainage bas in  i s  t h e  
summation o f  a l l  water  e r o s i o n  o c c u r r i n g  i n  the watershed. I t  inc ludes  
sheet and r i l l  e r o s i o n  and channel- type e ros ion  ( g u l l i e s ,  v a l l e y  
trenches, streambank e ros ion ,  e t c ) .  The sediment d e l i v e r y  r a t i o ,  
which i s  t h e  p r o p o r t i o n  o f  gross e ros ion  t h a t  i s  t r a n s p o r t e d  i n t o  
the  streams a f t e r  d e p o s i t i o n  of t he  eroded m a t e r i a l  has been accounted 
f o r ,  i s  de r i ved  from a curve d e p i c t i n g  i t s  r e l a t i o n s h i p  w i t h  drainage 
bas in s i ze .  Th is  curve, o r i g i n a l l y  developed b y  Roehl (1962) has been 
e x t e n s i v e l y  used b y  t h e  Un i ted  S ta tes  S o i l  Conservation Serv ice  
(S.C.S., 1971). The produc t  o f  gross e r o s i o n  and sediment d e l i v e r y  
r a t i o  p rov ides  t h e  p r e d i c t e d  sediment y i e l d .  

6.2.2 Data C o l l e c t i o n  Methods 

The Un ive rsa l  S o i l  Loss Equat ion i s  used t o  p r e d i c t  average 
y e a r l y  sheet and r i l l  e r o s i o n  losses from a g r i c u l t u r a l  lands f o r  use 
i n  the SEDEL Model. Since t h e  model employs genera l i zed  values f o r  
t h e  d i f f e r e n t  f a c t o r s  i n  t h e  U.S.L.E. f o r  each land  use o r  c ropp ing-  
management category,  t h e  g r e a t e s t  p r e c i s i o n  i s  ob ta ined when the model 
i s  a p p l i e d  t o  smal l  drainage areas. Consequently drainage bas ins  are 
o f ten  subd iv ided i n t o  subbasins t o  a l l o w  f o r  a more d e t a i l e d  da ta  
input .  When in fo rma t ion  on o t h e r  sources o f  e ros ion  are n o t  a v a i l a b l e  
(such as i n  t h i s  study) t h e  gross e r o s i o n  term i n  t h e  model equa ls  
average y e a r l y  sheet and r i l  1 e r o s i o n  losses. 

The a g r i c u l t u r a l  watershed data have been analyzed by 
e l e c t r o n i c  computer us ing  t h e  SEDEL computer program made a v a i l a b l e  
by t h e  S o i l  Conservation Serv i ce  i n  H y a t t s v i  1 le ,  Maryland. 
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The SEDEL Model has been t e s t e d  f o r  t h e  5 subbasins o f  AG-4 
Canagagigue Creek (F igures  1 l A ,  11B) and the u n i v e r s a l  s o i  1 loss e q u a t i o n  
has a l r e a d y  been descr ibed i n  Chapter 1 .  
f 2 r  the K, L and S f a c t o r s  f o r  each land use category ( c r o p - r o t a t i o n )  
encountered i n  the  subbasins. Based on subbasin s i z e ,  a sed imentde l i very  
r a t i o  has been ob ta ined f o r  each subbasin and f o r  the e n t i r e  watershed 
from t h e  sediment del  i v e r y  r a t i o - d r a i n a g e  area curve (S .C.S., 1971). 

Average values have been used 

6.2.3. Exper imental  Resu l ts  

Resu l ts  o f  a p p l y i n g  the SEDEL Model t o  AG-4 and AG-5 watersheds 
are  presented i n  Tables 1 1  and 12 r e s p e c t i v e l y .  Average y e a r l y  gross 
e r o s i o n  values, d e l i v e r y  r a t i o s ,  p r e d i c t e d  and measured sediment loads 
a r e  shown i n  these two tab les .  

D e l i v e r y  r a t i o s  f o r  AG-4 range from 2O-29% and fo r  AG-5 f ror i  
17-31%. P r e d i c t e d  u n i t  area loadings range from 456 t o  1053 kg/ha/yr 
f o r  AG-4.  For AG-5, t h i s  range i s  much l a r g e r ,  from 73 t o  3267 kg/ha/yr. 

6.2.4 Data Ana lys is ,  I n t e r p r e t a t i o n  and Conclusions 

Cer ta in  shortcomings o f  the SEDEL Model approach t o  sediment 
load p r e d i c t i o n ,  ma in ly  w i t h  respec t  t o  d e l i v e r y  r a t i o s ,  have been 
discussed by Boyce ( 1975). I n  s p i t e  o f  these shortcomings, the r e s u l t s  
i n d i c a t e  t h a t  t h e  model i s  successfu l  i n  p r e d i c t i n g  watershed sediment 
l o a d  f o r  AG-4 (456 kg/ha/yr)  when compared w i t h  a 2 year  measured l o a d  
o f  475 kg/ha/yr (Table 1 1 ) .  The d e l i v e r y  r a t i o  o f  20% obta ined from 
the  curve  (Roehl, 1962) and a computed "long-term" watershed d e l i v e r y  
r a t i o  of 21% (Tab le  8, Chapter 3) a r e  i n  very c lose agreement. F o r  
AG-5, however, the watershed d e l i v e r y  r a t i o  ob ta ined from the  curve 
(17%) used i n  the model i s  more than tw ice  as h i g h  a s  a computed 
' ' long- term" d e l i v e r y  r a t i o  o f  7% (Table 8, Chapter 5 ) .  T h i s  d i f f e r e n c e  
r e s u l t s  i n  a h i g h  p r e d i c t e d  sediment load (737 kg/ha/yr) as compared 
w i t h  a measured load o f  279 kg/ha/yr. I f  the computed d e l i v e r y  r a t i o  
of 7% i s  used, sediment p r e d i c t i o n  f o r  AG-5 amounts t o  303 kg/ha/yr,  
which i s  v e r y  c lose  t o  the measured va lue  o f  279 kg/ha/yr.  These 
r e s u l t s  suggest t h a t  a d e l i v e r y  r a t i o  p u r e l y  based on dra inage b a s i n  
s i z e  (Roehl, 1962) i s  n o t  always a r e a l i s t i c  r a t i o  fo r  a g r i c u l t u r a l  
bas ins  o f  t h i s  a rea  (Chapter 4). 

Whi le  t h e r e  may be many exp lanat ions  for t h e  above r e s u l t s ,  
one f a c t o r  t h a t  has been observed t o  be an impor tan t  aspect  i n  the 
t r a n s p o r t  o f  sediments f r o m  the  land base i n t o  t h e  stream system i s  
the sediment b u f f e r i n g  c a p a c i t y  of permanent v e g e t a t i o n  s t r i p s  a long 
streams. T h i s  f a c t o r  has n o t  been considered i n  the  pub l ished d e l i v e r y  
r a t i o  curve  (Roehl ,  1962). As has been discussed e a r l i e r ,  i n  Chapter 2, 
the b u f f e r i n g  c a p a c i t y  i n  AG-5 i s  much h i g h e r  than i n  AG-4 and t h i s  
c a p a c i t y  i s  c l e a r l y  r e f l e c t e d  i n  the lower computed d e l i v e r y  r a t i o  
v a l u e  o f  7% fo r  AG-5. 
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Figure 11 A: t o c a t f o n  of AG-4 (Canagagigue  Creek)  
Watershed 
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Fi gu r e  1 1 B : L o c a t i o n  o f  Subba s i  ns i n A G - 4  (Canagagi gue Creek) Watershed 
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Table 11: The p r e d i c t i o n  o f  stream sediment loads i n  AG-4 (Canagagigue Creek) w i t h  t h e  
SEDEL Model 

SEDIMENT LOAD - 
MEASURED SUBBASI N DRAINAGE AREA GROSS EROSION DELIVERY RATIO P RE D I  CTED 

(ha) ( ton/ha/y r )  (%I ( ton/ha/yr )  ( ton/ha/y r )  

1 2 67 2.345 29 0.602 -- 
2 409 3.023 26 0.785 -- 
3 369 1.765 27 0.478 -- 

-- 4 709 4 :387 24  1 a053 

5 267 2.566 29 0 0743 0.895 

AG-4 202 1 2 a279 20 0.456 0.4752 

'Measured suspended sediment l o a d  (1976), computed by " I n t e g r a t i o n "  Method 

2Measured suspended sediment l o a d  ( 2  year  mean; May 1, 1975 - A p r i l  30, 1977) computed 

6 

by "Naquadat" Method (Appendi x 4) 



ul 
0 

TaDlz 12: The p r e d i c t i o n  o f  stream sediment loads  i n  AG-5 ( H o l i d a y  Creek) w i t h  t h e  SEDEL Model 

SEDIMENT LOAD 
SUBBASI N DRAINAGE AREA GROSS EROSION DELIVERY RATIO PREDICTED MEASU RED 

(ha) ton/ha/y r )  % ( ton/ha/yr)  ( ton/ha/yr )  

1 

2 

273 3.237 

463 30050 

3 197 3 0 388 

4 544 6.212 

29 

26 

31 

25 

"'"'7 0,329 ' 
0.792 

5 332 7.286 28 2.040 -- 
6 342 11.669 28 3.267 -- 
7 437 4,474 26 1.164 -- 
8 343 3.503 28 0 8 8 0  -- 

AG- 5 2931 4.330 17 0.737 0.279 

lMeasured suspended sediment l o a d  (1976), computed by " I n t e g r a t i o n "  Method 

2Measured suspended sediment l o a d  ( 2  year  mean; May 1, 1975 - A p r i l  30, 1977) computed 
by "Naquadat" Method (Appendix 4) 



A s i m i l a r  p a t t e r n  i s  observed f o r  some of t h e  subbasins o f  
AG-4  and AG-5 f o r  which measured sediment load ings  a r e  a v a i l a b l e .  
For AG-5, subbasins 1-2 and 3 -4  should be combined when comparing 
p r e d i c t e d  va lues  w i t h  measured values. Indeed, when t h e  lower computed 
d e l i v e r y  r a t i o s  f o r  these subbasins a r e  used (Chapter 5) ins tead o f  
pub l i shed r a t i o s  (Table 1 1  and 12) , p r e d i c t e d  sediment loads a r e  much 
c l o s e r  t o  t h e  1976 measured sediment loads. 

I n  conclus ion,  the SEDEL Model can be used s u c c e s s f u l l y  as 
a method f o r  p r e d i c t i n g  stream sediment loads f o r  smal l  a g r i c u l t u r a l  
watersheds i n  southern Ontar io ,  i f  l o c a l  l y  developed d e l i v e r y  r a t i o s  
a re  used i n s t e a d  o f  pub l i shed U . S .  r a t i o s .  The accuracy o f  the model 
to  p r e d i c t  sediment loadings f o r  l a r g e  r i v e r  bas ins  i n  O n t a r i o  has n o t  
been ascer ta ined.  

6.3 - Sediment Transpor t  Computer Model 

6.3.1 Background 

The Sediment Transpor t  Computer Model has been developed b y  
K1 ing  and Olson (1974) t o  p r e d i c t  long-term average y e a r l y  amounts o f  
suspended sediment from a dra inage area. The b a s i c  framework f o r  the 
model i s  p rov ided by t h e  U n i v e r s a l  Soi l  Loss Equat ion (Wischmeier and 
Smith, 1965), used t o  compute p o t e n t i a l  gross so i  1 losses from d i f f e r e n t  
land uses. The complete methodology i s  presented and a b r i e f  o u t l i n e  
o f  the approach i s  given below. 

The drainage area i s  subdiv ided i n t o  numerous c e l l s  o r  
landscape segments u s i n g  a g r i d  system which adequately represents  
land u n i t s  t h a t  c o n t r o l  the movement o f  sediment. I t  i s  assumed t h a t  
each c e l l  d r a i n s  e i t h e r  e n t i r e l y  i n t o  o n l y  one o f  t h e  surrounding e i g h t  
c e l l s  o r  i n t o  a d e f i n e d  stream. Data i n p u t ,  data processing and 
r e s u l t s  o f  t h e  model are a l l  based on t h i s  c e l l  b y  ce l  1 approach. A 
t r a n s p o r t  f a c t o r  ( T ) ,  v e r y  s i m i l a r  t o  a sediment d e l i v e r y  r a t i o ,  i s  
i n c o r p o r a t e d  i n t o  the model t o  account f o r  t h e  i n t e r v e n i n g  d e p o s i t i o n  
o f  sediment between t h e  i n i t i a l  p o i n t  o f  s o i l  detachment and the  f i n a l  
sediment y i e l d  i n t o  a stream. T i s  expressed as the  percentage o f  
eroded m a t e r i a l  t h a t  w i l l  be c a r r i e d  across a c e l l  f rom t h e  c e l l  
upslope and assumes va lues O<T<l.O. T i s  c a l c u l a t e d  f o r  each change 
i n  s lope steepness from c e l l  t o  c e l l ,  accord ing t o  t h e  f o l l o w i n g  
equat ions  f o r  two a d j o i n i n g  c e l l s  ( J ,  14) and ( L ,  14): 

I f  s lope c e l l  ( J ,  14)< s lope c e l l  ( L ,  14), 

T = c e l l  ( J ,  14) / c e l l  ( L ,  14) 
then : 

b u t  i f  s lope c e l l  ( J ,  14) >slope c e l l  ( L ,  14) 
then : T = 1.0 
where: c e l l  ( J ,  14) = s lope f a c t o r  of  imnediate c e l l  and 

c e l l  ( L ,  14) = s lope f a c t o r  of ad jacent  upslope c e l l  
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An ephemeral d ra inage network system i s  developed f o r  com- 
b i n i n g  t h e  c e l l  t o  c e l l  r o u t i n g  o f  eroded m a t e r i a l  across t h e  land- 
scape t o  t h e  p o i n t  ( e n d - c e l l )  where i t  a r r i v e s  a t  a de f ined dra inage 
channel o r  stream. As soon as sediment e n t e r s  t h e  stream system, t h e  
model assumesT = 1.0. T h i s  means t h a t  t h e  sumnation o f  a l l  t h e  amounts 
o f  sediment e n t e r i n g  t h e  streams a t  d i f f e r e n t  l o c a t i o n s  i s  equal t o  t h e  
t o t a l  amount of sediments l e a v i n g  t h e  dra inage area. 

Gross eros ion  i s  c a l c u l a t e d  f o r  each c e l l  a f t e r  t h e  c e l l  
t o  c e l l  r o u t i n g  o f  t h e  eroded m a t e r i a l  has been establ ished.  The n e t  
e r o s i o n  i s  an es t imate  o f  sediment y i e l d  f rom an area o r  ephemeral 
dra inage n e t  (group o f  c e l l s )  t o  t h e  stream. 
f o r  each ephemeral d r a i  nage n e t  sequent i  a1 1 y downs1 ope by accumul a t i  ng 
t h e  sum o f  gross eros ion  o r  t h e  product  o f  gross e r o s i o n  t imes t h e  
r e s p e c t i v e  t r a n s p o r t  f a c t o r .  
t h i s  c a l c u l a t i o n  a t  a p o i n t  J i n  an ephemeral dra inage n e t  ( K l i n g  
and Olson, 1974): 

Net e r o s i o n  i s  c a l c u l a t e d  

The f o l l o w i n g  equat ion  i s  an example of 

Net e r o s i o n  =(Gross e r o s i o n  + IITIl) X Net e r o s i o n  
( c e l l  J) ( c e l l  J) ( c e l l  J,J+I)  ( c e l l  J + 1 )  

T o t a l  n e t  e ros ion  o f  t h e  dra inage area i s c a l c u l a t e d  by sumning t h e  
n e t  e r o s i o n  va lues  from a l l  ephemeral dra inage nets .  The p a r t i a l  
e f f e c t  i s  a v a l u e  which approximates t h e  ac tua l  n e t  y i e l d  t h a t  i s  
t r a n s p o r t e d  t o  t h e  stream f r o m  each c e l l .  
t h e  gross e r o s i o n  t h a t  reaches t h e  streams a f t e r  d e p o s i t i o n  o f  sediment 
d u r i n g  over land f l o w  has been accounted f o r .  

I t  i s  t h e  p r o p o r t i o n  of 

A mapping program, i n c o r p o r a t e d  i n t o  t h e  model, can produce 
maps t h a t  show on a c e l l  by c e l l  bas i  s t h e  s p a t i a l  d i  s t r i  b u t i o n  o f  
d i f f e r e n t  p r e s e l e c t e d  sediment l o a d  categor ies.  
e r o s i o n  areas w i t h i n  a watershed can e a s i l y  be l o c a t e d  and i d e n t i f i e d  
on t h e  map, e.g. areas w i th  h i g h  sediment outputs .  

By t h i s  method, 

The model a l s o  prov ides  a method f o r  e v a l u a t i n g  t h e  e f f e c t s  
of changes i n  l a n d  use and c u l t i v a t i o n  p r a c t i c e s  on sediment losses, 
which w i  11 b e  d i  scussed i n  Chapter 8. 

6.3.2 

y i  e l  ds 

Data C o l l e c t i o n  Methods 
Sediment Load P r e d i c t i o n  

The model has been used t o  p r e d i c t  average y e a r l y  sediment 

The b a s i c  input da ta  f o r  the  model have been 
i n  two d e t a i l e d  s tudy watersheds: AG-4 Canagagigue Creek and 

AG-5  H o l i d a y  Creek. 
ob ta ined f rom f o u r  map sources: - topographic  maps; - s o i l  maps (Acton, 1978); 

- l a n d  use maps (Chapter 3 ) ;  - dra inage maps ( f r o m  f i e l d  observa t ions) .  
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A l l  maps have been redrawn to a common mapping scale o f  1:15,840 
(4" - 1 m i l e ) .  A f i nch  (12.5 mn) c e l l  g r i d  has been superimposed 
o v e r  the  maps, so t h a t  each c e l l  i s  4 ha (10 acres)  i n  s i z e  a t  the  
1: 15,840 map scale.  For each ce l  1, the f o l l w i n g  i n f o r m a t i o n  has 
been recorded: 

- c e l  1 i den t i  f i  c a t i o n  number; 
- subbasin number ( F i g u r e  1 1  and 12);  
- s o i l  e r o d i b i l i t y  "K" va lues f o r  each s o i l  type; 
- s l o p e  l e n g t h  "L" measured on topographic  maps from t h e  

c e n t r e  o f  each c e l l  downslope t o  boundary o f  f i r s t  
mapped slope change; 

- s l o p e  g r a d i e n t  "S" of t h e  s o i l  mapping u n i t s ;  
- cropping-management f a c t o r  "C" f o r  d i f f e r e n t  land uses; 
- d is tance from channel o r  stream; 
- dra inage v e c t o r ,  i n d i c a t i n g  i n  what dam-s lope c e l l  the 

up-slope c e l l  d ra ins ,  determined by a combinat ion o f  
drainage maps, topograph ic  maps and d e t a i l e d  i n f o r m a t i o n  
on c o n t r i b u t i n g  areas (Chapter 5 ) .  

Long-term average y e a r l y  r a i n f a l l  "R" f a c t o r s  f o r  b o t h  watersheds have 
been determined from t h e  R - f a c t o r  map f o r  southern O n t a r i o  ( F i g u r e  2 ) .  
To v e r i f y  the  model r e s u l t s ,  measured sediment loads f o r  a 2 year  
p e r i o d  (Naquadat) have been used f o r  AG-4  and AG-5 basins.  

Sed i men t Map p i ng 

Data i n p u t  f o r  t h e  sediment mapping program has c o n s i s t e d  o f  
r e s u l t s  o f  the  f i n a l  a n a l y s i s  o f  t h e  Sedlment Transpor t  Computer Model 
using a m o d i f i e d  T- factor .  The model has been programmed t o  punch data 
cards f o r  use i n  t h e  mapping r o u t i n e  w i t h  t h e  f o l l o w i n g  i n f o n a t i o n :  

- c e l l  i d e n t i f i c a t i o n  
- gross e r o s i o n  
-. n e t  e ros ion  and - p a r t i a l  e f f e c t s .  The n e t  sediment load o f  each c e l l  i s  

c l a s s i f i e d  i n  one o f  t h e  f o l l o w i n g  sediment producing 
c 1 asses: 

0, 0-4, 4-8, 8-16, 16-24, 24-32, 32-40, 40 ton. 

By a s s i g n i n g  each e r o s i o n  c l a s s  a symbol, a map showing the  
s p a t i a l  d i s t r i b u t i o n  o f  n e t  sediment loads i s  generated by t h e  Computer 
Mode 1. 

6.3.3. Exper imental  Resul ts  
Sediment Load P r e d i c t  i o n  

I n  o r d e r  t o  have the Sediment Transpor t  Computer Model 
s u c c e s s f u l l y  operated a t  o t h e r  f a c i  1 i t i e s  us ing data from a d i f f e r e n t  
geographic area, a number o f  t e s t  runs have been necessary, r e s u l t i n g  
i n  m o d i f i c a t i o n s  and adjustments of some f a c t o r s  i n  the model 
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Figwe\ 7.2A: Location of AG-5 (Ho l iday  Creek) 
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(e.g. r a i n f a l l ,  "C" values, slope).  The model has been used f o r  sediment 
y i e l d  p r e d i c t i o n  fo r  subbasins of AG-4 and AG-5 watersheds w i t h  t h e  
r e s u l t s  presented i n  Table 13 and 14. L o c a t i o n  o f  subbasins i s  dep ic ted  
i n  F igures  1 1  and 12. 

Both Tables 13 and 14 i n d i c a t e  h i g h  p r e d i c t e d  sediment loads 
compared w i t h  t h e  measured loads. I n  o t h e r  words the t o t a l  amount o f  
sediment e n t e r i n g  the stream system, expressed as a percentage o f  
gross eros ion ,  i n d i c a t e s  average T-values ( o r :  watershed d e l i v e r y  r a t i o s )  
o f  75% an$ 46% f o r  AG-4 and AG-5 r e s p e c t i v e l y .  
(20-30 km ) these d e l i v e r y  r a t i o s  a r e  considered t o o  h i g h  compared 
w i t h  e i t h e r  d e l i v e r y  r a t i o s  repor ted  i n  t h e  1 i t e r a t u r e  (Roehl , 1962) 
o r  w i t h  computed d e l i v e r y  r a t i o s  (Chapter 5 ) .  A c lose look a t  the da ta  
revea l  t h a t  the t r a n s p o r t  f a c t o r  'IT'' has been es t imated t o  be t o o  h igh.  
Such e s t i m a t i o n  has been repeatedly  caused b y  e i t h e r  a minimum o r  a 
lack  o f  s lope v a r i a t i o n  when the eroded m a t e r i a l  moves o v e r l a n d  f r a n  
c e l l  t o  c e l l .  Indeed, f o r  b o t h  watersheds, the  m a j o r i t y  of the land 
s lopes have been mapped i n  the  0.5 - 2% and 2 - 5% classes (Acton, 1978). 
Also,  a l a c k  o f  v a r i a t i o n  i n  s l o p e  i s  r e p o r t e d  by K l i n g  and Olson (1974) 
as one o f  t h e  reasons t h e  model over-est imates measured sediment y i e l d  
f o r  a drainage b a s i n  w i t h  l e s s  d i s t i n c t  topography than t h e  area fo r  
which the model has been developed. To e l i m i n a t e  t h i s  problem, a 
m o d i f i e d  T, developed b y  t h e  o r i g i n a l  authors,  can be generated. T h i s  
m o d i f i c a t i o n  i s  based o n  a d i s t a n c e  f u n c t i o n  whenever s lope g r a d i e n t s  
o f  t w o  ad jacent  c e l l s  i n  the ephemeral dra inage networks a r e  the  same. 
For these c o n d i t i o n s ,  T i s  s e t  equal t o  an i n v e r s e  f u n c t i o n  of the c e l l  
d is tance from a d e f i n e d  drainage channel. Resu l ts  o f  t h e  model w i t h  
the m o d i f i e d  T - f a c t o r  a r e  a l s o  presented i n  Table 13 and 14. I t  i s  
obv ious  f r o m  these Tables t h a t  compared w i t h  the T f a c t o r  based p u r e l y  
on slope, the m o d i f i e d  T r e s u l t s  i n  l a r g e  reduc t ions  i n  the p r e d i c t e d  
sediment loads f o r  AG-4 and AG-5, (51% and 66% r e s p e c t i v e l y ) .  
measured sediment loads a r e  a l s o  presented i n  Tables 13 and 14. 

For  bas ins o f  t h i s  s i z e  

A v a i l a b l e  

Se d i  men t Mapping 

Computer mapping resu.1 t s  of e i g h t  c a t e g o r i e s  of p a r t i a l  e f f e c t s  
(net  sediment y i e l d  t r a n s p o r t e d  t o  t h e  stream from each c e l l )  f o r  AG-4 
and AG-5 are presented i n  F igures  13 and 14. From these f i g u r e s ,  the  
p r o p o r t i o n  o f  t o t a l  watershed area f o r  each category has been determined 
and i s  expressed as a percentage. The d i s t r i b u t i o n  i s  g r a p h i c a l l y  
summarized i n  F igures 15 and 16. 

Since the t o t a l  amount o f  sediment o u t p u t  from t h e  e n t i r e  
bas ins AG-4 and AG-5 can be p r e d i c t e d  b y  t h e  model, the  p r o p o r t i o n  o f  
t o t a l  watershed load ing  f o r  each sediment producing category can be computed. 
A f i r s t  approx imat ion  has been made b y  m u l t i p l y i n g  the sediment p roduc ing  class 
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TABLE 13:  The P r e d i c t i o n  of  Stream Sediment Loads i n  AG-4 (Canagagigue Creek) 
With t h e  Sediment T r a n s p o r t  Computer Model 

SUBBAS IN DRAINAGE AREA 
PREDICTED SEDIMENT LOAD 

'IT" BASED ON SLOPE MOD IF1  ED "T ' I  MEASURED SEDIMENT LOAD 
(ton/ ha/ y r  1 

-- 
(ha 1 ( t o n / h a / y r )  ( t o n / h a / y r )  

--- 0.648 1 267 1.873 

2 409 1.968 0.790 

3 369 2.048 1.206 

--- 
--- 

4 

5 
709 

267 

2.847 

2.250 

1.437 
1.174 

AG- 4 20 21  2.320 1.125 0. 4752 

'Measured suspended sediment load (1976), computed by " I n t e g r a t i o n "  method 

'Measured suspended sediment load (2 yea r  mean; May 1, 1975 - A p r i l  30, 1977) computed by"Naquadat" method 



TABLE 14: The P r e d i c t i o n  of S t r e a m  Sediment Loads i n  AG-5 (Hol iday  Creek) 
With t h e  Sediment Transpor t  Computer Model 

PREDICTED SEDIMENT LOAD 
SUBBAS I N  URAINAtiE AREA "TI' BASED ON SLOPE MODIFIED "T" MEASURED SEDIMENT LOAD 

(ha 1 ( t o n / h a / y r )  ( t  on/ha/  y r  ) ( ton /ha /y r )  

AG- 5 

300 

462 

223 

5 39 

340 

352 

445 

3b9 

30 30 

1.538 

1.884 

1.619 

3.391 

2.168 

2.372 

1.885 

3.033 

2.327 

0.283 

0.739 

0.249 

1.065 

1.081 

0.723 

0.482 

1.245 

0.776 

0.329 

0.366 

0.279 

'Measured suspended sediment l oad  (1976), computed by " I n t e g r a t i o n "  method 

'Measured suspended sediment l o a d  (2 yea r  mean; May 1, 1975 - A p r i l  30, 1977) computed by "Naquadat" method 
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8 - 1 6  
Sediment producing category (ton/4ha cell) 

Figure 15: Distribution of the Magnitude and Katershed Area of Eight Sediment Producing Categories in AG-4 
(Canagagigue Creek) Watershed 
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Figure  16: D i s t r i b u t i o n  of t h e  Magnitude and Watershed Area of E igh t  Sediment Producing C a t e g o r i e s  i n  AG-5 

(Holiday Creek) Wate rshed 



midpo in ts  by t h e  corresponding l a n d  area f o r  each c lass.  
sum o f  t h e  computed load ings  f o r  t he  e i g h t  c lasses  i s  much 
the  t o t a l  sediment ou tpu t  p r e d i c t e d  by t h e  model. 
d a t a  revea ls  t h a t  t h e  number o f  c e l l s  w i t h i n  each category i s  n o t  
normal ly  d i s t r i b u t e d ,  bu t  p o s i t i v e l y  skewed. To account f o r  t h i s  
skewness, t h e  c l a s s  m idpo in ts  minus 1 have been used t o  compute t h e  
d i s t r i b u t i o n  o f  t o t a l  watershed sediment p roduc t ion .  With t h i s  a d j u s t -  
ment the  sumnation of  computed load ings  by category equals t h e  t o t a l  
p r e d i c t e d  values, The percentage of t h e  annual sediment l o a d  c o n t r i  b u t -  
ed by each of t h e  e i g h t  sediment l o a d  c l a s s  a r e  a l s o  dep ic ted  i n  F igu re  
15 and 16 f o r  AG-4 and AG-5 respec t i ve l y .  

However, t h e  
h igher  than 

I n s p e c t i o n  of t he  

6.3.4 D a t a  Analys is ,  I n t e r p r e t a t i o n  and Conclusions 
Sediment Load P r e d i c t i o n  

On a watershed bas is ,  Tables 13 and 14 i n d i c a t e  t h a t  t h e  
Sediment Transpor t  Computer Model overes t imates  measured sediment loads  
by 137 and 178% f o r  AG-4 and AG-5 respec t i ve l y .  Several reasons f o r  
t h i s  o v e r p r e d i c t i o n  by t h e  model a r e  suggested. 

Sediment load ings  p r e d i c t e d  by t h e  model a r e  long- term 
average y e a r l y  sediment vat ues. Long-term r e f e r s  t o  
t h e  r a i n f a l l  f a c t o r  "R", which represents  an average 
y e a r l y  va lue  of a t  l e a s t  22 years o f  record. The long-  
term p r e d i c t e d  sediment loads  a r e  then compared w i t h  2 
years o f  measured sediment l oad  data. Since r a i n f a l l  
amounts and i n t e n s i t i e s  can be ve ry  v a r i a b l e  from year 
t o  year, t h e  l i m i t a t i o n s  o f  t h i s  comparison a r e  apparent. 

The s i z e  o f  data a c q u i s i t i o n  c e l l s  o f  4 ha (10 acres) 
has been i n i t i a l l y  chosen t o  min imize  v a r i a t i o n  w i t h i n  
c e l l s  compared t o  v a r i a t i o n  among c e l l s .  I t  i s  q u i t e  
p o s s i b l e  however, t h a t  v a r i a b i  1 i t y  among c e l l  s i n  AG-4 
and AG-5 watersheds i s less than was an t i c ipa ted .  
has a l ready  been observed with respect  t o  slope, a f fec t -  
i n g  t h e  T - func t i on  i n  the  model. The o r i g i n a l  author  
has i n d i c a t e d  t h a t  s e l e c t i o n  of  t he  i n i t i a l  c e l l  s i z e  
i s  ve ry  c r i t i c a l  t o  the  successful  a p p l i c a t i o n  of t he  
model t o  a watershed (K l ing ,  1974). Time l i m i t a t i o n s  
have prevented exper imentat ion w i  th d i f f e r e n t  c e l l  s i zes  
t o  improve model r e s u l t s .  

T h i s  

l i m i t e d  amount o f  measured sediment l o a d  data i n  Tables 
13 and 14 i n d i c a t e s  t h a t  a t  l e a s t  on a subwatershed basis,  t h e  model 
seems to be p r e d i c t i n g  sediment loads  b e t t e r  than f o r  t h e  e n t i r e  water-  
sheds. 
s i n g l e  year of measured sediment loads. 

P red ic ted  values, however, a r e  cons i . s ten t l y  h igher  than the  
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Sediment Mapping 

The Sediment Transpor t  Computer Model can a l s o  be used t o  
make va luab le  i n t e r p r e t a t i o n s  w i t h  respect  t o  the mapping o f  sediment 
p roduc ing  areas. 

A comparison o f  AG-4 and AG-5 ( F i g u r e s  15 and 16) i n d i c a t e s  
a marked d i f f e r e n c e  i n  t h e  d i s t r i b u t i o n  o f  t o t a l  watershed sediment 
p r o d u c t i o n  and watershed area f o r  each o f  t h e  8 sediment producing 
categor ies.  The h i g h e s t  sediment p roduc ing  ca tegor ies  (>24 ton/bha 
c e l l )  account f o r  about 32% o f  t h e  t o t a l  watershed sediment o u t p u t  i n  
AG-5, b u t  o n l y  f o r  5% i n  AG-4. The 3 h ighes t  ca tegor ies ,  however, 
occupy o n l y  about 2% o f  the t o t a l  watershed area i n  b o t h  AG-4 and AG-5. 
Most o f  the sediments (85%) i n  AG-4 are produced i n  the 3 sediment 
c a t e g o r i e s  t h a t  range from 4-24 ton/4ha c e l l ;  w h i l e  f o r  AG-5, 45% o f  
t h e  t o t a l  watershed sediment o u t p u t  comes f rom t h e  same 3 ca tegor ies .  
These 3 ca tegor ies  occupy h a l f  o f  t h e  t o t a l  watershed area i n  AG-4, 
b u t  o n l y  16% of t h e  watershed i n  AG-5. I n  AG-5 (72%) has been mapped 
as t h e  0-4 sediment producing category,  w h i l e  the same category i n  
AG-4 amounts t o  47% o f  the  watershed area. 

Some imp1 i c a t  ions o f  these r e s u l t s  w i t h  respect t o  reduc ing  
watershed sediment loads a r e  discussed l a t e r  i n  Chapter 8. 

The maps (F igures  13 and 14) a l s o  p r o v i d e  i n f o r m a t i o n  as t o  
t h e  s p a t i a l  d i s t r i b u t i o n  o f  sediment producing c e l l s  i n  r e l a t i o n  t o  
t h e  drainage network. Where a r e  t h e  h i g h  sediment producing c e l  Is 
and low producing c e l  Is l o c a t e d  w i t h  respect t o  p r o x i m i t y  t o  streams and 
waterways? To answer t h i s  ques t ion ,  each sediment producing category 
(F igures  15 and 16) has been analysed t o  determine t h e  number o f  ce l  1s 
t h a t  a r e  e i t h e r  d i s s e c t e d  by t h e  stream system o r  c e l l s  t h a t  are d i r e c t l y  
b o r d e r i n g  t h e  streams. The number o f  c e l l s  have been expressed as a 
percentage o f  t h e  t o t a l  number o f  c e l l s  i n  each category.  Resu l ts  o f  
t h i s  a n a l y s i s  a r e  summarized i n  Tables 15 and 16. 

For bo th  watersheds AG-4 and AG-5, the genera l  t r e n d  i s  t h a t  
the h i g h e r  the sediment p roduc ing  category,  the more c e l l s  i n  each 
ca tegory  a r e  l o c a t e d  a t  o r  near  t h e  s t ream system. I n  o t h e r  words, t h e  
h i g h e r  the sediment p roduc ing  areas a r e  found c l o s e s t  t o  t h e  streams, 
Tables 15 and 16 s h w  t h a t  f o r  each o f  t h e  sediment producing classes, 
a c o n s i s t e n t l y  l a r g e r  p r o p o r t i o n  o f  the  area i n  each c l a s s  i s  l o c a t e d  
i n  c lose p r o x i m i t y  to streams i n  AG-4 than i n  AG-5. Tables 15 and 16 
a l s o  i n d i c a t e  t h a t  i n  AG-5, 48% o f  t h e  area producing 4 ton/4ha c e l l  
( 1  ton/ha/yr)  of sediment i s  l o c a t e d  i n  c l o s e  p r o x i m i t y  to  the streams. 
For AG-4, t h i s  amounts t o  55%. The e n t i r e  area (100%) producing an 
average of  more than 6 ton/ha/yr  (24  ton/4na c e l l )  o f  sediments for  
AG-4 and AG-5 i s  l o c a t e d  a t  o r  near  stream channels and waterways. 

The f o l  l cw ing  conc lus ions  a r e  o f f e r e d  regard ing  t h e  a p p l i c a t i o n  
o f  the  Sediment Transpor t  Computer Model : 
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T a b l e  1 5 : C e l l s  i n  p r o x i m i t y  t o  streams f o r  AG-4 Canagagigue Creek 
__- 

SEDIMENT PRODUCING 
CATEGORY (ton/cell) 

TOTAL NUMBER 
OF CELLS 

CELLS DISSECTED BY OR DIRECTLY BORDERING STREAMS 
% OF CATEGORY TOTAL NUMBER 

.. 

0- 4 234 30 1 3  

4- 8 1 4 9  77 52 

8-16 79 41  52 

16-24 2 1  17 81 

24-32 2 2 100 

32-40 0 0 10 0 

ALL CELLS > 8 104 62 60 

ALL CELLS >16 25 2 1  84 

ALL CELLS >24 4 4 100 

~ ~ 

]Each cell has an area of 4ha 



T a b l e  16: Cells i n  proximi ty  t o  s t r e a m s  f o r  AG-5 Ho l iday  Creek 

SEDIMENT PRODUCING 
CATEGORY ( t o n / c e l l j ’  

TOT& NUMBER CELLS DISSECTED BY OR DIRECTLY BORDERING STREAMS 
OF CELLS NUMBER % OF CATEGORY TOTAL 

4- 8 

8-16 

51 

45 

10 

22 

29 

49 

16-24 1 9  1 2  . 63 

24-32 10 10 100 

32-40 3 2 66 

ALL CELLS > 4 138 66 48 (3\ 
o\ 

ALL CELLS > 8 87 56 64 

ALL CELLS >16 42 34 8 1  

ALL CELLS >24 23 22 96 

’ E a c h  c e l l  has an area of 4ha 



- The model c o n s i s t e n t l y  o v e r p r e d i c t s  sediment l o a d s  i n  AG-4 
and AG-5 watersheds w i t h  l i t t l e  o r  no c a l i b r a t i o n .  One of 
t h e  major l i m i t a t i o n s  of v a l i d a t i n g  long- term p r e d i c t e d  
model r e s u l t s  i s  the 1 o r  2 years o f  measured suspended 
sediment loads  a v a i l a b l e .  

- If c e l l  s i z e s  a r e  c a r e f u l l y  tuned t o  phys iograph ic  v a r i -  
' 

a b i l i t y  i n  t h e  watershed f o r  which t h e  model i s  be ing  used, 
the  Sediment Transpor t  Computer Model appears t o  have 
p o t e n t i a l  f o r  f u t u r e  use i n  watersheds of  s i m i l a r  o r  smal l -  
e r  s izes.  

D e s p i t e  t h e  o v e r p r e d i c t i o n  o f  sediment by the  model, r e l a t i v e  compari- 
sons o f  r e s u l t s  of sediment producing areas a r e  very  useful  . 
i ndi c a t  e t h a t  : 

Resul ts  

- The h i g h e r  sediment producing areas i n  b o t h  watersheds 
(AG-4, AG-5)  a r e  l o c a t e d  c l o s e s t  t o  t h e  streamso T h i s  
o b s e r v a t i o n  i s  more pronounced i n  
watershed. 

AG-4 than i n  AG-5 

- Highest  sediment p roduc ing  c a t e g o r i  es ( c e l l  s > 24 ton/bha 
c e l l )  account f o r  about 32% of t h e  t o t a l  watershed sedi -  
ment o u t p u t  i n  AG-5, but o n l y  f o r  5% i n  AG-4, 
sediment producing areas, however, occupy o n l y  2% o f  t h e  
t o t a l  watershed area i n  b o t h  AG-4  and AG-5. 

These h i g h  

6.4 U n i v e r s a l  S o i l  Loss Equat ion 

6.4.1 Background 

Some i n v e s t i g a t o r s  have s u c c e s s f u l l y  exp lo red  t h e  p o s s i b i l i t y  
o f  u s i n g  t h e  U.S.L.E. and d e l i v e r y  r a t i o s  t o  p r e d i c t  watershed sediment 
y i e l d  (Tay lo r ,  1970; W i l l i a m s  and Berndt, 1972). W i l l i a m s  and Berndt 
have extended t h e  U.S.L.E. f o r  use on watersheds by modi fy ing t h e  
s o i l ,  topographic  and management fac to rs .  T h i s  s imple approach f o r  
sediment l o a d  p r e d i c t i o n  uses d e l i v e r y  r a t i o s  based on e i t h e r  computed 
va lues  o r  d e r i v e d  f r o m  the p u b l i s h e d  d e l i v e r y  r a t i o s  versus dra inage 
b a s i n  s i z e  c u r v e  (Roehl, 1962; S.C.S., 1973, 1973b). I n  t h i s  section, 
a s i m i l a r  approach has been used t o  p r e d i c t  sediment loads  f o r  t h e  11 
a g r i c u l  t u r a l  watersheds i n  Southern Ontar io .  

6.4.2 Data C o l l e c t i o n  Methods 

The method f o r  p r e d i c t i n g  watershed sediment y i e l d  u s i n g  
p o t e n t i a l  sheet e r o s i o n  losses  computed by t h e  U,S.L.E. and d e l i v e r y  
r a t i o s  i s  comparable w i t h  t h e  approach taken f o r  t h e  SEDEL Model f o r  
small  subbasins. I n  t h i s  case, p o t e n t i a l  streambank e r o s i o n  es t imates  
(Knap, 1978) have been added t o  long- term p r e d i c t e d  watershed sheet 
e r o s i o n  losses  i n  o r d e r  t o  represent  watershed gross  e r o s i o n  v a l u e s  
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(Table 1 7 ) .  
by a watershed d e l i v e r y  r a t i o  from two d i f f e r e n t  sources: 

For  each watershed, gross eros ion  va lues have been m u l t i p l i e d  

- one based on dra inage bas in  s i z e  (Roehl, 1962; S.C.S. ,  1971). 

- one based on drainage b a s i n  s i z e  b u t  m o d i f i e d  f o r  predominant 
so i  1 t e x t u r e s  i n  t h e  watershed (S.C.S. ,  1973). 

The theory  behind t h i s  l a s t  data base i s  t h a t  watersheds w i t h  predominant ly  
c l a y  soils have h i g h e r  d e l i v e r y  r a t i o s  and watersheds w i t h  sandy soils 
have lower d e l i v e r y  r a t i o s  than the f i r s t  data base. Predominant so i  1 
t e x t u r e s  o f  the plow l a y e r  have been ob ta ined from Table 2. The 
m u l t i p l i c a t i o n  o f  d e l i v e r y  r a t i o s  w i t h  gross eros ion  r e s u l t s  i n  long-term 
p r e d i c t e d  watershed sediment loads. 

6.4.3. Expe r i men t a l  Resul ts  

Table 1 7  shows gross soi l  e r o s i o n  losses f o r  t h e  1 1  a g r i c u l t u r a l  
watersheds. Gross s o i l  e r o s i o n  i s  t h e  sum o f  long- term sheet e r o s i o n  
and es t imates  o f  1976 bank e r o s i o n  (Table 7 ) .  Sediment loads have been 
computed us ing  2 d i f f e r e n t  sources o f  p u b l i s h e d  d e l i v e r y  r a t i o s  ( A  and B ) .  
P r e d i c t e d  and measured sediment loads f rom t h i s  t a b l e  a r e  dep ic ted  
g r a p h i c a l l y  i n  F i g u r e  17. T h i s  f i g u r e  i n d i c a t e s  t h a t  b o t h  sources o f  
d e l i v e r y  r a t i o s  g e n e r a l l y  o v e r p r e d i c t  measured sediment loads for t h e  
watersheds from 0-11 f o l d  increases. The f i r s t  s e t  o f  d e l i v e r y  r a t i o s  
(A) i s  g e n e r a l l y  o v e r p r e d i c t i n g  l e s s  than the second s e t  o f  d e l i v e r y  
r a t i o s  ( E ) .  

6.4.4. Data Ana lys is ,  i n t e r p r e t a t i o n  and Conclusions 

The bes t  r e l a t i o n s h i p s  between measured and p r e d i c t e d  sediment 
loads a r e  observed f o r  watersheds AG-1, AG-2, AG-4,  A G - I O ,  AG-14, us ing  
S . C . S .  (1971) d e l i v e r y  r a t i o s  (F igure  1 7 ) .  A l l  the  o t h e r  watersheds, 
however, i n d i c a t e  a 3-11 f o l d  increase between measured and p r e d i c t e d  
sediment loads, t h e  l a r g e s t  inc rease be ing  found for  AG-6, AG-7 and AG-13. 
I t  shauld be recognized t h a t  f o r  example, a 3-4  f o l d  d i f f e r e n c e  between 
p r e d i c t e d  and measured loads i s  l e s s  s i g n i f i c a n t  f o r  watersheds w i t h  low 
measured sediment l oads  (AG-2, 6 ,  7, 1 1 ,  14) than i t  i s  f o r  watersheds 
w i t h  h i g h  measured sediment loads (AG-1). D i f fe rences  i n  p r e d i c t e d  loadings 
by t h e  two approaches f o r  the same watershed are  most extreme for  bas ins 
w i t h  e i t h e r  a h i g h  c l a y  o r  h i g h  sand content  i n  the  sur face  s o i l  (AG-1, 
AG-3, AG-7, AG-13). 
d e r i v e d  from the second source o f  i n f o r m a t i o n  ( S . C . S . ,  1973). 

Such content  d r a s t i c a l l y  a f f e c t s  t h e  d e l i v e r y  r a t i o s  

I n  summary, b o t h  s e r i e s  o f  d e l i v e r y  r a t i o s  r e s u l t  i n  over-  
p r e d i c t i o n  o f  measured suspended sediment loadings.  Th is  d iscrepancy 
may be r a t i o n a l i z e d  w i t h  t h e  same reasons no ted  i n  t h e  p r e v i o u s  2 
s e c t i o n s  o f  t h i s  chapter ,  namely t h a t  2 years  o f  measured sediment load 
da ta  i s  i n s u f f i c i e n t  t o  v a l i d a t e  p r e d i c t e d  loadings.  Also,  t h e  p u b l i s h e d  
d e l i v e r y  r a t i o s ,  developed i n  s p e c i f i c  phys iograph ic  areas w i t h  s p e c i f i c  
s o i l s  do n o t  appear t o  b e  a p p l i c a b l e  t o  smal l  a g r i c u l t u r a l  watersheds i n  
Southern Ontar io .  U n f o r t u n a t e l y  d e l i v e r y  r a t i o s  p r e v i o u s l y  computed from 
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TABLE 1 7 :  P r e d i c t e d  S t ream Sedl iaent  Loads by t h e  U n i v e r s a l  S o i l  Loss  Equa t ion  f o r  11 
A g r i c u l t u r a l  Watersheds  

POTENTIAL POTENTIAL ' 
SHEET STREAMBANK D E L I V E R Y  SEDIMENT LOADINGS (kg / h a /  y r  ) 
EROSION EROSION  GROSS^ DRAINAGE RAT I O  PRED ICT ED MEASURED 

WATERSHED LOSSES LOSSES EROSION AREA ( D . R . )  (GROSS EROSION X D.R.) 
(kg /ha /  y r  ( k g / h a / y r )  ( k g / h a / y r )  (sq.  m i l e s )  A 3  % B4 A 3  B4  

AG- 1 65 74 286 6860 1 9 . 6  1 5  30 1029 2058 906 

AG- 2 984 20 1004 30 .5  1 4  7 1 4 1  70 146 

AG- 3 5752 29 5781 23.9 15  2 1  867 1214  219 

AG- 4 2086 241 2327 7.2 1 9  25 442 582 475 

-. _- 

AG- 5 3739 

AG- 6 3980 

113 3749 1 1 . 6  1 7  22 637 8 2 5  2 79 

1 4  3994 2 1 . 1  1 5  18 599 719 6 3  

AG- 7 5676 18 5694 21.8 1 5  1 0  854 569  87 

AG- 10 1055 

AG-11 2997 

18 1 0 7 3  1 1 . 7  1 7  30 182  32 2 282 

9 3  3090 9 .2  1 8  26 556 80  3 158  
Q\ 

AG- 1 3  7252 56 73138 7.7 1 9  10 1389  7 31 245 

Ati-14 1244 94 1338 1 7 . 4  1 6  25 2 14  335 134 

' F r o m  T a b l e  7 C h a p t e r  4 
'Gross e r o s i o n  i s  the series of p o t e n t i a l  sheet e r o s i o n  losses and  p o t e n t i a l  s t r eambank  e r o s i o n  l o s s e s  

3 D e l i v e r y  r a t i o s  based  on d r a i n a g e  b a s i n  series (Roeh l ,  1962 ;  S.C.S., 1971 ) 
'De l ivery  r a t i o s  based  on d r a i n a g e  b a s i n  series, b u t  m o d i f i e d  f o r  predominant  w a t e r s h e d  s o i l  t e x t u r e s  (S.C.S. , 1973) 
'"Naquadat" method,  mean of 2 y e a r s  data  (May 1, 1975  - A p r i l  30 ,  1977)  



rn Predicted loads using delivery ratios based on drainage density (S.C.S.1973) 

@Predicted loads using delivery ratios based on drainage density but modified 
for predominant soil texture in watersheds ( S.C.S.1973b) 

I I I 
10000 10 100 1000 

Measured sediment load (kg/ha/yr) 
F i g u r e  1 7 :  R e l a t i o n s h i p  Between Measured and  P r e d i c t e d  Sediment  Loads by t h e  

U n i v e r s a l  S o i l  Loss Equa t ion  f o r  11 A g r i c u l t u r a l  Wate r sheds  i n  
S o u t h e r n  O n t a r i o  
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gross e r o s i o n  and measured sediment y i e l d  da ta  (Chapter 5, Table 8) 
c o u l d  not be used f o r  p r e d i c t i n g  sediment loads, s i n c e  they were 
based on  t h e  same s e t  o f  da ta .  

Consider ing the l i m i t a t i o n s  o f  bo th  p r e d i c t e d  and measured 
sediment loads, t h e  s i m p l e  method o f  u s i n g  t h e  U n i v e r s a l  Soil  Loss 
Equat ion t o  p r e d i c t  sediment loads appears t o  have p o t e n t i a l  f o r  
f u t u r e  use i n  watersheds o f  s im i  l a r  s i z e ,  p a r t i c u l a r l y  i f  b e t t e r  
d e l i v e r y  r a t i o s  s p e c i f i c  f o r  southern O n t a r i o  were developed. Wi th  
r e a d i l y  a v a i l a b l e  data on s o i l s ,  land use and topography, i t  a l s o  
appears t h a t  t h i s  method o f  suspended sediment load p r e d i c t i o n  has 
p o t e n t i a l  f o r  l a r g e r  bas ins  i n  t h e  Canadian Great Lakes Drainage 
Basin f o r  which no measured sediment load da ta  i s  a v a i l a b l e .  
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7.0 SEDIMENT CONTRIBUTING AREAS 
IN AGRICULTURAL AREAS 

7.1 I n t r o d u c t i o n  

Dur ing  the  t r a n s p o r t  phase ' o f  t h e  s o i  1 eros ion process,  deposi t i o n  
o f  eroded m a t e r i a l s  may t a k e  p l a c e  (e.g. i n  depress ional  areas, a t  fence 
rows, a long grassed b u f f e r  s t r i p s )  b e f o r e  e n t r a i n e d  sediments reach t h e  
s t ream system. This  d e p o s i t i o n a l  process may r e s u l t  i n  a l l  o r  p a r t  o f  t h e  
eroded mate r ia1  b e i n g  deposi ted.  When p a r t i a l  d e p o s i t i o n  occurs, i t  i s  
usua 1 l y  t h e  coarse sediments t h a t  become depos i ted  l e a v i n g  the remain ing 
e r o d i n g  m a t e r i a l s  e n r i c h e d  w i t h  f i n e  t e x t u r e d  sediments. As a r e s u l t  o f  
d e p o s i t i o n a l  phenomena and c l o s e d  m i c r o  dra inage systems, i t  has been 
r e c e n t l y  suggested t h a t  o n l y  p a r t  o f  an a g r i c u l t u r a l  landscape c o n t r i b u t e s  
eroded s o i l  m a t e r i a l s  t o  the stream (D ick inson  and Wh i te ley ,  1970; Moore 
-- e t  a l ,  1976).  These s t u d i e s  have a l s o  i n d i c a t e d  t h a t  c o n t r i b u t i n g  areas 
o f  a watershed a r e  n o t  cons tan t ,  b u t  vary o v e r  the year. 

To g i v e  some i n s i g h t  t o  c o n t r i b u t i n g  areas 
landscapes i n  southern O n t a r i o ,  a s tudy was i n i t i a t e d  
o b j e c t i  ve: 

- t o  p h y s i c a l l y  d e f i n e  t h e  seasonal v a r i a b i  
sediment source areas i n  two a g r i c u l t u r a l  

n a g r i c u l t u r a l  
w i t h  the f o l  lowing 

i t y  i n  
watersheds. 

The s tudy approach has i n v o l v e d  d e f i n i n g  and q u a n t i f y i n g  sediment 
source areas by  f i e l d  o b s e r v a t i o n s  d u r i n g  o r  immediate ly  f o l l o w i n g  r u n o f f  
events.  I n  a d d i t i o n ,  a Sediment T ranspor t  Computer Model (see Chapter 6)  
has been used t o  p r e d i c t  sediment p roduc ing  areas. P r e d i c t e d  and observed 
sediment source areas have been compared. 

Resu l t s  from the two y e a r  f i e l d  i n v e s t i g a t i o n  (1975, 1976) have 
a l s o  been compared t o  r u n o f f  p roduc ing  es t ima tes  made b y  Wh i te ley  (1978).  

7.2 Data C o l l e c t i o n  Methods 

A d e t a i l e d  f i e l d  program t o  eva lua te  sediment source areas i n  
(AG-4) Canagagigue Creek and (AG-5 )  Ho l i day  Creek watersheds was 
i n i t i a t e d  i n  March 1975 and con t inued  t o  A p r i l ,  1977. F i e l d  v i s i t s  
were made d u r i n g  o r  s h o r t l y  a f t e r  r u n o f f  - p roduc ing  snowmelt and 
r a i n f a l l  even ts  t o  d e f i n e  and q u a n t i f y  f i e l d  c o n t r i b u t i n g  areas by 
o n s i t e  v i s u a l  obse rva t i ons .  Fo r  each event ,  t he  p r o p o r t i o n  of  i n d i v i d u a l  
f i e l d s  observed t o  c o n t r i b u t e  r u n o f f  w a t e r  was determined and noted. 
Observed f i e l d s  were c l a s s i f i e d  i n t o  the f o l l o w i n g  r u n o f f  c o n t r i b u t i n g  
area c a t e g o r i e s :  
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0% - no runof f  

11 - 2% - medi urn r u n o f f  
26 - 50% - h i g h  r u n o f f  

1 - 10% - low runoff 

>5O?/O - v e r y  h i g h  r u n o f f  

F o r  t h e  d e t e r m i n a t i o n  o f  t h e  r e l a t i v e  amounts o f  sediment i n  runoff 
water  l e a v i n g  t h e  observed f i e l d s  a t  f i e l d  boundaries, grab samples of run- 
o f f  water  were taken i n  250  m l  b o t t l e s .  Water samples were analysed f o r  
t u r b i d i t y  (Jackson T u r b i d i t y  U n i t s ) .  
high, medium, low and no sediment p roduc ing  classes. 

The f i e l d s  were then c l a s s i f i e d  i n t o  

S e l e c t i o n  of f i e l d s  i n  each watershed was main ly  based on accessa- 
b i l i t y  so t h a t  observed f i e l d s  were l o c a t e d  a t  o r  
determine t h e  p r o p o r t i o n  o f  
o f f ,  a small  r e p r e s e n t a t i v e  subbasin (about 3 km2) wi th in each watershed was 
se lected i n  1975 f o r  d e t a i l e d  f i e l d  observa t ions  ( F i g u r e  1 1 ,  subbasin 1 and 
F i g u r e  12, subbasin 2 ) .  A l l  f i e l d s  i n  each o f  these subbasins were added t o  
t h e  a1 ready se lec ted  f i e l d s  f o r  watershed c o n t r i b u t i n g  area observat ions.  
number o f  f i e l d s  f o r  which r u n o f f  was observed d u r i n g  t h e  1975 c l i m a t i c  
events v a r i e d .  Dur ing 1976, however, t h e  f i e l d  program was i n t e n s i f i e d  by 
emphasizing sediment source areas r a t h e r  than runof f  areas. T h i s  r e s u l t e d  
i n  n o t  o n l y  more f i e l d s  observed, b u t  a l s o  i n  a l l  t h e  f i e l d s  be ing  observed 
f o r  each event. I n  o t h e r  words, a cons tan t  number of  f i e l d s  were observed 
d u r i n g  every runof f  p roduc ing  c l i m a t i c  events. The number o f  f i e l d s  observed, 
i n c l u d i n g  a l l  f i e l d s  f rom t h e  subbasin, d u r i n g  r u n o f f  events i n  1975 and 1976, 
a r e  sunrna r i  zed be l  ow: 

near t h e  roads. To 
a landscape (watershed) t h a t  c o n t r i b u t e s  t o  run- 

The 

1975 1976 
Ranqe Mean 

AG-4 5-31 14 31 
AG-5 4- 30 15 53 

Since the  i n d i v i d u a l  f i e l d s  observed had v a r i a b l e  dimensions, t h e  
area o f  each f i e l d  was measured on a e r i a l  photographs (1316,640 sca le ) .  
zones v a r i e d  between 1.5 and 40 ha f o r  bo th  watersheds. The f i x e d  number 
of f i e l d s  observed d u r i n g  1976 events had a t o t a l  area of 163 ha (31 f i e l d s )  
f o r  AG-4 and 414 ha ( 5 3  f i e l d s )  f o r  AG-So T h i s  represented 9% and 14% of 
t h e  t o t a l  watershed area f o r  AG-4 and AG-5 r e s p e c t i v e l y .  Dur ing  1975, t h e  
t o t a l  area observed v a r i e d  f o r  each event, s i n c e  t h e  number o f  f i e l d s  v a r i e d  
f o r  each event. To i n c l u d e  1975 events f o r  da ta  ana lys is ,  a m in imum o f  4 
observed f i e l d s  f o r  each watershed and 3 f i e l d s  f o r  the  subbasin were assumed 
t o  be s u f f i c i e n t .  
(March 22, 1975). 
observed i n  1975. 

F i e l d  

T h i s  m i n i m u m  number of  observed f i e l d s  occur red  o n l y  once 
For  a l l  t h e  o t h e r  events, a l a r g e r  number o f  f i e l d s  were 

I n  o r d e r  t o  c l a r i f y  the  p i c t u r e  o f  c o n t r i b u t i n g  areas on a subwater- 
shed basin, f i e l d  work d u r i n g  the s p r i n g  p e r i o d  of  1977 (January - A p r i l )  was 
l i m i t e d  t o  d e t a i l e d  f i e l d  observa t ions  i n  b o t h  r e p r e s e n t a t i v e  subbasins of 
AG-4 and AG-5 watersheds. The f i e l d  program was d iscont inued i n  A p r i l ,  1977. 

73 



PR
OP

OR
TI

ON
 O

F 
TO

TA
L 

l?
Il%

D
'h

EA
 

(%
> 

PR
EC

IP
. 
(M
M)
 

tJ 4 F
 



7.3 Exper imenta l  Resu l t s  

For  each e v e n t  observed i n  the f i e l d  d u r i n g  1975 and 1976, da ta  
on f i e l d  c o n t r i b u t i n g  areas and f i e l d  zones have been analysed t o  determine 
the  p r o p o r t i o n  o f  t o t a l  f i e l d  area observed i n  each c o n t r i b u t i n g  area c lass.  
Resu l t s  o f  t h i s  a n a l y s i s  a re  g r a p h i c a l l y  p resen ted  i n  F i g u r e  18 and Appendix 
7. C o n t r i b u t i n g  area r e s u l t s  a r e  d iscussed i n  an example f o r  AG-4 watershed 
d u r i n g  the  f i r s t  6 months o f  1975 ( F i g u r e  18).  The X-ax is  o f  F i g u r e  18 
represent  a d a i l y  t ime  sca le ,  so  t h a t  t he  e x a c t  d a t e  o f  f i e l d  v i s i t s  can 
be  i n d i c a t e d .  

Observat ions f o r  AG-4 d u r i n g  1975 commenced a f t e r  March 26th.  
For  each f i e l d  v i s i t  ( r u n o f f  even t ) ,  t h e  c l i f f e r e n t  r u n o f f  c o n t r i b u t i n g  
area c lasses  have been d e p i c t e d  by d i f f e r e n t  g r a p h i c a l  l i n e s .  The v e r t i c a l  
l eng th  o f  each c lass  ( o r  l i n e  i n  f i g u r e )  rep resen ts  tb,e p r o p o r t i o n  o f  
t o t a l  f i e l d  area observed f o r  t h a t  event ,  expressed as a percentage on 
t h e  v e r t i c a l  a x i s  o f  F i g u r e  18. The dimensionless s c a l e  p rov ides  comparisons 
o f  t he  r e s u l t s  i n  1975 ( h a v i n g  a v a r i a b l e  t o t a l  area observed) w i t h  t h e  
1976 r e s u l t s  (hav ing  a cons tan t  area observed f o r  each even t ) .  F i e l d  v i s i t s  
f o r  which n o  d i s c e r n i b l e  c o n t r i b u t i n g  r u n o f f  areas were observed have been 
exc luded f rom f u r t h e r  da ta  a n a l y s i s .  These even ts  a r e  i n d i c a t e d  b y  a t h i n  
s o l i d  l i n e ,  r e p r e s e n t i n g  t h e  ze ro  on the c o n t r i b u t i n g  area c lass .  For 
convenient  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s ,  p r e c i p i t a t i o n  depths i n  m i l l i m e t e r s  
(Sanderson, 1977) a re  d e p i c t e d  as bar-graphs a t  t h e  top o f  F i g u r e  18. These 
amounts i n c l u d e  b o t h  r a i n f a l l  and water e q u i v a l e n t  o f  s n m e l t .  L ikewise,  
c o n t r i b u t i n g  area r e s u l t s  a r e  p resen ted  i n  Appendix 7 f o r  1975 f o r  AG-4, 
AG-5,  AG-5 subbasin and f o r  1976 f o r  AG-4,  AG-5, AG-5 subbasin r e s p e c t i v e l y .  

S i n c e  f i e l d s  i n  t h e  s e l e c t e d  subbasin o f  A G - 4  watershed were 
remote ly  l oca ted ,  obse rva t i ons  d u r i n g  1975 and 1976 were n o t  f r e q u e n t  enough 
f o r  data a n a l y s i s  purposes. Consequently, no da ta  has been p resen ted  f o r  
t he  subbasin o f  AG-4  watershed d u r i n g  t h a t  pe r iod .  C o n t r i b u t i n g  areas, 
however, f o r  b o t h  subbasins AG-4  and AG-5 were observed i n  d e t a i l  d u r i n g  
January .- A p r i l ,  1977 and have been presented i n  Table 18. These even ts  
have been i n c l u d e d  i n  f u r t h e r  a n a l y s i s  o f  the data.  

7.4 Data A n a l y s i s  and I n t e r p r e t a t i o n  

7.4. 1 C o n t r i b u t i n g  Area Graphs 

Resu l t s  i n  F i g u r e  18 and Appendix 7 i n d i c a t e  t h a t  f i e l d  v i s i t s  
do n o t  always c o i n c i d e  w i t h  t h e  peak r a i n s t o r m  events,  d e p s i t e  t h e  
f a c t  t h a t  a farmer i n  each o f  the watersheds phoned the o f f i c e  a f t e r  
a c e r t a i n  amount o f  r a i n f a l l  took p lace.  F i e l d  v i s i t s  s h o r t l y  
a f t e r  r u n o f f  even ts  have been used t o  r e c o n s t r u c t  the c o n t r i b u t i n g  
area p i c t u r e ,  c o n s i d e r a t i o n  hav ing  been g i v e n  t o  r u n o f f  and e r o s i o n  
f e a t u r e s ,  such as washout areas, r i l l s  and g u l l i e s  (e.g. J u l y  21, 1976 
i n  A G - 5 ) .  The l i m i t a t i o n s  o f  t h i s  approach should be recognized. 
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T a b l e  18: P e r c e n t a g e  of landscape  g e n e r a t i n g  f l u v i a l  sediments  i n  
s u b b a s i n s  of two a g r i c u l t u r a l  watersheds .  

EVENT AG-4 AG-5 
(Canagagigue Creek) Holiday Creek 

March 9 ,  1977 5 25 

March 10, 1977 5 20 

March 11, 1977 5 10 

March 13, 1977 1 5  -- 
March 1 4 ,  1977 25 c- 

S p r i n g ,  1977 11 18 
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The graphs i n d i c a t e  how w e l l  runof f  events  c o r r e l a t e  w i t h  
p r e c i p i t a t i o n .  Also,  the r e s u l t s  revea l  t h a t  a c e r t a i n  amount o f  
snowmelt o r  r a i n f a l l  w a t e r  i s  needed b e f o r e  f i e l d  r u n o f f  occurs.  
This  amount v a r i e s  o v e r  t h e  season, depending on the antecedent s o i l  
m o i s t u r e  cond i t ions .  A good example o f  t h i s  phenomenon i s  shown f o r  
AG-5 i n  June, 1975 (Appendix 7 ) ,  where about 25 mm o f  r a i n f a l l  on  wet 
s o i l s  r e s u l t e d  i n  h i g h  r u n o f f  amounts i n d i c a t e d  by l a r g e  areas c o n t r i b u t i n g  
i n  each c lass .  However, the same amount and even double t h a t  amount 
o f  r a i n f a l l  on d r y  s o i l s  i n  August o f  the same year  d i d  n o t  cause any 
observable r u n o f f  f o r  AG-5. 

7 . 4 . 2  C o n t r i b u t i n g  Area Index 

I n  o r d e r  t o  compare d i f f e r e n t  events  ( f i e l d  v i s i t s ) ,  w i t h i n  
o r  among watersheds, a s i n g l e  c o n t r i b u t i n g  area index  has been developed. 
The index has been computed by i n t e g r a t i n g  f i e l d  areas w i t h  c o n t r i b u t i n g  
area classes, accord ing  t o  the f o l l m i n g  equat ion:  

C . A . I .  = C(A x M) x 100, where 
CA 

C . A . I .  = c o n t r i b u t i n g  area index o f  t o t a l  area observed 
( i n  %) ,  

A = number o f  hectares i n  each c o n t r i b u t i n g  area  c l a s s ,  
M = c o n t r i b u t i n g  area c l a s s  m i d p o i n t  (%) ,  
C = t o t a l  area observed f o r  each event .  

C o n t r i b u t i n g  area index  values, which are i n  f a c t  area- 
weighted mean c o n t r i b u t i n g  areas , have been computed f o r  a1 l snowmel t 
and r a i n f a l l  r u n o f f  p roduc ing  events  observed d u r i n g  1975 and 1976. 
Resu l ts  o f  the computations f o r  AG-4 and AG-5 a r e  presented on a 
monthly b a s i s  (Table 19) .  Raw data a r e  found i n  Appendix 7. Table 19 
demonstrates t h a t  average monthly c o n t r i b u t i n g  areas f o r  t h e  same 
watershed a r e  h i g h l y  v a r i a b l e  f rom year  t o  year  d u r i n g  t h e  s p r i n g  
( F e b r u a r y - A p r i l ) .  For example, c o n t r i b u t i n g  areas vary from 4-14% i n  
t h e  month o f  A p r i l  i n  AG-4, or from 5-22% i n  the month o f  March i n  AG-5. 
T h i s  v a r i a b i l i t y  i s  o f  no  s u r p r i s e ,  s i n c e  c o n t r i b u t i n g  areas a r e  s t r o n g l y  
i n f l u e n c e d  by t h e  h i g h l y  v a r i a b l e  c l i m a t i c  events. 

‘Mean annual c o n t r i b u t i n g  areas show the  same v a r i a b l e  t rends 
b u t  ones n o t  as extreme as f o r  t h e  monthly va lues  (Table 19). 
i n  f i e l d  c o n t r i b u t i n g  areas observed i n  any one year  i s  la rge .  For 
example, AG-4 (1975) : 1-25%; AG-5 (1976) : 1-65%; AG-5 subbasin (1976) : 
l l - 7 2 %  ( t a b l e  19).  Since t h e  number o f  y e a r l y  observed r u n o f f  events  
i s  low ( they  vary  between 8-11 e v e n t s ) ,  i t  i s  d e s i r a b l e  t o  look a t  t h e  
2 year  mean watershed c o n t r i b u t i n g  area, which was found t o  be 10% i n  
AG-4 ( 1 7  observa t ions)  and 15% i n  AG-5 (21 observa t ions) .  For  the  
subbasin of AG-5, the 2 y e a r  mean c o n t r i b u t i n g  area was found t o  b e  
h i g h e s t  i .e.  20% (17  o b s e r v a t i o n s ) .  

The range 
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Table 19: Average monthly sediment  c o n t r i b u t i n g  areas ( p e r c e n t )  f o r  a l l  snowmelt and r a i n f a l l  r u n o f f  
producing e v e n t s  observed d u r i n g  1975 and 1976 f o r  AG-4 and AG-5 watersheds .  

For Events  
NUMBER OF 

WATERSHED YEAR J F M A M J J A S 0 N D RANGE MEAN OBSERVATIONS 

AG-4 

AG-4 

AG-4 

AG-5 

AG- 5 

AG-5 

AG-5 
Sub b a s  i n  

1975 -* - 11 1 4  13 9 - 1 2  - - - - 9-25 13 9 

1976 - - 11 4 4  6 4 -  1 - - 1-18 7 8 

1975- - - 11 13 9 8 4 1 2  1 -  c - 1-13 10 1 7  
76 

1975 - - 22 1 2  - 17 - - - -  - 6  6-25 16 11 

1976 - 6 5  2 4  - 1 8 6 5  3 -  - - 3-65 14 10 

1975- - 6 1 5  10 4 17  18 65 3 - - 6  3-65 1 5  2 1  
76 

1975- - - 9  9 3 27 28 72 3 - - - 3-72 20 1 7  
76 

* R a i n f a l l  and snowmelt e v e n t s  w i t h o u t  o b s e r v a b l e  s u r f a c e  runoff  (0% c o n t r i b u t i n g  area c l a s s )  are  n o t  
included i n  t h i s  t a b l e .  



7.4.3 Seasonal C o n t r i b u t i n q  Areas 

The da ta  i n  Appendix 7 have been f u r t h e r  analysed f o r  season- 
a l  t rends.  I n  a d d i t i o n ,  da ta  f o r  s p r i n g  1977 (Tab le  20) a r e  inc luded,  
Resul ts  o f  average seasonal c o n t r i b u t i n g  areas a r e  presented i n  Table 
20. 

Table 20 i n d i c a t e s  l a r g e  v a r i a t i o n s  i n  mean c o n t r i b u t i n g  
areas among d i f f e r e n t  seasons i n  any one year (e,g. 3-2& f o r  AG-5, 1976; 
3-32% f o r  AG-5 subbasins d u r i n g  1976) a s  w e l l  as between some seasons i n  
d i f f e r e n t  years (e.g. 4-17% w i n t e r  1976 and 1975 f o r  AG-5). 
f a l l  f requency and r a i n f a l l  amounts d u r i n g  t h e  f a l l  seasons i n  AG-4, 
AG-5 and AG-5 subbasin, e s p e c i a l l y  d u r i n g  t h e  months o f  November and 
December (Appendix 7) a r e  expressed by t h e  low number o f  runoff p ro-  
duc ing f i e l d  observa t ions  ( T a b l e  20), Hence the  lowest  seasonal runoff 
c o n t r i b u t i n g  areas occur d u r i  ng th i  s September - December per iod,  
v a r y i n g  between 1-6%. Average seasonal c o n t r i b u t i n g  areas i n  AG-4 
d u r i n g  t h e  s p r i n g  a r e  h i g h e r  than d u r i n g  t h e  summero T h i s  t r e n d  i s  
reversed f o r  AG-5 watershed and AG-5 subbasin. I n  AG-5, sumner storms 
have been found t o  be more f requent  w i t h  h i g h e r  r a i n f a l l  amount than i n  
AG-4, i n  p a r t i c u l a r  d u r i n g  1976, (Appendix 7) .  Over t h e  2 year p e r i o d  
1975-1976 [ 1977) , average c o n t r i b u t i n g  areas observed d u r i n g  t h e  s p r i n g  
season have been found t o  be t h e  same f o r  AG-4, AG-5 and AG-5 subbasin 
(12%). Dur ing  t h e  s u m e r  season, c o n t r i b u t i n g  areas i n  AG-5 watershed 
and AG-5 subbasin a r e  observed t o  be h i g h e r  (21% and 30% r e s p e c t i v e l y )  
than f o r  AG-4 watershed (8%). 

Low r a i n -  

Resu l ts  o f  d e t a i l e d  subbasin observa t ions  d u r i n g  t h e  s p r i n g  
season of 1977 reveal  t h a t  c o n t r i b u t i n g  areas in AG-4 subbasin (11%) 
a r e  about t h e  same as f o r  t h e  f i e l d s  observed i n  t h e  watershed d u r i n g  
1975-1976 (12%) ; whereas t h e  AG-5 subbasin has exhi  b i  t e d  more c o n t r i -  
b u t i n g  areas d u r i n g  s p r i n g  1977 (18%) than t h e  3 year  subbasin average 
of  12%. 

7.4*4 E x t r a p o l a t i o n  o f  Resul t s  

W i t h  respect  t o  landuse, the subwatershed i n  AG-5 appears t o  
p r o v i d e  a b e t t e r  r e p r e s e n t a t i o n  f o r  t h e  e n t i r e  b a s i n  than the subwater- 
shed i n  AG-4, The l a t t e r  has 
compared w i t h  t h e  e n t i  r e  watershed AG-4, The s e l e c t e d  f i e l d s  observed 
i n  A G - 4  and AG-5 a r e  g e n e r a l l y  f e l t  t o  be a reasonable sample of  t h e  
p o p u l a t i o n  o f  f i e l d s  i n  t h e  e n t i r e  watersheds w i t h  respect  t o  l a n d  use, 
so i  1 s and topography. Consequently, c o n t r i b u t i n g  area r e s u l t s  based 
on these sampled f i e l d s  may be used f o r  e x t r a p o l a t i o n  o f  r e s u l t s  t o  
t h e  e n t i r e  b a s i n  o f  AG-4 and AG-5. 

a h i g h e r  percentage o f  grass and woodlands 

7.4.5 C o n t r i b u t i n g  Areas i n  R e l a t i o n  t o  Sediment Producing Areas 

Since an o b j e c t i v e  of  t h i  s c o n t r i b u t i n g  area i n v e s t i g a t i o n  
has been t o  d e f i n e  and q u a n t i f y  sediment source areas i n  t h e  two water-  
sheds AG-4 and AG-5, t u r b i d i t y  da ta  f rom grab r u n o f f  samples have been 

79 / 



03 
0 

Table  20: Mean s e a s o n a l  sediment c o n t r i b u t i n g  areas ( p e r c e n t )  f o r  a l l  s n c x n e l t  and r a i n f a l l  
runoff  producing e v e n t s  observed d u r i n g  1975-1977 f o r  AG-4 and AG-5 watersheds  

and subbas ins .  

WATERSHED YEAR WINTER SUMMER FALL TOTAL YEAR 
AND (Jan.--April) - (May--Augus t ) (Sept--Dec.) (Jan.-Dec.) 

SUBBASIN MEAN NO. OF MEAN NO. OF MEAN NO. OF MEAN NO. OF 
OBSERVATIONS OBSERVATIONS OBSERVATIONS 0 B S ERVAT I ON S 

AG-4 

AG- 4 

AG- 4 

AG- 5 

AG-5 

AG- 5 

AG- 4 
Subba s i n  

AG-5 
Subbasin 

AG-5 
Subbasin 

AG- 5 
Subbasin 

AG- 5 
Subbasin 

1975 

1976 

1975- 
76 

1975 

1976 

1975- 
76 

1977 

1975 

1976 

1977 

1975, 
76, 

1 4  

10 

1 2  

17 

4 

1 2  

11 

13 

4 

18 

12  

6 

4 

10 

6 

4 

IO 

5 

4 

3 

3 

10 

11 

5 

8 

1 7  

24 

2 1  

-- 

27 

32 

-- 

30 

3 

3 

6 

4 

5 

9 

-7 

4 

5 

-- 

9 

13 

7 

10 

1 6  

1 4  

15 

-- 

20 

20 

-- 

1 9  

9 

8 

17 

11 

10 

2 1  

-- 

8 

9 

-- 

20 



c o l l e c t e d  i n  o rder  t o  c l a s s i f y  t he  observed f i e l d s  i n t o  a h igh ,  medium, 
lm and no sediment producing class.  
event reveals a s c a t t e r  o f  t u r b i d i t y  values bear ing no r e l a t i o n s h i p  
w i t h  observed runof f  c o n t r i b u t i n g  areas. This  tu rb id ;  t y  in fo rmat ion  
has there fore  been used i n  a general q u a l i t a t i v e  way t o  support  f i e l d  
observat ions about the magnitude o f  sediments c a r r i e d  by r u n o f f  water 
leav ing  the f i e l d s .  

Analysis o f  these data f o r  each 

Wi th  few except ions,  r u n o f f  c o n t r i b u t i n g  areas dur ing  the 
sp r ing  pe r iod  (January-Apr i l )  ca r ry  sediments from t h e  f i e l d  v i a  an 
a c t i v e  drainage system o f  waterways, roadside d i tches,  i n t e r m i t t e n t  
streams and ephemeral streams, i n t o  the  main channel. This spr ing  
pe r iod  has been observed ( i  .e. through t u r b i d i t y  measurements) t o  
have a h igh  d e l i v e r y  o f  sediments from the f i e l d s  i n t o  the stream 
sytern, mainly due t o  f rozen s o i l  o r  h igh  antecedent s o i l  mois ture 
cond i t i ons  and a lack o f  e f f e c t i v e  ground cover t rapp ing  s o i l  ma te r ia l  
du r ing  the t ranspor t  phase o f  t h e  s o i l  e ros ion  process. Consequently, 
the r u n o f f  c o n t r i b u t i n g  areas observed dur ing  t h i s  per iod  may be 
considered as sediment producing areas. 

During the s u m e r  pe r iod  (May-August) , however, t u r b i d i t y  
data i n d i c a t e  genera l l y  low amounts o f  sediment o r  o f t e n  no sediments 
a t  a l l  i n  runo f f  water leav ing the f i e l d s .  Even i f  sediment loaded 
runo f f  water dur ing h igh  r a i n f a l l  events leaves the f i e l d s ,  i t  has 
been observed t h a t  most o f  the sediments are being trapped in  t ranspor t  
through we1 1 vegetated sur face drainage systems before reaching the 
main channel. I n  o ther  words, a low de l i ve ry  o f  sediments from the 
land base t o  the stream system takes p lace  dur ing t h i s  per iod,  p a r t l y  
caused by a good vegetat ion s o i l  p r o t e c t i o n .  Consequently, runof f  
c o n t r i b u t i n g  areas observed dur ing the  summer and f a l l  per iods  a r e  
considered as p o t e n t i a l  sediment producing areas, ra the r  than a c t i v e l y  
sediment producing areas. 

7.5 Conclusions 

This  two year s tudy (1975, 1976) regarding areas tha t  con t r i bu te  
sediments i n t o  the streams has revealed t h a t  on the average about 10% o f  
the watershed area i n  AG-4 and 15% o f  AG-5 has the p o t e n t i a l  o f  c o n t r i b u t i n g  
to  stream sediment loads du r ing  the year. 

Under h igh s o i l  mois ture cond i t ions ,  such as the w i n t e r  season 
(January-Apr i l ) ,  charac ter ized  by a h igh  de l i ve ry  o f  sediment loaded runof f  
water t o  the stream system, average sediment producing areas have been found 
t o  be 12% o f  t h e  t o t a l  watershed area f o r  AG-4, AG-5 and AG-5 subbasin. 
Areas c o n t r i b u t i n g  t o  runo f f  dur ing the summer (May-August) under low s o i l  
mois ture cond i t ions  a r e  lower f o r  AG-4 (8%) than dur ing the  spr ing,  bu t  
h ighe r  f o r  AG-5 (21%) and s t i l l  h igher  f o r  AG-5 subbasin (30%) due t o  
extremely h igh  r a i n f a l l  events dur ing  the  summer o f  1976. Con t r i bu t i ng  
areas dur ing  the fa1 1 season (September-December) have been found t o  be 
lowest, ranging between 0-5% of the  areas o f  AG-4 and AG-5 watersheds. 
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Since runoff  water during the sumner and f a l l  season i s observed 
t o  be car ry ing  no sediment o r  low sediment amounts tha t  become trapped 
before  reaching the stream system, areas observed to cont r ibute  to runoff  
during these seasons a r e  considered as p o t e n t i a l  sediment producing areas 
rather than a c t i v e  sediment producing areas. 
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8.1 

sed 

8.0 THE REDUCTION OF SOIL EROSION 
AND FLUVIAL SEDIMENT LOADS 

I n t r o d u c t i o n  

I n  t h i s  chapter ,  severa l  schemes fo r  reduc 
m e n t a t i o n  i n  smal l  agr c u l t u r a l  watersheds are  d 

ng s o i l  e r o s i o n  and 
scussed . 

Two o f  t h e  methods employed e a r l i e r  i n  the i n v e s t i g a t i o n  are  
r e a d i l y  adaptable t o  t h e  assessment o f  remedial measures f o r  so i  1 e r o s i o n  
and sediment c o n t r o l .  The f i r s t  o f  these methods, t h e  Sediment Transpor t  
Computer Model, has been used t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  reducing 
s o i l  loss from areas w i t h  the h i g h e s t  u n i t  area loadings on t o t a l  watershed 
sediment loads. I n  a d d i t i o n ,  s i m u l a t i o n  techniques w i t h  t h e  Sediment Transpor t  
Computer Model have been used t o  eva lua te  the e f f e c t s  o f  d i f f e r e n t  land uses 
and e r o s i o n  c o n t r o l  p r a c t i c e s  i n  reducing p r e d i c t e d  watershed sediment 
y i e l d s .  A second method used t o  assess the e f f e c t s  o f  remedial  measures 
on  s o i l  e r o s i o n  (e.g. minimum t i l l a g e ,  cross s lope farming, s t r i p  cropping) 
i s  a l s o  discussed i n  t h i s  chapter .  

8.2 Sediment Transpor t  Computer Model: E f f e c t s  of reducing s o i l  loss f rom 
the most e ros ion  s e n s i t i v e  areas on watershed sediment loads 

8.2. 1 Data Col l e c t i o n  Methods 

Data c o l  l e c t i o n  and methodology f o r  mapping sediment-producing 
areas by t h e  Sediment Transpor t  Computer Model have been discussed i n  
Chapter 4. 

8.2.2 Exper imental  Resu l ts  

Resu l ts  f rcm the mapping of sediment-producing areas i n  AG-4 
and AG-5 watersheds have been presented i n  F igures  15 and 16 of  Chapter- 
6 .  For t h e  purpose of e v a l u a t i n g  the e f f e c t s  o f  reducing s o i l  loss 
from sediment-producing areas on t o t a l  watershed sediment loads, resu l  t s  
i n  F i g u r e  15 and 16 o f  Chapter 6 have been subjected t o  f u r t h e r  ana lys is .  
Beginning w i t h  t h e  h i g h e s t  sediment-producing c l a s s  (>40 t o n / c e l l )  , t h e  
cumulat ive percent  o f  bo th  t h e  p r e d i c t e d  load ing  r a t e s  and a e r i a l  d i s -  
t r i b u t i o n  f o r  the e i g h t  sediment-producing c a t e g o r i e s  have been computed. 
The r e s u l t s  o f  these computations are  presented i n  Tables 21 and 22. 
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'I'ABLE 2 2 :  A e r i a l  D i s t r i b u t i o n  and Loading R a t e s  f o r  D i f f e r e n t  S e d i m e n t  Producing C a t e g o r i e s  i n  
AG-5 ( H o l i d a y  C r e e k )  

SEDIMENT PRODUCING 
CATEGORY 

(ton/ ha/ y r  ) 

CUMULATIVE SEDIMENT CUMULATIVE P R E D I C T E D  
PRODUCING AREAS SEDIMENT LOADS 
(ha 1 (a (%> 

40 1 

53 1.3 

93 2 

1 7 0  5 

352 11 

558 18 

2725 90 

17 

2 1  

32 

47 

66 

77 

100 



Also, the  da ta  p o i n t s  from both  t.ables have been used t o  p l o t  cumulat ive 
sedimen t -produci  ng areas agai ns t cumulat i ve p r e d i c t e d  watershed sediment 
loads. 
a r e  presented i n  F i g u r e  19. 

L ines connect ing these da ta  p o i n t s  f o r  AG-4 and AG-5 watersheds 

8.2.3 Data A n a l y s i s  and I n t e r p r e t a t i o n  

Tables 21 and 22 show t h e  e f f e c t i v e n e s s  o f  c o n t r o l l i n g  d i f f e r e n t  
l e v e l s  o f  sediment p r o d u c t i o n .  I n  AG-5, 17% o f  the t o t a l  p r e d i c t e d  
watershed sediment load c o u l d  be reduced by c o n t r o l l i n g  the h i g h e s t  
sediment-producing c l a s s  ( > l o  ton/ha/yr)  t o  low l e v e l s ,  assumed a t  
< 1  ton/ha/yr.  T h i s  c o n s t i t u t e s  an area o f  40 ha i n  c lose  p r o x i m i t y  
t o  the  streams. When a l l  areas producing > 8  ton/ha/yr  o f  sediments 
(53 ha) a r e  reduced t o  a 1w l e v e l  o f  <1 ton/ha/yr,  watershed sediment 
o u t p u t  cou ld  be reduced by about 21%. Reducing watershed sediment loads 
by about 20% i n  AG-4 Canagagigue Creek i m p l i e s  c o n t r o l l i n g  sediment 
p r o d u c t i o n  on an area of about 100 ha (Table 21) .  

F i g u r e  19 shows the r e l a t i o n s h i p  between sediment-producing 
areas and sediment loads f o r  AG-4 and AG-5, as a means o f  assessing 
t h e  r e l a t i v e  d i s t r i b u t i o n  o f  sediment source areas. I t  i s  apparent 
from F igure  19 t h a t  AG-5 r e q u i r e s  the a p p l i c a t i o n  o f  remedial measures 
t o  a g r e a t e r  land area i n  o rder  t o  reduce sediment loads by an e q u i v a l e n t  
percent  on  AG-4. 
remedial measures need t o  be i n s t i t u t e d  on on ly  6% o f  the watershed area 
i n  AG-5; w h i l e  f o r  AG-4, 16% o f  t h e  area  r e q u i r e s  t rea tment  f o r  t h e  same 
r e d u c t i o n  i n  sediment load ( 5 0 % ) .  

For example, t o  reduce watershed sediment loads by h a l f ,  

The p r e v i o u s  d iscuss ion  on t h e  e f f e c t i v e n e s s  o f  c o n t r o l  l i n g  
d i f f e r e n t  l e v e l s  o f  sediment p r o d u c t i o n  i n  reducing watershed sediment 
l o a d  was based on t h e  assumption t h a t  the sediment-producing c a t e g o r i e s  
were reduced t o  a low l e v e l  ( < I  ton/ha/yr )  o f  sediment p r o d u c t i o n  w i t h  
the h i g h e s t  sediment-producing category ( > l o  ton/ha/yr)  cons idered 
i n i t i a l  l y  and progress ing  t o  t h e  lcwest  sediment producing category 
( < 1  ton /ha /y r ) .  No at tempt  has been made t o  eva lua te  the e f f e c t i v e n e s s  
of reducing sediment loads (e.g. 25%, 50%) o f  a p a r t i c u l a r  sediment- 
producing c l a s s  by a f i x e d  percentage. 

8.3 Land Use And Eros ion  Cont ro l  S imu la t ion  

8.3.1 Data Col l e c t i o n  Methods 

S i m u l a t i o n  techniques w i t h  the  Sediment Transpor t  Computer Model 
have been used t o  e v a l u a t e  the e f f e c t s  o f  d i f f e r e n t  land uses and e r o s i o n  
c o n t r o l  p r a c t i c e s  i n  reducing p r e d i c t e d  watershed sediment y i e l d s .  Model 
i n p u t  va lues f o r  the  cropping-management "C" f a c t o r  and t h e  e r o s i o n  c o n t r o l  
p r a c t i c e s  "P'l f a c t o r  under p resent  land use c o n d i t i o n s  have been rep lace 
b y  newly computed values r e f l e c t i n g  s imu la ted  c o n d i t i o n s .  The f o l l o w i n g  
s i m u l a t e d  l a n d  uses and eros ion  c o n t r o l  p r a c t i c e s  have been considered: 
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F i g u r e  19: R e l a t i o n s h i p  Between Sediment Producing Areas and P r e d i c t e d  
Watershed Sediment Loads 
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P - C - 
- f a 1  l o w  p l o w e d  1 1 - e n t i  r e  watershed i n  f o r e s t  cover 0.02 1 - a l l  a r a b l e  land i n  permanent p a s t u r e  0.03 1 - a l l  a r a b l e  l a n d  i n  cont inuous g r a i n  corn, 0.45 1 

f a l l  plowed 

permanent pa s t u  r e  
- end c e l l s  o f  ephemeral dra inage n e t s  i n  1 

- c ross  s lope fa rming  0.75 - contour  fa rming  0.50 - s t r i p  cropping, across t h e  s lope 0.37 - s t r i p  cropping, on t h e  contour  0.25 

8.3.2 Experimental Resu l ts  

Resu l ts  o f  s imu la ted  land use and e r o s i o n  c o n t r o l  p r a c t i c e s  
T h i s  t a b l e  i n d i c a t e s  t h e  f o r  AG-4 and AG-5 a r e  presented i n  Tab le  23. 

e f f e c t i v e n e s s  o f  each p r a c t i c e  i n  reducing watershed sediment y i e l d s  
f rom c u r r e n t  l a n d  use ( f a l l  plowed) and c u l t i v a t i o n  p r a c t i c e s  assumed 
t o  be up-down s lope fa rming  - f a l l  plowed. With a few except ions 
reduc t ions  i n  p r e d i c t e d  watershed sediment loads a r e  the  
t h e  same f o r  b o t h  AG-4 and AG-5. 

same o r  about 

8.3.3 Data A n a l y s i s  and I n t e r p r e t a t i o n  

Precul t u r a l  l e v e l  s o f  sediment y i e l d  i n  AG-4 and AG-5 were 
Table computed by assuming a complete f o r e s t  cover (C va lue  of  .02), 

23 i n d i c a t e s  t h a t  under these s imulated c o n d i t i o n s ,  sediment y i e l d s  
i n  AG-4 were o n l y  17% and i n  AG-5 o n l y  922 o f  sediment 1 eve1 s found 
under p resent  1 and use condi  t i  ons, 

S i m i l a r i l y  when t h e  c u l t i v a t e d  l a n d  area, which i s  t h e  t o t a l  
watershed area exc lud ing  permanent p a s t u r e  and woodlands (81% o f  t o t a l  
watershed area f o r  b o t h  AG-4 and AG-5) was assumed t o  have a permanent 
grass cover, t h e  sediment l o a d  i n  b o t h  areas showed a p o t e n t i a l  reduc- 
t i o n  o f  7Pb - 87% o f  sediment l e v e l s  found under c u r r e n t  l a n d  use 
cond i t ions .  
e r o s i o n  and sediment c o n t r o l ;  but u n r e a l i s t i c  f r o m  an agronomic p o i n t  
o f  v iew s i n c e  c rop lands  a r e  taken o u t  o f  product ion.  

Permanent grass cover  i s  a v e r y  e f f e c t i v e  method f o r  

When a l l  c u l t i v a t e d  l a n d  was assumed t o  have g r a i n  corn  
( w i t h  convent ional  f a l l  p low t i l l a g e )  t o  
towards more cont inuous row cropp ing  systems i n  Ontar io  c u r r e n t  p r e d i c t -  
ed sediment l o a d s  were computed t o  i n c r e a s e  by more than 3 f o l d  f o r  
AG-4 and by 45% f o r  AG-5. 
t h e  absence of  cont inuous c o r n  under t h e  present  c ropp ing  system. 

p o t e n t i a l  t o  reduce watershed sediment loads. T h i s  e v a l u a t i o n  was 

s imulate p resent  t r e n d s  

The dramat ic i n c r e a s e  f o r  AG-4 i s  caused by 

Several c o n t r o l  p r a c t i c e s  were a1 so evaluated f o r  t h e i  r 
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Table 23: E f f e c t i v e n e s s  o f  Simulated Land Uses and Eros ion P r a c t i c e s  i n  Reducing Sediment 
Loads i n  AG-4 (Canagagigue Creek) and AG-5 ( H o l i d a y  Creek) Watersheds 

LAND USE 
SEDIMENT Y I E L D  REDUCTION COMPARED WITH 
CURRENT LAND USE AND CULTIVATION PRACTICES 

Current 1 and use, fa1 1 plowed 

AG-4 

0 

- AG-5 

0 

- 

A l l  c u l t i v a t e d  l a n d  i n  permanent p a s t u r e  75 87 

Complete f o r e s t  cover 8 3  91 

A l l  c u l t i v a t e d  l a n d  i n  cont inuous grai:n c o r n  300 4 5l 

E R O S I O N  CONTROL PRACTICE 

Current c u l t i v a t i o n  p r a c t i c e ,  up-down slope, f a l l  plowed 0 0 

Current l a n d  use, s p r i n g  plowed 24 15 

End c e l l  s i n  permanent pas ture  32 18 

Cross s lope farming 25 25 

Contour farming 50 50 

S t r i p  cropping, across t h e  s lope 63 63 

S t r i p  cropping, on t h e  contour  75 75 

'F igure  represents  an increase, r a t h e r  than a r e d u c t i o n  



accomplished by a s s i g n i n g  t o  the e r o s i o n  c o n t r o l  f a c t o r  "P" i n  the  
U.S.L .E.  an e m p i r i c a l  va lue  t h a t  r e f l e c t s  each o f  t h e  f o l l o w i n g  f o u r  
c o n t r o l  p r a c t i c e s :  cross s l o p e  and contour  farming, bo th  w i t h  and 
w i t h o u t  s t r i p  cropping.  Since values are  t h e  same f o r  b o t h  AG-4 and 
AG-5 watersheds, the p o t e n t i a l  reduc t ion  i n  sediment y i e l d  a l s o  remains 
the same. 

Table 2 3  demonstrates t h a t  w i t h o u t  s t r i p  cropping,  contour  
farming i s  t w i c e  as e f f e c t i v e  a s  s i m p l e  c ross  s lope fa rming  i n  reducing 
p r e d i c t e d  sediment y i e  1 ds f ran t h e  c u r r e n t  p r a c t i c e  o f  updown s lope 
fa rming  by about h a l f .  Wischmeier and Smith (1965) have found t h a t  
c o n t o u r i n g  appears t o  be most e f f e c t i v e  on slopes i n  the 3-7% range. 
For  s teeper  s lopes, a more e f f e c t i v e  method c o u l d  be used by p l a n t i n g  
a l t e r n a t e  s t r i p s  o f  grass and row crops o r  smal l  g ra ins  across the 
s lope o r  on the contour .  

Resul ts o f  t h e  computer s i m u l a t i o n  i n d i c a t e d  t h a t  these 
p r a c t i c e s ,  c a l l e d  s t r i p  c ropp ing ,  may reduce sediment y i e l d s  from 
updown s lope fa rming  b y  63-75% (Table 2 3 ) .  S t r i p  c ropp ing  w i t h  grass 
and/or  legume crops prov ides  f o r  g r e a t e r  i n f i l t r a t i o n  o f  r u n o f f  water  
and depos i t  ion o f  eroded m a t e r i a l .  

Cross s lope farming c rea tes  smal l  r idges and depressions 
t h a t  reduces r u n o f f .  I n  s p i t e  o f  t h e  f a c t  t h a t  areas w i t h  complex 
slopes may prec lude across s lope p l a n t i n g ,  t h i s  method, w i t h  o r  w i t h o u t  
s t r i p  cropping,  i s  more f e a s i b l e  and e a s i e r  t o  adopt than contour  
farming, s i n c e  f o l l o w i n g  f i e l d  contour  l i n e s  w i t h  mechanized m u l t i p l e  
row equipment can be cumbersome and t ime consuming. I n  a d d i t i o n ,  farm 
opera t ions  may be hampered by narrow rows and p o i n t  rows (Jacobson, 1969). 

S i m u l a t i o n  techniques a l s o  reveal  t h a t  when areas ( 4  ha c e l l s )  
i n  the  watershed where o v e r l a n d  f l c w  reaches a strearn-channel (end of 
ephemeral drainage n e t s )  a r e  assumed t o  be a grass cover, the t r a p p i n g  
o f  sediment i n  these areas r e s u l t s  i n  reduc t ions  o f  average y e a r l y  
sediment loads by 18% and 32% f o r  AG-4 and AG-5 watersheds r e s p e c t i v e l y .  
The disadvantage o f  t h i s  p r a c t i c e  i s  t h a t  areas o f  pr ime a g r i c u l t u r a l  
land may be taken o u t  o f  p r o d u c t i o n  a t  t h e  f a r m e r ' s  expense. 

When f a l l  p lowing o f  the  land i s  delayed t i l l  s p r i n g ,  computed 
f i e l d  e r o s i o n  and sediment y i e l d s  were reduced by 24% and 15% f o r  AG-4 
and AG-5 r e s p e c t i v e l y .  Th is  p r a c t i c e  r e s u l t s  i n  crop res idues remaining 
on the l a n d  t o  form an e f f e c t i v e  s o i l  cover  a g a i n s t  t h e  fo rces  o f  ra indrop  
sp lash  and o v e r l a n d  f low from r u n o f f  water .  

S ince the t r a n s p o r t  f a c t o r  "T", which has been based on  topo- 
g r a p h i c  d i f fe rences ,  i s  n o t  i n f l u e n c e d  by t h e  computer model s imu la t ions ,  



t h e  e f f e c t i v e n e s s  o f  e ros ion  c o n t r o l  p r a c t i c e s  i n  reduc ing  watershed 
sediment loads  i s  t h e  same f o r  reducing p o t e n t i a l  e ros ion  losses. 

8.4 E f f e c t i v e n e s s  o f  Conservat ion T i l l a g e  i n  Reducing S o i l  Eros ion  

8.4.1 Background 

S o i l  e r o s i o n  losses  c a n  a l s o  be reduced by conserva t ion  
For use i n  t h e  U . S . L o E . ,  Wischmeier (1973) has t i l l a g e  p r a c t i c e s .  

developed new s o i l  loss  r a t i o s  f o r  conserva t ion  t i l l a g e  p r a c t i c e s  i n  a 
cont inuous corn  c r o p  f o r  c rop  s tage per iods  1, 2 and 3, which a r e  t h e  
seed1 ing,  t h e  establ ishment  o f  t h e  crop, the growing and matur ing  
p e r i o d s  r e s p e c t i v e l y .  S o i l  l o s s  r a t i o s  a r e  e m p i r i c a l  measures of  t h e  
eros ion  c o n t r o l  e f f e c t i v e n e s s  o f  a p a r t i c u l a r  crop, as expressed by 
t h e  cropping-management f a c t o r  "C" i n  t h e  u n i v e r s a l  s o i l  l o s s  equat ion  
(Wischmeier and Smith, 1965). No s o i i  l o s s  r a t i o s  f o r  c rop  stage 
p e r i o d  4, t h e  p e r i o d  from g r a i n  c o r n  harves t  i n  the  f a l l  t o  conserva t ion  
t i l l a g e  o p e r a t i o n s  i n  spr ing,  have been presented by Wischmeier (1973), 
s i n c e  they v a r y  by l o c a l  parameters t h a t  i n f l u e n c e  t h e  percentage of 
e f f e c t i v e  groundcover by c o r n  residue; e,g. y i e l d  l e v e l s ,  res idue losses  
du r i  ng w i  n t e r  . 
8.4,2 Data C o l l e c t i o n  Methods 

Average va lues  o f  pub l i shed s o i l  l o s s  r a t i o s  f o r  c r o p  s tage 
p e r i o d s  1, 2 and 3 were used f o r  f o u r  s o i l  conserva t ion  t i l l a g e  p r a c t i c e s ,  
i n c l u d i n g  zero t i l l a g e ,  d i s k  and p l a n t ,  c h i s e l  plow w i t h  p o i n t s  and 
r o t a r y  s t r i p  t i l l a g e  (Wischmeier, 1973). S o i l  l o s s  r a t i o s  f o r  c r o p  
stage p e r i o d  4 have been evaluated u s i n g  average County g r a i n  corn  
y i e l d s  f o r  t h e  5 year p e r i o d  o f  1971-1975 ( O n t a r i o  M i n i s t r y  Agr ic .  
Food, 1976) t o  e s t i m a t e  t h e  amount o f  res idue produced by a p p l y i n g  t h e  
r u l e  of thumb o f  a pound o f  res idue f o r  each pound o f  g r a i n  corn  
produced (Wischmeier, 1973). However, s i n c e  res idue losses  d u r i n g  
w i n t e r  can be s u b s t a n t i a l  , 80% o f  t h e  res idue weight  has been considered 
as an average v a l u e  f o r  O n t a r i o  d u r i n g  c rop  stage p e r i o d  4. T h i s  r e s i -  
due weight  v a l u e  has been used t o  f i n d  the  percentage of  t o t a l  f i e l d  
sur face covered by mulch d u r i n g  t h i s  p e r i o d  (Wischmeier, 1973). Using 
W i  schmeier'  s (1973) methodology, so i  1 l o s s  r a t i o s  have been computed 
f o r  c rop  s tage p e r i o d  4 f o r  seven l o c a t i o n s  i n  southern Ontar io .  Con- 
s e r v a t i o n  t i l l a g e  p r a c t i c e s  and p l a n t i n g  o f  c o r n  a r e  performed by a 
s i n g l e  operat ion,  e l i m i n a t i n g  t h e  fa1 low per iod,  c rop  s tage p e r i o d  
F, t h a t  l a s t s  from pr imary  t i l l a g e  o p e r a t i o n s  t o  
Based on  t h e  new so i l  l o s s  
f o r  the  cropping-management f a c t o r  " C " ,  i n  the  U.S.L,E. have been 
computed . 

p l a n t i n g  o f  t h e  crop. 
r a t i o s  f o r  a cont inuous c o r n  crop,values 

8,4,3 Exper imental  Resu l ts  

Assuming o t h e r  f a c t o r s  i n  the  U.S.L,E. constant  ( r a i n f a l l ,  
s o i l ,  topography, e r o s i o n  c o n t r o l ) ,  a change o f  v a l u e  i n  t h e  cropping-  
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management f a c t o r  "C" r e s u l t s  i n  an equal change of va lue  i n  p o t e n t i a l  
s o i l  loss  due t o  t h e  l i n e a r  r e l a t i o n s h i p  of 
equat ion  w i t h  p red ic t ed  s o i l  e ros ion  l o s s e s .  
f o r  t h e  cropping-management "C" f a c t o r  a r e  repor ted ,  

t h e  "C" f a c t o r  i n  t h e  
Consequently,  on ly  va lues  

Resul t s  of t he  computat ions of cropping-management va lues  
under a cont inuous  g r a i n  corn  cropping s y s t e m  f o r  t h e  f o u r  t i l l a g e  
t r ea tmen t s  i n  seven l o c a t i o n s  i n  Southern Ontar io  a r e  presented  
Table  24, For eva lua t ion  of t h e  degree  of e f f e c t i v e n e s s  of t h e  f o u r  
conse rva t ion  t i l l a g e  p r a c t i c e s  i n  reducing p o t e n t i a l  soi  1 e ros ion  l o s s e s  
from a g r a i n  corn  crop, t h e  average reduct ion  i n  cropping-management 
v a l u e s  have been expressed a s percen tages  of  t h e  c o n t r o l ,  which i s 
f a l l  plowed convent ional  t i l l a g e  (Tab le  24) .  

i n  

8.4.4 Data Analys is  and I n t e r p r e t a t i o n  

Table  24 i n d i c a t e s  t h a t  z e r o - t i l l a g e  i s  t h e  most e f f e c t i v e  
(79%) conse rva t ion  t i l l a g e  p r a c t i c e  i n  reducing p o t e n t i a l  s o i l  l o s s .  
T h i s  v a l u e  (79%) i s  i n  c l o s e  agreement w i t h  f i n d i n g s  from a zero  t i l l -  
age s tudy i n  the U.S. (U.S.D.A., 1975). 
seedbed p r e p a r a t i o n  o t h e r  than p l a n t i n g  i n  narrow s l o t s  ( 6  cm) opened 
by a f l u t e d  c o u l t e r .  
l e a v i n g  i t  d i s t r i b u t e d  over  t h e  s o i l  s u r f a c e  throughout t h e  year .  This  
r e s i d u e  c r e a t e s  maximum soi 1 p r o t e c t i o n  a g a i n s t  t h e  e r o s i v e  f o r c e s  of 
ra indrop  impact and runoff water  dur ing  t h e  h ighly  vu lne rab le  crop-  
es tab l i shment  pe r iod  and i s  a l s o  e f f e c t i v e  during t h e  growing 
season but  t o  a lesser degree  a f t e r  ha rves t .  

Zero t i l l a g e  invo lves  no 

Zero t i l l a g e  does not  i n c o r p o r a t e  any res idue ,  

T h e  n e x t  most e f f e c t i v e  soil  conserva t ion  p r a c t i c e  i n  
reducing p o t e n t i a l  s o i l  loss  (70%) from t h e  p re sen t  system of conven- 
t i o n a l  t i l l a g e  i s  t h e  d i s k  and p l an t  t reatment ,  u s i n g  a n o - t i l l  p l a n t e r  
i n  d i sked  corn  r e s i d u e  (Table  2 4 ) .  This  p r a c t i c e  l e a v e s  t h e  s o i l  su r -  
f a c e  rough w i t h  a small amount of r e s i d u e  inco rpora t ed ,  p rovid ing  some 
l e s s  p r o t e c t i v e  r e s idue  cover  than t h e  zero  t i l l a g e  method. 

Rotary s t r i p  t i l l a g e  h a s  ti-ie p o t e n t i a l  of reducing s o i l  loss 
from convent ional  t i l l a g e  by about ha l f  (Table  24) .  Rotary s t r i p  
t i l l a g e  p repa res  seed rows of  20 crn wide and 10  cm deep, leav ing  t h e  
i n t e r - row space  i n  t h e  o r i g i n a l  cond i t ion .  Rotary t i l l a g e  loosens  t h e  
s o i l ,  makes i t  f i n e r  by breaking  s o i l  agg rega te s  and mixes about 1/3 
of t h e  r e s i d u e  w i t h  t h e  s u r f a c e  s o i l  (Oschwald, 1973). T h i s  p r a c t i c e  
r e s u l t s  i n  a g r e a t e r  e ros ion  p o t e n t i a l  than previous  t r ea tmen t s ,  s i n c e  
a smal le r  percentage  of t h e  t o t a l  f i e l d  s u r f a c e  i s  covered by mulcho 

Computations i n d i c a t e  t h a t  t h e  u s e  of a ch i se l  plow with 
p o i n t s  t o  20 cm deep previous  t o  
p r a c t i c e  t o  con t ro l  a g r i c u l t u r a l  e r o s i o n  (Table  24) Chisel  plowing 
r educespo ten t i a l  s o i l  l o s s  from convent ional  t i l l a g e  by approximately 
30%. 
r e s idues  than any of  t h e  t h r e e  p rev ious  c o n s e r v a t i v e  t i  1 l a g e  p r a c t i c e s ,  

p l a n t i n g  corn  i s  t h e  l e a s t  e f f e c t i v e  

Chisel  p l o w i n g  d i s t u r b s  more s o i l  and i n c o r p o r a t e s  more c rop  
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I t  should be noted t h a t  percentage reduc t ions  by t h e  f o u r  
r v a t i o n  t i  1 ]age p r a c t i c e s  represent  maximum p o t e n t i a l  values. 
ame p r a c t i c e s  a r e  performed i n  t h e  f a l l  as p r i m a r y  t i l l a g e  o r  i f  

I f  

crops o t h e r  than g r a i n  corn are  considered, t h e  reduc t ion  i n  s o i l  loss 
i s  more l i k e l y  t o  b e  lower. I t  i s  a n t i c i p a t e d  t h a t  f o r  d i f f e r e n t  crops 
t h e  r e l a t i v e  p o t e n t i a l  o f  the  conservat ion ti l l a g e  p r a c t i c e s  i n  reducing 
so i  1 l o s s  from convent iona l  t i  1 lage w i  1 1  remain the same. Unfor tunate ly ,  
no s o i l  l o s s  r a t i o s  have been developed y e t  t o  t e s t  conserva t ion  t i l l a g e  
f o r  o t h e r  crops than corn by t h i s  method. 

On a watershed bas is ,  the e f f e c t i v e n e s s  o f  conservat ion 
t i  1 lage p r a c t i c e s  depends on t h e  watershed area i n  cont inuous g r a i n  
corn p r o d u c t i o n .  Since no  apparent 1 i n e a r  r e l a t i o n s h i p  e x i s t s  between 
a g r i c u l t u r a l  so i  1 loss  and sediment p roduc t ion ,  the r e d u c t i o n  i n  sediment 
p r o d u c t i o n  and subsequent sediment y i e l d s  i n  streams caused by u s i n g  
conservat ion t i l  lage p r a c t i c e s  a r e  expected t o  be much l e s s  than f o r  
a y r i c u l  t u r a l  e r o s i o n .  

8.4.5 Conclusions 

I n  t h i s  chapter ,  t h e  f o l l o w i n g  conclus ions can be made regard ing  
v a r i o u s  ways o f  reducing so i  1 e r o s i o n  and sedimentat ion i n  smal l  
ag r i  cu l  t u r a  1 wa te  rsheds. 

- The Sediment Transpor t  Computer Model appears t o  be an e x c e l l e n t  tool  
for e v a l u a t i n g  t h e  e f f e c t i v e n e s s  o f  c o n t r o l  l i n g  d i f f e r e n t  l e v e l s  o f  
sediment p r o d u c t i o n  i n  reducing watershed sediment loads. The area 
of land  requi  r i n g  e r o s i o n  c o n t r o l  measures t o  reduce sediment loads 
by a f i x e d  percentage i s  h igher  i n  AG-4 than AG-5. 

- Land use s i m u l a t i o n  w i t h  t h e  Sediment Transpor t  Computer Model 
i n d i c a t e s  t h a t  permanent pas ture  and f o r e s t  cover a r e  t h e  most 
e f f e c t i v e  land uses i n  reducing watershed sediment loads by 75-83% 
i n  AG-4 and by 87-91% i n  AG-5. 
from a farming p o i n t  o f  view, b u t  may have an a p p l i c a t i o n  i n  a c t i v e  
sedi men t - c o n t  r i  bu t i ng a reas. 

These land uses are n o t  very  p r a c t i c a l  

- Eros ion  c o n t r o l  s i m u l a t i o n  b y  t h e  Sediment Transpor t  Computer Model 
i n d i c a t e s  t h a t  cross s l o p e  farming and contour  farming have t h e  
p o t e n t i a l  of reducing watershed sediment loads  by 25-50%. These 
p r a c t  i ces have been found t o  b e  more e f f e c t i v e  i n  combinat ion  w i t h  
s t r i p  cropping,  reducing sediment y i e l d s  by 63-75% i n  b o t h  AG-4 
and AG-5 watersheds . 

- S i m u l a t i o n  techniques and sediment mapping by t h e  Sediment Transpor t  
Computer Model appear t o  be e x c e l l e n t  t o o l s  w i t h  a g r e a t  p o t e n t i a l  
f o r  use i n  small  a g r i c u l t u r a l  watershed i n  southern Ontar io .  The 
t ime consuming d e t a i l e d  data i n p u t  i s  more than j u s t i f i e d  b y  t h e  
v e r s a t i l i t y  o f  t h e  model. 
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- From the  d i f f e r e n t  conservation t i l l a g e  prac t ices  evaluated for a 
continuous gra in  corn crop, zero t i l l a g e  has been found t o  be the 
most e f f e c t i v e  p r a c t i c e  i n  reducing annual soil loss (79%),  f o l l w e d  
by the disk-plant  method ( 7 0 % ) .  
of reducing average annual s o i l  losses by h a l f  and ch ise l  plcwing by 
about 30%. 

Rotary s t r i p  t i l  lage has the p o t e n t i a l  
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9.1 

9.0 EXTRAPOLATION OF SEDIMENT LOADING RATES 
TO AGRICULTURAL LAND 

Canadian Great Lakes Drainage Basin 

Based on r e p r e s e n t a t i v e  watersheds, suspended sediment loadings 
( 2  year  mean, NAQUADAT Method) were e x t r a p o l a t e d  s p a t i a l l y  t o  the a g r i c u l -  
t u r a l  reg ions  o f  southern Ontar io .  The s p a t i a l  d i s t r i b u t i o n  o f  suspended 
sediments f o r  southern O n t a r i o  i s  d e p i c t e d  i n  F i g u r e  20. 

E x t r a p o l a t i o n  o f  sediment loadings f o r  t h e  t o t a l  a g r i c u l t u r a l  land 
area i n  t h e  Canadian Great Lakes Drainage Basin was at tempted based on 1976 
sediment l o a d i n g s  (NAQUADAT Method and I n t e g r a t i o n  Method). The a g r i c u l t u r a l  
l and  area i s  5,165,733 ha o r  22.2% of t h e  t o t a l  Canadian Great Lakes Drainage 
Basin (Task B). The 1 1  a g r i c u l t u r a l  reg ions i n  which t h e  1 1  r e p r e s e n t a t i v e  
watersheds a r e  l oca ted ,  occupy 61.1% o f  t h e  t o t a l  a g r i c u l t u r a l  area.  
o r i g i n a l  21 reg ions a t  t h e  o u t s e t  o f  t h e  PLUARG program, f o r  which some 
in fo rma t ion  i s  a v a i l a b l e ,  represent  83% o f  t he  t o t a l  a g r i c u l t u r a l  land area. 
The remain ing 17% i s  i n  s c a t t e r e d  low i n t e n s i t y  farmed areas w i t h  a r e l a t i v e l y  
low p o t e n t i a l  for  sheet and r i l l  e r o s i o n  and a lw p o t e n t i a l  f o r  streambank 
e ros ion.  

The 

F i g u r e  8 i n  Chapter 4 i n d i c a t e s  t h a t  AG-1  has an average load o f  
about  900 kg/ha. Each o f  AG-4, 10, 5, 13, 3, has an  average load o f  about 
359 kg/ha and each o f  AG-2, 14, 6, 7 ,  1 1 ,  has an average load o f  80 kg/ha. 
An e q u a t i o n  was developed summarizing t h e  p roduc ts  o f  pe rcen t  area represented 
by each o f  t h e  3 l o a d i n g  ca tegor ies  and t h e  l oad ing  va lues f o r  each category.  
Consequently, t h e  l o a d i n g  from a g r i c u l t u r a l  land i n  the  Canadian Great Lakes 
Drainage Bas in  has been determined t o  be: 

Annual u n i t  area l oad ing  = (7.8% X 900 kg/ha) + (26.2% X 350 kg/ha) 

+ (66% X 80 kg/ha) = 70.2 + 91.7 + 52.8 

= 215 kg/ha. 

When mean sediment loads (NAQUADAT Method) were used f o r  t h i s  
c a l c u l a t i o n ,  a s i m i  l a r  l oad ing  f i g u r e  was obta ined.  I n  conc lus ion ,  t he  
c o n t r i b u t i o n  from a1 1 a g r i c u l t u r a l  lands i n  the  Canadian Great Lakes Drainage 
Basin has been e s t i m a t e d  t o  have a u n i t  area suspended sediment l oad  of 
2 15 kg/ha/yr.  
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9.2 Grand and Saugeen R ivers  

Th is  s e c t i o n  discusses r e s u l t s  o f  d i f f e r e n t  approaches towards 
sediment l o a d  p r e d i c t i o n  i n  the Grand and Saugeen Rivers.  Prev ious 
i n f o r m a t i o n  and f i n d i n g s  f o r  the 11 a g r i c u l t u r a l  watersheds have been 
used f o r  e x t r a p o l a t i o n  t o  b o t h  r i v e r  basins.  

9.2. 1 Regression Equat ion 

On the b a s i s  o f  g e n e r a l i z e d  i n f o r m a t i o n  f o r  t h e  1 1  
a g r i c u l t u r a l  watersheds, a regress ion  equat ion  was developed for  
watershed parameters ( independent v a r i a b l e s )  and 1976 u n i t  area 
suspended sediment loads  (NAQUADAT Method). The f o l l o w i n g  watershed 
parameters were used i n  the  regress ion  a n a l y s i s :  % Clay, % Sand, 
A v a i l a b l e  P (ppm), F e r t i l i z e r  P (kg/ha),  Manure P (kg/ha),  T o t a l  
P added (kg/ha),  % Hay + Pasture,  % A l f a l f a ,  % Woodlands, 7 Row Crops, 
% Corn, Animal u n i t s  $per h a ) ,  Rural  residences (houses/km ) 
Stream dens i t y  (km/km ) . 

h 

The sediment p r e d i c t i o n  equat ion  has the form of :  

Y = -281.2 + (8.3 X % row crops) + (13.6 X % c l a y )  

Y i s  the  p r e d i c t e d  suspended sediment load. 

i n  which 

This  e q u a t i o n  i n d i c a t e s  t h a t  sediment l o a d  i s  a f u n c t i o n  o f  % row crops 
and % c l a y  i n  the bas ins  and e x p l a i n s  71% o f  the t o t a l  v a r i a t i o n  i n  
sediment load (R2 = 0.71 a t  P<0.05). 

The e q u a t i o n  has a l s o  been used to  p r e d i c t  sediment loads 
f o r  t h e  much l a r g e r  subbasins o f  the  Grand and Saugeen Rivers.  For 
each subbasin, census da ta  f o r  1976 has been used t o  e x t r a c t  % row 
crops and t h e  % c l a y  was determined from the Soil  Assoc ia t ion  Map 
for  O n t a r i o .  Resu l ts  o f  t h e  suspended sediment load p r e d i c t i o n s  a r e  
presented i n  Table 25 .  Locat ion  o f  the subbasins f o r  the  Grand and 
Saugeen R i v e r s  a r e  shown i n  Appendix 8. 

Comparison of p r e d i c t e d  and 1976 measured suspended sediment 
loads f o r  the subbasins o f  the Grand and Saugeen R ivers  (Table 25) 
revea ls  t h a t  p r e d i c t e d  loadings by t h e  regress ion  e q u a t i o n  a r e  lower 
than the measured ones, except  f o r  G R - 6 .  The p r e d i c t i o n  fo r  the Grand 
R i v e r  i s  much b e t t e r  than t h a t  f o r  the Saugeen R iver  and w i t h i n  an 
o r d e r  o f  magnitude o f  t h e  measured values. 

from 
con t 

The p r e d i c t e d  va lues r e f l e c t  suspended sediment o r i g i n a t i n g  

r i b u t e  s i g n i f i c a n t l y  to  the  measured sediment loads i n  t h e  bas ins  
c rop land o n l y .  They do n o t  i n c l u d e  o t h e r  sources t h a t  migh t  

(e.9. streambank eros ion ,  u r b a n i z a t i o n ,  c o n s t r u c t i o n ) .  I n  a d d i t i o n ,  
i t  has been observed i n  Chapter 2 t h a t  due t o  a r e l a t i v e l y  w t  year, 

oadi ngs. 
va 1 ues 
a ] ,  - 1978) 

1976 measured load inss  migh t  be h i g h e r  than longterm average 
D i f f e r e n c e s  between p r e d i c t e d  and measured suspended sediment 
a r e  much smal le r  when t h e  2 year  mean measured va lues (Onn e t  
a r e  used (Tab le  25).  - 
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Table 25: Suspended sediment loads, p r e d i c t e d  f o r  subbasins o f  t h e  Saugeen and Grand R ivers  i n  O n t a r i o  

SUBBASIN ROW CROPS CLAY SUSPENDED SEDIMENT LOADINGS (kg/ha/yr )  
(%I  %) P r e d i c t e d  MeasuredZ Mea su red3 

Sauqeen 
SR- 1 7.1 
SR- 2 7 e 9  
SR- 3 8.7 
SR- 4 16,6 
SR- 5 5.3 
SR- 6 10.8 

16.1 
16.9 
1 6 ~  

1 8 d  

16.4 
19.3 

-4 
14 
15 
80 
26 
57 

94 
1758 

188 
139 
191 
298 

102 
9 30 
210 
92 

162 - 
Grand - 

G R - 1 3  
GR-14 
UL-22 
GR-20 
GR- 6 

u) GR-11 
u) GR- 5 

GR-15 

7.7 
12.7 
2 3 - 3  
27.4 
36.5 
28.3 
29.1 
28,3 

20.0 55 
28.2 2 08 
19.0 171 
21.9 2 44 
15.3 230 
19.3 217 
19.8 229 
20.1 227 

69 
409 
91 5 

1240 
145 
942 
940 
4 59 

51 
274 
41 7 
688 
142 
49 3 
37 3 
332 

Y =-281.2 + (8.3 X % row crops) + (13.6 X % c l a y )  

'Row crops i n c l u d e  c o r n  ( s i l a g e  + g r a i n ) ,  soybeans, potatoes, tobacco, vegetables,  expressed as % 
o f  t o t a l  area i n  farmland 

2Beale r a t i o  e s t i m a t o r  method, f o r  1976 da ta  

3M.0,E, regress ion  method, 2 year mean 1975-1976 (Onn e t  a l e ,  1978) 



I n  l i g h t  of the aforementioned f ind ings ,  i t  i s  concluded 
that: ex t rapola t ion  to  large basins (Grand and Saugeen Rivers) based 
on  data co l lec ted  f o r  t h e  small ag r i cu l tu ra l  watersheds appears to 
g i v e  reasonable suspended sediment load predictions. .  Further data 
o n  ex t r apo la t ion  of sediment loads a re  included i n  t h e  s e d i m e n t  
i n t eg ra t ion  paper (Wall -- et a l . ,  1978). 
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APPENDIX  1 

P r e d i c t e d  sheet and r i l l  e r o s i o n  losses  f o r  r e p r e s e n t a t i v e  a g r i c u l t u r a l  
watersheds i n  1976. 

- 1976 sheet and r i l l  e r o s i o n  losses  f o r  AG-3 
( L i t t l e  Ausable River)  

- 1976 sheet and r i l l  e r o s i o n  losses  f o r  AG-4 
( Canagagi gue Creek) 

- 1976 sheet and r i l l  e r o s i o n  'losses f o r  AG-5 
( H o l i d a y  Creek) 

- 1976 sheet and r i l l  e r o s i o n  losses  f o r  AG-10 
( N o r t h  Creek Branch o f  Twenty M i l e  Creek) 

- 1976 sheet and r i l l  e r o s i o n  losses  f o r  AG-13 
( H i  1 1 man C reek, West Branch) 



1976 Sheet and r i l l  e ros ion  losses f o r  AG-3 ( L i t t l e  A u s a b l e  R i v e r )  

S O I L  LOSS 

ADJUSTED 
S O I L  L O S S  FOR SNOW 

AVERAGE 

"R" VALUE RATIOS RxC RxC MONTH - 
19 76 LONGTERM (0 (a ( m e t r i c  tons) ( W )  ( m e t r i c  tons)  ( t o d h a )  

JANUARY 

FEBRUARY 

MARCH 

A P R I L  

MAY 

JUNE 

o\ JULY 
-L 

0 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

1.78 

3.21 

0 

19.73 

8.88 

12.88 

60.79 

10.51 

17.26 

1.97 

0 

0 

0.46 

0.69 

0.74 

4.15 

4.53 

9.06 

15.34 

15.99 

8.59 

3.48 

1.68 

1.11 

0.35 

0.35 

0.35 

0.35 

0.35 

0.48 

0.33 

0.16 

0.16 

0.23 

0.35 

0.35 

0.623 

1 . 1 2 4  

0 

6.906 

3.108 

6.182 

20.061 

1.682 

2.762 

0.453 

0 

0 

1 .5  

2.6 

0 

16 .1  

7.2 

14.4 

46.8 

3.9 

6.4 

1.1 

0 

0 

1113.8 

1930.5 

0 

11954.3 

5346 .O 

10692 .O 

34749.1 

2895.8 

4752.0 

816.8 

0 

0 

3.5 

5.6 

10 .o 

16.1  

7 . 2  

14 .4  

46.8 

3.9 

6.4 

1.1 

0 

0 

2598.8 

4158 .O 

7425 .O 

11954.3 

5346.0 

10692.0 

34749.1 

2895.8 

4752 .O 

816.8 

0 

0 

0.419 

0.671 

1.198 

1.928 

0.862 

1.725 

5.605 

0.467 

0.766 

0.132 

0 

0 

YEAR 137.01 65.82 42.901 100 -0 74250.3 115 00 85387.8 13.773 



1976 Shee t  and r i l l  e ros ion  losses f o r  AG-4 ( C a n a g a g i g u e  C r e e k )  

SOIL LOSS 

AVERAGE ADJUSTED 
SOIL LOSS FOR SNOW 

MONTH "R" VALUE RATIOS R x C  RxC 
1976 LONGTERM (C> (%> (metr ic  tons) (%I  (met r ic  tons)  (ton/ha) 

JANUARY 2.38 0.40 0.28 0.666 3.6 155.6 5.6 242.1 0.130 

FEBRUARY 3.80 1.22 0.28 1.064 5.7 246.4 8 . 7  376.1 0.202 

MARCH 6.22 1.18 0.28 1.742 9.4 406.3 1s) .4 838.6 0.451 

A P R I L  12.50 4.21 0.28 3.500 18.8 812.6 18.8 812.6 0.437 

MAY 8.56 4.38 0.33 2.825 15.2 657 .O 15.2  657 .O 0.353 

JUNE 34.06 17.33 0.20 6.812 36.5 1577.7 36.5 1577.7 0..848 

JULY 16.66 19.99 0.05 0.833 4.5 194.5 4.5 194.5 0 . l o 5  
a 
0 

AUGUST 0 19.25 0.05 0 0 0 0 0 0 

0.098 SEPTEMBER 9.67 7.68 0.08 0.774 4.2 181.5 4.2 181.5 

OCTOBER 4.93 6.42 0.08 0.394 2 . 1  90.8 2 . 1  90.8 0.049 

NOVEMBER 0 5.63 0.28 0 0 0 0 0 0 

DECEMBER 0 0.96 0.28 0 0 0 0 0 0 

YEAR 98.78 88.65 18.610 100.0 4322.6 115 - 0  4970.9 2.673 



1976 Sheet and r i l l  e ros ion  l o s s e s  f o r  AG-5 (Holiday Creek) 

SOIL LOSS 

AVERAGE ADJUSTED 
SOIL LOSS FOR SNOW 

MONTH "R" VALUE RATIOS Rxc Rxc 
1976 LONGTERM (0 (2)  (metr ic  tons) (a (met r ic  tons)  ( ton /ha)  

JANUARY 

F E B RUA RY 

MARCH 

A P R I L  

MAY 

JUNE 

J U L Y  

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DEC EM BE R 

-. 
0 
00 

2.45 0.46 

0 0.69 

13.63 0.74 

15.55 4.15 

14-99 4.53 

6.77 9.06 

135.28 15.34 

163.1 15.99 

11.7 8.59 

8.49 3.48 

1.51 1.68 

0 1 . 1 1  

0.54 

0.54 

0.54 

0.54 

0.65 

0.44 

0.19 

0.19 

0.36 

0.36 

0.54 

0.54 

1.323 1.4 

0 0 

7.360 7.8 

8.397 8.9 

9.744 10.3 

2.979 3.1 

25.703 27.2 

30.989 32.8 

4.212 4.4 

3.056 3.2 

0.815 0.9 

0 0 

891 .2 

0 

4965.3 

5665.6 

6556.8 

1973.4 

17315.0 

20879.9 

2800.9 

2037.1 

572.9 

0 

3.4 

3 .O 

17.8 

8.9 

10.3 

3.1 

27.2 

32.8 

4.4 

3.2 

0.9 

0 

2164.4 

1909.7 

11331 .1 

5665.6 

6556.8 

1973.4 

1731 5 .O 

20879.9 

2800.9 

2037.1 

572.9 

0 

0.721 

0.637 

3.777 

1.889 

2.186 

0.658 

5.772 

6.959 

0.934 

0.679 

0.191 

0 

YEAR 373.47 65.82 94.579 lOOI0 63658.1 115.0 73206.8 24.402 



1976 Sheet and r i l l  erosion losses for AG-13 ( H i l l m a n  Creek Watershed, West Branch) 
- 

SOIL LOSS 

AVE RAG E ADJUSTED 
S O I L  LOSS FOR SNOW 

( % I  (met r ic  tons) ( ton/ha) 
MONTH "R" VALUE RAT I OS R x  C R x  C 

1976 LONGTERM (C) ( % I  (met r i c tons) 

JANUARY 

F EB RU A RY 

MARCH 

APR I L 

MAY 

JUNE 

J U L Y  

AUGUST 

SE PTEM BER 

OCTOBER 

NOVEMBER 

DECEMBER 

5-32  

17.99 

12.33 

11.52 

5.13 

24.23 

35 36 

0 

16.82 

4.79 

2.49 

0 

0.53 

1.03 

1.81 

4.71 

6.32 

16.69 

26.27 

20.72 

7.59 

4.48 

1.65 

3.20 

0.45 

0.45 

0.45 

0.45 

0.65 

0.53 

0.26 

0.26 

0.26 

0.45 

0.45 

0.45 

2.394 

8.096 

5.549 

5.184 

3.335 

12.842 

9.194 

0 

4.373 

2.156 

1.121 

0 

4.4 

14.9 

10.2 

9 . 6  

6.1 

23.7 

17.0 

0 

8.1 

3.9 

2.1 

0 

908.8 

3077.5 

2106.8 

1982.8 

1259.9 

4895.1 

351 1.3 

0 

1673 .O 

805.5 

433.7 

0 

5.4 

16.9 

17.2 

5.6 

6.1 

23.7 

17.0 

0 

8.1 

3.9 

2.1 

0 

1115.3 

3490.6 

3552.6 

1982.8 

1259.9 

4895.1 

351 1.3 

0 

1673.0 

805.5 

433.7 

0 

0.560 

1.754 

1.785 

0.996 

0.633 

2.459 

1.764 

0 

0.841 

0.405 

0.21 8 

0 

YEAR 135.98 95.0 

~ 

54.241 100.0 20654.6 110.0 2272.0 11.417 



1976 Sheet and r i l l  erosion losses for  AG-10 (North Creek Branch o f  Twenty Mile Creek) 

S O I L  LOSS 

AVERAGE AD JUST ED 
SOIL L O S S  FOR SNOW 

MONTH "R" VALUE RAT I OS RXC RxC 
1976 LONGTERM ( C )  (%I  (met r ic  tons) (%) (metr ic  tons) (ton/ha) 

JANUARY 

FEBRUARY 

MARCH 

APRl L 

MAY 

JUNE 

JULY - 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

D EC EMB E R 

2.18 

1.77 

12.02 

16.30 

17.24 

25.67 

9.24 

2.37 

7.13 

2.60 

0 

1 .50 

0.34 

0.71 

1.5C 

3.14 

3.54 

1 1  .oo 

12.76 

16.18 

7.39 

5.61 

2.21 

0.78 

0.43 

0.43 

0.43 

0.43 

0.43 

0.58 

0.38 

0.16 

0.16 

0.19 

0.43 

0.43 

0.937 2.2 

0.761 1.8 

5.169 12.2 

7.009 16.6 

7.413 17.5 

14.889 35.1 

3.511 . 8.3 

0.379 0.9 

1.141 2.7 

0.494 1.2 

0 0 

0.645 1.5 

105.6 

86.4 

585.8 

797.1 

840.4 

1685.5 

398.6 

43.2 

129.7 

57.6 

0 

72.0 

3 .2  

3.8 

19.2 

16.6 

17.5 

35.1 

8.3 

0.9 

2.7 

1.2 

0 

1.5 

153.7 

182.5 

921.9 

797.1 

840.4 

1685.5 

398.6 

43.2 

129.7 

57.6 

0 

72.0 

0.051 

0.060 

0.305 

0.264 

0.278 

0.557 

0.132 

0.014 

0.043 

0.019 

0 

0.024 

YEAR 98.02 65.16 42.348 100.0 4802.0 110.0 5282.2 1.746 



APPENDIX 2 

P r e d i c t e d  Lonqterm Average Annual Sheet Eros ion Losses f o r  Representat ive 
A g r i  c u l  t u r a l  Watersheds 

- Longterrn average annual p r e d i c t e d  e r o s i o n  losses  f o r  AG-2 

- Longterm sverage annual p r e d i c t e d  e r o s i o n  losses  f o r  AG-3 

- Longterrn average annual p r e d i c t e d  eros ion  l o s s e s  f o r  AG-4 

- Longterm average annual p r e d i c t e d  e r o s i o n  losses f o r  AG-5 

- Longterrn average annual p r e d i c t e d  eros ion  losses  f o r  AG-6 

- Longterrn average annual p r e d i c t e d  e r o s i o n  losses  f o r  AG-7 

- Longterrn average annual p r e d i c t e d  eros ion  losses  f o r  AG-10 

- Longterrn average annual p r e d i c t e d  eros ion  losses  f o r  AG-11 

- Longterrn average annual p r e d i c t e d  e r o s i o n  losses f o r  AG-13 

- Longterm average annual p r e d i c t e d  eros ion  losses  f o r  AG-14 

1 1 1  
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APPENDIX 3 

Dsta i  l e d  A n a l y s i s  O F  Severa l  Computational Methods f o r  Es t ima t ion  of 
F l u v i a l  Sediment Loads 

I n  o r d e r  to  a s c e r t a i n  t h e  accu racy  and p r e c i s i o n  a s s o c i a t e d  w i t h  t h e  
a p p l i c a t i o n  of v a r i o u s  sediment l o a d i n g  computa t iona l  methods t o  v a r i o u s  
sampling f r e q u e n c i e s  of suspended sediment c o n c e n t r a t i o n s ,  t h e  f o l l o w i n g  
s t u d y  s t a g e s  were d e s i g n e d  and performed: 

1 .  T h r e e  y e a r s  o f  d a i l y  suspended sediment l o a d i n g  d a t a  f o r  t h e  Big 
Ot te r  Creek i n  Sou the rn  O n t a r i o  (Sediment Data f o r  Canadian Rivers -  
1971, 1972, 1973) were s e l e c t e d  a s  a b a s e  p o p u l a t i o n .  I n  
a d d i t i o n  t o  t h e  d a i l y  suspended sediment  l o a d s ,  d a i l y  s t r eamf low 
v a l u e s ,  sampled c o n c e n t r a t i o n  v a l u e s  and e s t i m a t e d  mean d a i l y  
c o n c e n t r a t i o n s  were a v a i l a b l e ,  

2. Four sampling f r e q u e h c i e s  were s e l e c t e d  f o r  a p p l i c a t i o n  to  t h e  b a s e  
p o p u l a t i o n .  These  f r e q u e n c i e s  i n c l u d e d :  (i) o n e  c o n c e n t r a t i o n  
sample p e r  month f o r  o n l y  t h e  summer months i.e. Apr i l  t h rough  
October ,  ( i i )  o n e  sample p e r  month f o r  t h e  y e a r ,  ( i i i )  o n e  sample 
p e r  week f o r  t h e  y e a r  and  ( i v )  one sample 
sample on  each  day when t h e  d a i l y  f l o w  exceeded a s e l e c t e d  ex t reme 
v a l u e .  The t h r e e  y e a r  p o p u l a t i o n  was sampled t h r e e  times a t  each  
f r equency ,  y i e l d i n g  n i n e  e f f e c t i v e  y e a r s  

p e r  week p l u s  o n e  

o f  sampling. 

3 Q  F i v e  computa t iona l  methods were a p p l i e d  t o  t h e  v a r i o u s  samples  o f  
suspended sediment  
r e c o r d  of d a i l y  f l o w s  to  compute e s t i m a t e s  of annual sed iment  l o a d s .  
Each method i s i d e n t i  f i ed  be l  ow: 

c o n c e n t r a t i o n  v a l u e s  i n  c o n j u n c t i o n  w i t h  t h e  

a )  S imple  e q u a t i o n :  
Qs = c X Q  

Qsi s t h e  e s t i m a t e d  annual suspended sediment 
where 

1 oad, 

c i s  t h e  mean o f  t h e  suspended sediment  con- 
c e n t r a t i o n  samples o b t a i n e d  d u r i n g  t h e  y e a r ,  
and 
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Q i s  t h e  annual streamflow. 

b) L inear  i n t e r p o l a t i o n :  
3 6 5  

Qs = c c i  X Qi 
i=l 

where 

Qs i s  as def ined above, 
c i  i s  t h e  estimated mean d a i l y  sediment concentrat ion 

(i .e. t he  sampled value f o r  a sampled day, o r  a 
l i n e a r l y  i n t e r p o l a t e d  va lue between sampled values 
f o r  those days when concentrat ion was no t  sampled), 
and 

Qi i s  the  mean d a i l y  streamflow. 

c)  Beale r a t i o  estimates: 

Qs was estimated by the  r a t i o  est imator procedure 
o u t l i n e d  i n  1977 by the IJC f o r  use i n  PLUARG a c t i v i t i e s .  

d) S ing le r a t i n g  curve: 

The equation g iven i n  (b) above was used, w i t h  the C i  
values determined from a sediment concentrat ion vs 
streamflow r a t i n g  curve determined from the sampled 
concentrat ions f o r  each year o f  sampling. 

e) Moving r a t i n g  curve: 

Th is  method was s i m i l a r  t o  (d )  i n  t h a t  sediment r a t i n g  
curves were used. However, many r a t i n g  curves were 
developed f o r  each year of sampling on the  basi s of 
smal 1 groups o f  concentrat ion samples appropr ia te t o  
the  p a r t i c u l a r  f low condi t ions.  Th is  method i s  
e s s e n t i a l l y  t h e  same as t h a t  which has  been termed the  
I n t e g r a t i o n  Method i n  t h i s  and o the r  IJC reports. 

4. The mean r a t i o  of t h e  estimated annual suspended sediment load t o  
the  populat ion suspended sediment load (i .e. &./Qs) was determined 
f o r  each sampling frequency and each computational method as an 
index o f  the  accuracy. I n  f i g u r e  A-3.1, the  sumner month sampling 
i s  coded SM, monthly sampling M y  weekly sampling W, and weekly 
sampling i n c l u d i n g  extreme events WE. The simple equation fo r  
computing loads i s  r e f e r r e d  t o  as SIMPLE ANNUAL, L inear  i n t e r p o l a -  
t i o n  and Beale r a t i o  est imates a s  such, s ing le  r a t i n g  curve as C x 
Q and Moving r a t i n g  curve as C x (Q, season, etc.). 



+. 

5. The standard d u r a t i o n  of  t h e  Qs/Qs r a t i o  was a l s o  determined f o r  
each sampling frequency and each method as an  index  of p r e c i s i o n .  
(see f i g u r e  A-3.1). 

The summary o f  r e s u l t s  presented i n  F i g u r e  A-3.1 reveal  t h e  f o l l o w i n g :  

y: The m u l t i p l e  r a t i n g  c u r v e  ( o r  i n t e g r a t i o n )  method i s  t h e  most accura te  
and t h e  most p r e c i s e  metnod o f  those t e s t e d  f o r  a l l  b u t  t h e  lowest 
sampl i ng frequency. 

The s imple annual equat ion  i s  reasonably p r e c i s e  b u t  v e r y  inaccurate.  
I f  t h e  inaccuracy were c o n s i s t e n t  from r i v e r  t o  r i v e r ,  a s imple 
c o r r e c t i o n  c o u l d  be a p p l i e d  ( i n  l i g h t  o f  t h e  p r e c i s i o n ) .  

;': The Beale r a t i o  e s t i m a t o r  i s  reasonably accura te  a t  t h e  h ighes t  
sampling f requencies,  i s  t h e  o n l y  method 
a t  t h e  h i g h e s t  f requency anu i s  t h e  l e a s t  p r e c i s e  of  t h e  methods 
tested.  T h i s  l a s t  o b s e r v a t i o n  i s  c r i t i c a l  when t h e  method i s  a p p l i e d  
t o  o n l y  one o r  two years o f  data. 

t o  o v e r p r e d i c t  on t h e  average 

y: The l i n e a r  i n t e r p o l a t i o n  and s i n g l e  r a t i n g  curve  a r e  reasonably 
accura te  and moderate ly  p r e c i s e  a t  t h e  h i g h e s t  sampling f requencies.  
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APPENDIX 4 

Measured Month ly  Suspended Sediment Loads f o r  11 A g r i c u l t u r a l  Watersheds 
and 4 Subbasins of AG-4 and AG-5 (kg/ha/1976). 
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APPENDIX 4: Measured Suspended Sediment Loads by Month f o r  11 Agr icu l tu ra l  Watershedsland 4 Subbasins 
of AG-4 and AG-52 (kg/ha/1976) 

AG-4 AG-5 MONTH AG- l l  AG-2 AG-3 AG-4 AG-5 AG-6 AG-7 AG-10 AG-11 AG-13 AG-14 
w: w2 H 1  H2 

January 

February 

March 

A p r i l  

June  

J u l y  

August 

w September 

October 

November 

A 

h, 

5 9 

834 30 

104 46 

13  22 
8 12 

5 5 

28 3 

0 4 
0 .1  2 
0 .1  1 

0 2 

4 0.5 6 3 

42 15 42  4 

60 361 38 29 

80 14  4 1 7  

5 13 12 3 
0.5 3 0 .2  1 

54 2 105 2 

5 0 135 2 

u. 3 1 0.4 1 

0.3 3 1 1 

9 7 7 0 .5  

2 

3 

14  

10  

4 

3 
2 

1 

0.6 

0.5 

2 

6 0 . 1  

55 5 

87 13  

111 1 

l(18 0.4 
0.6 03 

4 0 
0.5 0 

0.5 0 

0 .8  0 
0 . 2  0 

1 3  3 0 1 4 0 0  

121 7 0 164 0 1 

104 110 869 356 68 122 

19 18 4 7 so 0 .5  

11 0 . 8  7 1 8  3 3 
7 3 0 4  0 0  

0.7 2 0 7 45 92 

0 0 204 135 0.3 0 

1 0 0 1  3 3  

0 2  1 1  0.8 0.2 

0 .2  9 0 7 4 1 1  

0 0 4 0 1  December 0 .1  3 0.7 0.4 0 .6  1 0.7 1 . 4  0 1 0.7 

Year (1976) 998 140 258 419 35 1 64 43 375 1 9 . 1  310 135 895 430 329 366 

INaquadat method of sediment load computation f o r  t h e  11 watersheds 

21n teg ra t ion  method of sediment load computations f o r  t h e  f o u r  subbas ins  

3Problems wi th  flow measurements from June 1976 - December 1976 

4 E s t i ~ t e d  va lues  



APPENDIX 5 

Monthly suspended  s e d i m e n t  l o a d s  (Naquada t  Method) f o r  t h e  1 1  
a g r i c u l  t u r a l  w a t e r s h e d s ,  measured  d a t a .  

AG- 1 
AG-2 
AG- 3 
AG-4 
AG-5 
AG-6 
AG-7 
AG-10 
AG-11 
AG-13 
AG- 14 

( B i g  Creek)  
( Veni son  Creek)  
( L i  t t 1 e Ausabl e )  
(Canagagi  g u e  Creek)  
(Hol i d a y  Creek)  

(She1 t e r  Val 1 e y )  
( N o r t h  Creek)  
( Sa l  t Creek)  
( H i  1 1 man Creek)  
( M i l l  Creek )  

Name1 ess 
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APPENDIX 6 

Monthly suspended sediment l oads  (Naquadat Method) f o r  t h e  11 
a g r i c u l  t u r a l  watersheds, measured and es t imated data. 

AG- 1 
AG -2 
AG- 3 
AG-4 
AG-5 
AG-6 
AG-7 
AG-10 
AG-11 
AG-13 
AG-14 

( B i g  Creek) 
(Veni son Creek) 
( L i t t l e  Ausable) 
(Canagagi que Creek) 
(Ho l i day  Creek) 

(She1 t e r  Creek) 
( N o r t h  Creek) 
( Sal t Creek) 
( H i l l m a n  Creek) 
( M i l l  Creek) 

Name1 ess 
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Appendix 7. D i s t r i b u t i o n  of area weighted mean sediment con t r ibu t ing  a reas  (percent )  f o r  a l l  snow- 
melt  and r a i n f a l l  runoff  producing even t s  observed during 1975 and 1976 f o r  AG-4 and AG-5 

watersheds.  

FXWBER O F  
WATERSHED YEAI: J F M A M J J A S 0 N D RANGE MEAN EVENTS 

----_I l_l 

AG-L 1975 -* - 11 24 13 g -- 12  -.. -- -- -- 1-25 12.8 9 
25 
18 
3 
1 -. 

AG-4 1976 - - 1 8  4 4 6 4 - -  1 -- c- -- 1-18 6.6 8 
12 

4 
AG-5 1975 - - 25 14 - 17 _ _  _- _- -- -- 6 6-25 15.9 11 

25 13 - 23 
15 9 17 

11 
AG-5 1976 - 6 8  2 4 -- -- 1-65 14.2 10 8 65 3 -- -- 

1 34 
11 

AG-5 1975 - - 18 23 -- 4-42 19.8 8 28 -- -- -- -- -- -- 
Subbasin 4 42 

5 25 
14 

AG- 5 1976 - - 9 2 3 - -  g 72 3 -- -- -- 1-72 19.2 9 
Subbasin 1 50 

* R a i n f a l l  and snowmelt events  wi thout  observable  s u r f a c e  runoff ( 0% c o n t r i b u t i n g  area class) are 
n o t  included i n  t h i s  t a b l e .  
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APPENDIX  8 

L o c a t i o n  and sediment l o a d i n g  r a t e s  f o r  subbasins of t h e  Grand and 
Saugeen R i  ve rs. 

Measured annual suspended sediment loads  i n  t h e  Grand and Saugeen 
(kg/ha/yr) 0 

1976 Regression 

GRAND SAUG EEN 

- - 
1976 Beale R a t i o  Method 459 298 

2 year mea,n (1975, 1976) Regression Method 3 32 488 

2 year mean (1975, 1976) Beale Rat io  Method 380 309 

2 year mean (1975, 1976) I n t e g r a t i o n  Method - - 
(Water Survey o f  Canada 
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