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1.0 SUMMARY 

T h i s  r e p o r t  summarizes the r e s u l t s  o f  a th ree  yea r  s tudy conducted 
i n  t h e  Canadian Great Lakes Basin t o  a s c e r t a i n  t h e  n a t u r e  and e x t e n t  t o  
which a g r i c u l t u r a l  land use c o n t r i b u t e s  to  the sediment l o a d  o f  t h e  
Great Lakes. Two years o f  s t ream wa te r  m o n i t o r i n g  data i n  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 d i c a t e d  a l oad ing  ra tes  o f  < l o 0  t o  900 kg/ha/yr 
f o r  the dominant a g r i c u l t u r a l  reg ions o f  Southern O n t a r i o .  H ighes t  sediment 
loads were observed i n  i n t e n s i v e l y  farmed regions c h a r a c t e r i z e d  by a h i g h  
percentage of row crops, f i n e  t e x t u r e d  s o i l s  and an e f f i c i e n t  t r a n s p o r t  
system t h a t  d e l i v e r s  eroded sediments t o  the  stream. 

The predominant sources o f  sediments t o  streams w i t h i n  a g r i c u l t u r a l  
areas a r e  sheet and r i l l  e ros io r i  f rom c rop land  (70 t o  100%) and stream- 
bank e r o s i o n  ( 0  t o  30%). Whi le  so i  1 e r o s i o n  occurs throughout  t h e  y e a r ,  
the d e l i v e r y  o f  eroded sediment:; t o  streams is maximum i n  the S p r i n g  
months o f  February,  March and A p r i l .  I t  i s  d u r i n g  t h i s  p e r i o d  o f  t ime 
t h a t  75 t o  85% o f  t h e  annual f l u v i a l  sediment load i s  d e l i v e r e d  t o  t h e  
Canadian Great Lakes. 

W i t h i n  an a g r i c u l t u r a l  watershed, the  percentage o f  land area t h a t  
was a c t i v e l y  c o n t r i b u t i n g  sediments t o  the streams ranged f rom a h i g h  o f  
25% when the ground was s a t u r a t e d  t o  <5% w i t h  dry  s o i l  c o n d i t i o n s .  The 
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  were 
u s u a l l y  i n  c lose  p r o x i m i t y  to  n a t u r a l  and man-made dra inage ways o r  
ephemeral dra inage routes.  

Two methods o f  p r e d i c t i n g  5,ediment l o a d i n g  ra tes  f rom a g r i c u l t u r a l  
land have been e v a l u a t e d  i n  t h e  Grand and Saugeen R i v e r  Watersheds. I n  
the  Grand R i v e r  Watershed, t h e  p r e d i c t e d  a g r i c u l t u r a l  sediment c o n t r i b u t i o n  
t o  t h e  Great Lakes ranged f rom 6 8  t o  90% o f  t o t a l  f l u v i a l  i n p u t s  when 
computed i n  f o u r  d i f f e r e n t  manners. S i m i l a r l y  the p r e d i c t e d  a g r i c u l t u r a l  
sediment c o n t r i b u t i o n  t o  t h e  Great Lakes f rom t h e  Saugeen R i v e r  ranged 
f rom 12 t o  66% o f  t o t a l  f l u v i a l  i npu ts .  

A r e g r e s s i o n  equa t ion  R 2 =  64 has been used t o  compute the r e l a t i v e  
a g r i c u l t u r a l  c o n t r i b u t i o n  o f  sediments t o  the Canadian Great Lakes. The 
t o t a l  p r e d i c t e d  annual  a g r i c u l t u r a l  sediment l o a d  of  1,084,000 tonnes 
d e l i v e r e d  t o  t h e  Great Lakes f rom Canadian sources was p a r t i t i o n e d  as 
f o l l w s :  Georgian Bay ( 4 % ) ,  Lake Huron (18%) ,  Lake E r i e  (64%) and Lake 
O n t a r i o  (14%) .  
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L o c a l i z e d  v a r i a t i o n s  i n  p o l l u t a n t  sources, s o i  1 p r o p e r t i e s  and land- 
scapes, sediment c o n t r i b u t i n g  areas and cropping systems make g e n e r a l i z a -  
t i o n s  about remedial  sediment c o n t r o l  programs impossib le .  Eros ion and 
t r a n s p o r t  o f  sediments from a g r i c u l t u r a l  land i s  a s i t e - s p e c i f i c  problem 
r e q u i r i n g  the implementat ion o f  s i t e - s p e c i f i c  remedial  measures on t h e  
a c t  i ve con t r i b u t i n g a re  as. 

A l l  es t ima tes  and obse rva t i ons  i n  t h i s  r e p o r t  a re  based on one t o  
two years o f  f i e l d  data.  The l i m i t e d  t i m e  base o f  t h e  s tudy should be 
considered i n  any a p p l i c a t i o n  of t he  da ta  con ta ined  h e r e i n .  
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T h i s  r e p o r t  summarizes t h e  i n f o r m a t i o n  from a l l  the PLUARG, Task C,  
A c t i v i t y  1 p r o j e c t s  d e a l i n g  w i t h  o r  r e l a t e d  t o  a g r i c u l t u r a l l y  d e r i v e d  
sediments i n  t h e  Canadian Great Lakes Basin.  These p r o j e c t s  have been 
desc r ibed  i n  the D e t a i l e d  Study Plan 1975-76, A g r i c u l t u r a l  Watershed 
S tud ies  (D.R. Coote, 1975) and w i  1 1  subsequent ly be p u b l i s h e d  i n  Technica l  
Reports by the I n t e r n a t i o n a l  J o i n t  Commission. Frank and R i p l e y  (1977) 
have desc r ibed  i n  some d e t a i l  ba th  the l o c a t i o n  and t h e  land use a c t i v i t i e s  
i n  the 1 1  a g r i c u l t u r a l  watersheds employed i n  these s t u d i e s .  

Many of the above no ted  t e c h n i c a l  r e p o r t s  deal  w i t h  i n d i v i d u a l  
components o r  phases o f  the e r o s i o n a l  process and/or t h e  impact o f  t he  
eros i on /sed imen ta t i on  on Great L.akes w a t e r  q u a l i t y .  I t i s  t h e  purpose 
o f  t h i s  summary r e p o r t  t o  draw toge the r  the r e s u l t s  o f  these s t u d i e s  i n  
o r d e r  t o  assess the  s i g n i f i c a n c e  o f  e r o s i o n a l  processes i n  r u r a l  landscapes 
as a source o f  p o l l u t i o n  t o  t h e  Canadian Great Lakes Basin.  

The g e n e r a l i z e d  o b j e c t i v e s  o f  t h i s  r e p o r t  may be summarized as f o l l o w s :  

- t o  i d e n t i f y  t he  sources o f  e r o s i o n  and sediment p r o d u c t i o n  i n  
r u r a l  landscapes and assess t h e  r e l a t i v e  s i g n i f i c a n c e  o f  each 
source; 

- t o  e s t a b l  i s h  the magni tude o f  so i  1 eros i o n  and stream sediment 
loads f rom r u r a l  land; - t o  e s t a b l i s h  a method o f  p r e d i c t i n g  soi 1 e r o s i o n  and stream 
sediment loads i n  r u r a l  landscapes where no measured data e x i s t s ;  

- t o  assess remedial  measures t h a t  have p o t e n t i a l  to reduce soi  1 
e r o s i o n  and stream sediment loads. 

3 



3.0 SOURCES OF EROSION IN THE RURAL LANDSCAPE 

The p r i n c i p l e  sources o f  sediments t o  streams i n  r u r a l  areas a r e  
g e n e r a l l y  cons idered t o  be sheet <and r i  1 1  e r o s i o n  from uplands and strearn- 
bank e r o s i o n  f rom n a t u r a l  and man-made dra inage courses. However, t h e  
n a t u r e  o f  these e r o s i o n  processes as w e l l  as s p a t i a l  c h a r a c t e r i s t i c s  o f  
these sediment sources a re  n o t  w e l l  understood and have been t h e  s u b j e c t  
o f  i n v e s t i g a t i o n  i n  s e v e r a l  o f  t h z  recent  PLUARG s t u d i e s .  

3. 1 Sheet and R i  1 1  E r o s i o n  

Sheet and r i l l  e r o s i o n  have 3een d e f i n e d  as s o i l  movement r e s u l t i n g  
f rom r a i n d r o p  sp lash and s u r f a c e  r u n o f f  frm the land. Average annual 
p o t e n t i a l  sheet and r i l  1 e r o s i o n  losses f o r  a g r i c u l t u r a l  watersheds 
r e p r e s e n t a t i v e  o f  t h e  predominant: so i  I s ,  c l i m a t e s  and cropping systems i n  
Southern O n t a r i o  have been computed w i t h  the u n i v e r s a l  s o i  1 l o s s  equa t ion .  
The f o l l o w i n g  f a c t o r s  were considered: l o n g t e n  r a i n f a l  1 data (>22 years 
o f  reco rd ) ,  s o i  1 e r o d i b i l i t y ,  s lope  leng th ,  s lope  g r a d i e n t ,  cropping 
management and e r o s i o n  c o n t r o l  p r a c t i c e s .  F i g u r e  1 i n d i c a t e s  t h e  average 

on losses f rom t h e  r e p r e s e n t a t i v e  annual p o t e n t i a l  sheet  and r i l  1 eros 
a g r i  c u l t u r a l  watersheds. 

I f  the  e f f e c t  o f  l a n d  use on so 
i n  F i g u r e  1 revea l  t h a t  a g r i c u l t u r a l  

1 i s  considered, the summary r e s u l t s  
watersheds w i t h  t h e  h i g h e s t  sheet  and 

r i l l  e r o s i o n  p o t e n t i a l  (eg. AG-1,  AG-13)  a re  c h a r a c t e r i z e d  by h i g h  r a i n f a l l  
e r o s i o n  va lues and a h i g h  percentage o f  rw crops (eg. h o r t i c u l t u r a i  crops, 
soybeans, corn) a f f o r d i n g  s l i g h t  canopy p r o t e c t i o n  t o  the  e r o s i v e  energy 
o r  r a i n d r o p  impact. On t h e  other hand, a g r i c u l t u r a l  watersheds w i t h  low 
sheet and r i l  1 e r o s i o n  p o t e n t i a l  a r e  l o c a t e d  i n  l e s s  i n t e n s i v e l y  farmed 
regions where grass and legume crops have been grown i n  g r e a t e r  abundance. 

Mean annual sheet  and r i  1 1  e r o s i o n  s o i  1 losses f o r  t he  major  crops 
grown i n  Southern O n t a r i o  are al:,o shown i n  F igu re  1 .  The sheet  and r i  1 1  
e r o s i o n  losses range from a low o f  <1 ton /ha /y r  f o r  perrnanent grass cover  
t o  a h i g h  o f  >9 t o n h / ' y r  f o r  sone h o r t i c u l t u r a l  row crops. The wide range 
o f  average crop s o i l  losses observed g i v e s  credence t o  the f a c t  t h a t  sudden 
changes i n  c ropp ing  p r a c t i c e s  i n  any g i ven  r e g i o n  can r e s u l t  i n  s i g n i f i c a n t l y  
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 .  
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The sheet and r i l l  e r o s i o n  va lues  no ted  above are  p r e d i c t e d  longterm 
averages w i t h  no a1 l w a n c e s  made for t h e  e f f e c t  o f  year  t o  yea r  r a i n f a l l  
v a r i a t i o n s  o r  t h e  e f f e c t  o f  snowmelt e'vents on s o i l  loss.  For  comparative 
s o i  1 e r o s i o n  p r e d i c t i o n s  i n  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  watersheds, 
sheet  and r i l  1 e r o s i o n  s o i l  losses were computed w i t h  1976 r a i n f a l l  data.  
Fo r  snowmelt e f f e c t s ,  s o i l  l o s s  p r e d i c t i o n s  were a d j u s t e d  upward b y  va lues 
o f  10 to 15% o f  the annual s o i l  loss ,  on t h e  b a s i s  o f  3 years o f  unpub l ished 
p l o t  s t u d i e s  a t  Guelph (van V l i e t  e t  a l ,  1978). 

The 1976 p r e d i c t e d  s o i l  losses a r e  a l l  h i g h e r  than the longterm 
average va lues because o f  t h e  10 t o  15% snowmelt ad justment  and because 
t h e  1976 r a i n f a l l  e r o s i o n  index  o f  130 was tw ice  as h i g h  as the longterm 
average annual va lue  o f  66. The very h i g h  1976 p r e d i c t e d  s o i l  loss va lue  
f o r  H o l i d a y  Creek (AG-5) can be a t t r i b u t e d  t o  l o c a l i z e d  extrema1 summer 
r a i n f a l l  events  (eg. 121 mm r a i n f a l l  f e l l  i n  one 27 hour  p e r i o d ) .  These 
observa t ions  revea l  t he  d i f f i c u l t y  i n  employing s i n g l e  yea r  o r  s h o r t  
d u r a t i o n  data for the purpose o f  o b t a i n i n g  r e l a t i v e  rank ings  o f  the  s e v e r i t y  
o r  nagni  tude o f  the problem. 

A 1  though r a i n f a l l - i n d u c e d  e r o s i o n  occu rs  o v e r  t h e  e n t i r e  landscape a t  
v a r y i n g  ra tes ,  t h e  s t u d i e s  have conf i rmed t h a t  o n l y  a smal l  pe rcen t  o f  t h e  
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  to stream channels. 
Dur ing  the t r a n s p o r t  phase o f  t h e  s o i l  e r o s i o n  process,  d e p o s i t i o n  o f  eroded 
m a t e r i a l s  ( a l l  o r  i n  p a r t )  can take  p l a c e  i n  depress iona l  areas, a t  fence 
rows, o r  i n  grassed b u f f e r s t r i p s  b e f o r e  reach ing  the  stream system. 

A two year  f i e l d  s tudy  (1975, 1976) on areas t h a t  c o n t r i b u t e  sediments 
i n t o  streams has i n d i c a t e d  t h a t  about 10% o f  t h e  watershed area o f  AG-4 and 
15% o f  AG-5 were a c t i v e l y  c o n t r i b u t i n g  eroded s o i l  t o  stream sediment loads 
d u r i n g  the  year .  
months) the sediment-producing areas were h i g h e s t  (eg. 15-20% o f  t he  water -  
shed a rea ) .  Under lanl so i  1 mo is tu re  c o n d i t i o n s  (such as i n  summer) the  
sed imen t -con t r i bu t i ng  areas wer2 much smal l e r  than the  average annual values, 
v a r y i n g  between 0-5%. I n  these l a t t e r  cases, most o f  the  s u r f a c e  runof f  
water  appears t o  i n f i l t r a t e  i n t o  t h e  s o i l  and v e r y  l i t t l e  o r  no  sediment 
from t h e  l and  system reaches the  stream system. For  l a r g e  storms, observed 
sed imen t -con t r i bu t i ng  areas have beeri found t o  be i n  c lose  agreement w i t h  
ove r land  runof f  areas p r e d i c t e d  w i t h  Hydro log i c  Model (Whi te ley  and Ghate, 
1978). 

Under h i g h  s o i l  mo is tu re  c o n d i t i o n s  (such as t h e  s p r i n g  

A t  what t ime  o f  t h e  year  a re  r a i n f a l l - i n d u c e d  sheet and r i l l  e r o s i o n  
losses most severe? The s t u d i e s  have shown t h a t  these s o i l  losses a re  
n o t  e q u a l l y  d i s t r i b u t e d  over  the  year. R a i n f a l l  e r o s i o n  p o t e n t i a l  i s  low 
i n  the  spr ing ,  maximizes i n  June, J u l y  and August and d e c l i n e s  i n  t h e  
autumn. Approx imate ly  one h a l f  o f  t he  annual r a i n f a l l  e r o s i o n  p o t e n t i a l  
i s  assoc ia ted  w i t h  the  s h o r t  d u r a t i o n ,  h i g h  i n t e n s i t y  convec t i ve  storms of  
June, J u l y  and August. 

Aforementioned obse rva t i ons  on temporal and s p a t i a l  p a t t e r n s  o f  s o i  1 
e r o s i o n  and sed imen t -con t r i bu t i ng  areas have a s i g n i f i c a n t  i n f l u e n c e  on the 
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s e l e c t i o n  o f  remedia l  measures f o r  the r e d u c t i o n  o f  s o i l  loss.  

3.2 S t reambank E r o s  i o n  

A p r e l i m i n a r y  survey o f  the streambanks i n  16 a g r i c u l t u r a l  watersheds 
i n  Southern O n t a r i o  i n d i c a t e d  t h a t  t h e  most common form o f  a c t i v e  e r o s i o n  
was s l o u g h i n g  and r o t a t i o n a l  slumping, o f t e n  i n  combinat ion w i t h  scou r .  
About 2/3 o f  the banks were concave shaped. O f  t he  t o t a l  bank area 
observed, 13% (range: 0-43%) were found t o  be t o t a l l y  exposed, t h e  remainder 
(87%) was p a r t l y  o r  complete ly  vege ta ted  (Knap, 1978). 

A c t i v e  streambank e r o s i o n  occu r red  on 37% (range: 0-62%) o f  
streambank a rea  observed, t h e  remainder (63%) had no a c t i v e  eros 
e r o s i o n  a t  a l l .  Over 70% o f  t h e  bank area had slopes o f  between 
(44-100%) and s lope  leng ths  f rom 120 t o  365 cm. The streambank 
o b t a i n e d  i n  t h i s  p r e l i m i n a r y  survey was used f o r  the i n t e r p r e t a t  
e x t r a p o l a t i o n  o f  measured streambank e r o s i o n  r a t e s  i n  t h e  a g r i  cu 
watersheds. 

the t o t a l  
on o r  no 

n forma t i  on 
on and 
t u r a l  

200 t o  450 
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4.0 NATURE AND MAGNITUDE OF FLUVIAL SUSPENDED 
SEDIMENT LOADS IN RURAL LANDSCAPES 

4.1 Magnitude o f  F l u v i a l  Sediment Loads 

Two yea rs  o f  measured stream discharge and sediment c o n c e n t r a t i o n  
were a v a i l a b l e  f rom t h e  m o n i t o r i n g  program o f  t h e  1 1  a g r i c u l t u r a l  w a t e r -  
sheds. From these raw data,  sediment loads were computed by  f o u r  d i f f e r e n t  
methods. F i g u r e  2 i 1 l u s t r a t e s  the v a r i a b i l  i t y  o f  annual l oad ing  r a t e s  
o b t a i n e d  w i t h  t h e  f o u r  methods o f  computat ion.  T h i s  v a r i a b i l i t y  r e v e a l s  
t h a t  i n t e r p r e t a t i o n s ,  e x t r a p o l a t i o n  o f  r e s u l t s  and subsequent conc lus ions  
about sediment loads f ran  the a q r i c u l  t u r a l  watersheds a re  h i g h l y  dependent 
on t h e  data base used. The sed ment i n t e g r a t o r s  determined t h a t  the 
i n t e g r a t i o n  and the Naquadat methods r e f l e c t e d  the observed load c o n d i t i o n s  
most a c c u r a t e l y  and hence p r o v i d e  the most re1 i a b l e  r e l a t i v e  rank ing  o f  
watersheds. A lso,  b o t h  of  these methods p r o v i d e  the sediment loads by 
month as r e q u i r e d  f o r  computing mon th l y  sediment de l  i v e r y  r a t i o s .  

Sediment loads computed by  the  i n t e g r a t i o n  method were o n l y  avai  l a b l e  
f o r  the 6 watersheds s t u d i e d  i n  d e t a i l .  Consequently, a combinat ion o f  t h e  
i n t e g r a t i o n  and Naquadat methods o f  l o a d  computations were used f o r  t h e  
sediment i n t e g r a t i o n  aspect o f  t h e  Canadian PLUARG Task C s t u d i e s .  

The a g r i c u l t u r a l  Watersheds have been p laced  i n t o  sediment l oad  
c a t e g o r i e s  on the b a s i s  o f  measured u n i t  area l oad ings  as f o l l o w s :  

AV E RAG E WATERS H ED 

UN I T AREA LOAD1 NG 
(kg/ha/y r) 

WATERSHED I DENT IF1 CAT1 ON* 

900 1 

35 0 3, 4, 5 ,  10, 1 3  

7': See Frank and R i p l e y  (1977) f o r  d e s c r i p t i o n  and l o c a t i o n  o f  watersheds. 

The temporal  d i s t r i b u t i o n  o f  sediment loads f o r  t he  1 1  a g r i c u l t u r a l  
watersheds i s  one f o r  which most o f  the t o t a l  annual loads (mean o f  75%, 
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range o f  41-93%) a re  t r a n s p o r t e d  t o  the mouth o f  the watersheds d u r i n g  
the months o f  February and March. These 2 c r i t i c a l  months are c h a r a c t e r i z e d  
by snow m e l t  events ,  l o w  r a i n f a l l  i n t e n s i t i e s  and h i g h  antecedent s o i l  
mo is tu re  c o n d i t i o n s .  Dur ing the remainder o f  t h e  year,  sediment loads 
i n  t h e  stream system a re  g e n e r a l l y  ve ry  low. T h i s  same p a t t e r n  has been 
observed f o r  r i v e r s  i n  much l a r g e r  dra inage bas ins  (100-1759 km ) i n  
O n t a r i o  by t h e  authors.  

2 

I t  should be  n o t e d  t h a t  t h e  average u n i t  area loadings repo r ted  above 
a r e  r e p r e s e n t a t i v e  o f  r u r a l  land and may i n c l u d e  b o t h  c rop land  and stream- 
bank componen t s. 

4 .2 Nature o f  F l u v i a l  Sediment Loads 

The p h y s i c a l  and chemical p r o p e r t i e s  o f  f l u v i a l  sediments t r a n s p o r t e d  
from a g r i c u l t u r a l  watersheds a re  q u i t e  d i f f e r e n t  from the  soi  1 m a t e r i a l s  
from which they were d e r i v e d  ( h a l l ,  1978). T h i s  o b s e r v a t i o n  r e f l e c t s  the 
s e l e c t i v e  n a t u r e  o f  t h e  s o i l  e r o s i o n  process towards the f i n e s t ,  most 
e r o d i b l e ,  s o i l  p a r t i c l e s .  The t e x t u r e  o f  t h e  f l u v i a l  suspended sediments 
i n  a l l  a g r i c u l t u r a l  reg ions was u s u a l l y  a heavy c l a y  (>60% c l a y )  w i t h  c l a y  
con ten ts  ranging from 59 t o  982. T h i s  rep resen ts  an enr ichment  of  c l a y  
f rom one t o  f o u r  t imes t h a t  found i n  watershed s o i l  m a t e r i a l s .  Organic  
m a t t e r  l e v e l s  o f  suspended sediments were analogous t o  s u r f i c i a l  s o i  1 
m a t e r i a l  (<5%) w h i l e  t h e  c a t i o r  exchange c a p a c i t y  o f  the suspended 
sediments was two t o  th ree  t imes g r e a t e r  than s o i l  m a t e r i a l s .  

Sediments t h a t  s e t t l e  o u t  on stream beds d u r i n g  t r a n s p o r t  a r e  o f t e n  
resuspended and t r a n s p o r t e d  a t  a l a t e r  date,  under a h i g h  stream energy 
regime. The t e x t u r e  o f  these bot tom sediments i n  t h e  a g r i c u l t u r a l  wa te r -  
sheds was u s u a l l y  a sandy loam w i t h  c l a y  con ten ts  ranging from 10% t o  35% 
and sand con ten ts  f rom 25% t o  90%. Enrichment o f  sand i n  bot tom sediments 
over  s o i l  m a t e r i a l s  o f  from >1 t o  4 t imes r e f l e c t s  t h e  s e l e c t i v i t y  o f  t h e  
t r a n s p o r t  process t o  the f i n e  s o i l  p a r t i c l e s .  The o r g a n i c  m a t t e r  con ten t  
o f  t h e  bot tom sediments was u s u a l l y  < 3 % ,  w h i l e  c a t i o n  exchange c a p a c i t i e s  
ranged f rom 10 to  25 meq/100g. The c l a y  m ine ra logy  o f  the watershed s o i l s ,  
f l u v i a l  suspended sediments and bot tom sediments were analogous w i t h  mica, 
q u a r t z  and ve rm icu l  i t e  predominant. 
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5.0 RELATIVE SIGNIFICANCE OF DIFFERENT FLUVIAL 
SEDIMENT SOURCES 

As s t a t e d  e a r l i e r ,  t h e  p r i m a r y  sources o f  sediments t o  streams i n  
r u r a l  landscapes a re  c rop land  and streambanks. Whi le  o t h e r  sources o f  
f l u v i a l  sediment a r e  recognized (e.g.  roads ide  e r o s i o n ) ,  t h e  c o n t r i b u t i o n  
f rom such sources have been judged t o  be min imal  i n  t h e  a g r i c u l t u r a l  
watersheds i n v e s t i g a t e d .  The purpose o f  t h i s  d i s c u s s i o n  i s  t o  r e p o r t  
data t h a t  can be used t o  p a r t i t i o n  the t o t a l  sediment l oad  of  the 
a g r i c u l t u r a l  s tudy  watersheds i n t o  r e l a t i v e  streambank and c rop land  
component sources. 

Streambank e r o s i o n  s t u d i e s  on t h e  a g r i c u l t u r a l  s tudy watersheds 
p r o v i d e d  measures o f  t h e  q u a n t i t y  o f  f l u v i a l  sediments c o n t r i b u t e d  t o  
streams from t h i s  source. Fo r  computat ional  purposes, t h e  amount o f  
streambank m a t e r i a l  t h a t  i s  t r a n s p o r t e d  by streams as suspended sediments 
t o  t h e  Great Lakes was assumed t o  be o n l y  the s i l t  and c l a y  f r a c t i o n  o f  
t he  eroded m a t e r i a l .  The sand-sized ma te r ia1  eroded from the streambanks 
was assumed t o  have become depos i ted  d u r i n g  t r a n s p o r t  ( t h e  many dams and 
impoundments on r i v e r s  i n  O n t a r i o  would en t rap  much o f  t h i s  coarse sediment 
load) and n o t  t o  have c o n t r i b u t e d  s i g n i f i c a n t l y  t o  Great Lakes loadings.  
Table 1 shows streambank e ros ion  r a t e s  i n  1 1  o f  the a g r i c u l t u r a l  s tudy 
watersheds. The streambank e r o s i o n  r a t e s  range from 223 kg/ha/yr  t o  
l e s s  than 10 kg/ha/yr f o r  the 1 1  a g r i c u l t u r a l  watersheds. 

The sediments d e r i v e d  from streambank e ros ion  have been expressed as 
a percentage o f  t h e  measured 1976 f l u v i a l  suspended sediment l oad  (Tab le  1 ) .  
The percentage o f  the t o t a l  Suspended sediment l oad  c o n t r i b u t e d  by stream- 
bank e r o s i o n  ranges from a h i g h  o f  33% i n  A G - 4  t o  a l w  o f  2% i n  AG-5. 
Since n o  independent e s t i m a t e  3 f  e r o s i o n  f rom c rop land  was a v a i l a b l e ,  
the c rop land  c o n t r i b u t i o n  t o  siuspended sediment l oad ings  has been c a l c u l a t e d  
by t h e  d i f f e r e n c e .  On t h i s  b a s i s ,  i t  i s  concluded t h a t  e r o s i o n  from 
c rop land  i s  t h e  l a r g e s t  source ( r a n g i n g  from 70 t o  100%) o f  suspended 
sediments t o  streams i n  a g r i c u l t u r a l  watersheds (Table 1).  

1 1  



Table 1 :  P a r t i t i o n i n g  o f  1976 measured suspended sediment l oads  i n  streambank and c rop land  
e r o s i o n  components 

1976 STREAM 1976 STREAMBANK STREAMBANK AS CROPLAND AS PROPORTION 
WAT E RSH E D SEDIMENT LOADS’ EROSION ESTIMATES~ PROPORTION OF TOTAL OF TOTAL SEDIMENT LOAD 

( kg/ha/y r ) (kg/ha/y r )  SEDIMENT LOAD (%) ( 100 - % STREAMBANK) 

AG- 1 998 22 3 22 78 

AG -2 140 10 7 93 

AG-3 258 24 9 91 

AG-4 41 9 137 33 67 

AG-5 35 1 5 2 98 

A AG-6  643 
N 

A G - 7  43 

10 

7 4  

16 

16 

84 

84 

AG-10 37 5 17 5 95 

AG-11  19 65 --  - -  

AG-13 31 0 41 1 3  87 

1 

2Knap, (1978) PLUARG, TASK C, ACTIVITY 6. 
3 P r ~ b l e m s  w i t h  s t reamf low measurements account f o r  t h e  v e r y  l ow  sediment load,  
4Est imates  f o r  o r i g i n a l  se lec ted  watersheds, b e f o r e  r e l o c a t i o n .  

U s i  ng NAQUADAT method o f  sediment l o a d  computation. 



6.0 PREDICTION OF FLUVIAL SEDIMENT LOADS 

Since  many o f  t he  t r i b u t a r i e s  t o  the Great Lakes a r e  n o t  mon i to red  
f o r  suspended sediments, i t  was d e s i r a b l e  f o r  t h e  s t u d i e s  t o  o b t a i n  a 
methodology whereby suspended sediment loads c o u l d  be p r e d i c t e d .  This  
p r e d i c t i o n  c a p a c i t y  would a s s i s t  i n  l o c a t i n g  areas w i t h  excess i ve  sediment 
l o a d i n g  r a t e s  w i t h o u t  the expense o f  a m o n i t o r i n g  program. The U n i v e r s a l  
S o i l  Loss Equat ion p r o v i d e d  a method whereby p o t e n t i a l  s o i l  e r o s i o n  losses 
c o u l d  be computed from r e a d i l y  a v a i l a b l e  s o i l  and land  use data.  By the 
a p p l i c a t i o n  o f  a d e l i v e r y  r a t i o  f a c t o r  ( d e f i n e d  as t h e  p r o p o r t i o n  o f  t h e  
gross so i  1 e r o s i o n  d e l i v e r e d  t o  the  s t ream),  t he  Un ive rsa l  S o i l  Loss 
Equat ion has been used t o  p r e d i c t  stream suspended sediment loads. The 
S o i l  Conservat ion Serv i ce ,  U n i t e d  States Department o f  A g r i c u l t u r e ,  has 
p u b l i s h e d  a d e l i v e r y  r a t i o  cu rve  f rom which the d e l i v e r y  r a t i o  o f  drainage 
bas ins can be computed. Suspended sediment loads f o r  the a g r i c u l t u r a l  
s tudy watersheds were p r e d i c t e d  in t h i s  manner, and w i t h  a d e l i v e r y  r a t i o  
based on d ra inage  s i z e  b u t  m o d i f i e d  f o r  predominent s o i l  t e x t u r e s .  These 
p r e d i c t e d  sediment l oad ings ,  a long w i t h  measured suspended sediment va lues 
have been i n c l u d e d  i n  Table 2. 

The p r e d i c t e d  sediment l o a d i n g s  f o r  the 1 1  a g r i c u l t u r a l  watersheds 
appear t o  ove res t ima te  measured suspended sediment loads. The d e l i v e r y  
r a t i o  ( A )  based on dra inage area appears t o  p r o v i d e  a more accu ra te  
e s t i m a t e  o f  the sediment loads than does d e l i v e r y  r a t i o  B based on dra inage 
area and s o i l  t e x t u r e  (Table 2 ) .  Given t h e  l i m i t a t i o n s  o f  b o t h  p r e d i c t i o n  
procedures and the sho r t  term ( 2  y r s )  o f  reco rd  a v a i l a b l e  f o r  a c t u a l  l oad  
measurement, t h e  e s t i m a t e s  o f  sediment l oad  i n  t h e  a g r i c u l t u r a l  watersheds 
seem reasonable and m e r i t  f u t u r e  c o n s i d e r a t i o n  f o r  s o i l  e r o s i o n  p r e d i c t i o n  
s t u d i e s .  

A computer ized v e r s i o n  (SEDE:L Model, S . C . S .  Washington) o f  t he  above 
methodology has been employed w i t h  s a t i s f a c t o r y  r e s u l t s  t o  p r e d i c t  
suspended sediment loads i n  AG-4 and AG-5. T h i s  method i s  w e l l  s u i t e d  
f o r  use i n  l a r g e  dra inage bas ins .  

A sediment t r a n s p o r t  computer model (STCM, K l i n g  and Olsen) has been 
employed i n  two o f  the a g r i c u l t u r a l  watersheds, AG-4  and AG-5. 
a p p l i e s  a t r a n s p o r t  f a c t o r  (based on s lope changes) to  gross s o i l  e r o s i o n  
losses as computed b y  t h e  U n i v e r s a l  S o i l  Loss Equat ion t o  p r e d i c t  suspended 
sediment loads. P r e d i c t e d  suspended sediment loadings have been found 
t o  be approx ima te l y  2.5 t imes g r e a t e r  than t h e  1976 measured 

Th is  model 



Table 2: P red ic ted  stream sediment l o a d s  f o r  t h e  11 a g r i c u l t u r a l  s tudy watersheds 

DELI V E R Y  SEDIMENT LOADINGS (kg /ha /y r )  
RATIO (D.R.) PREDICTED 

MEASURED % (Gross Eros ion  x E R O S I O N  E R O S I O N  G R O S S  DRAINAGE 
LOSSES LOSSES E R O S I O N  AREA D.R.) 

WATERSHED (kg./ha/yr) (kg/ha/y r )  (kg /ha /y r )  ( sq m i  1 es)  A 8" A1 B 

AG- 1 6574 286 6860 19.6 15 30 1029 2058 906 

AG-2 984 20 1004 30.5 14 7 141 70 146 

AG-3 57 52 29 578 1 23-9 15 21 867 1214 219 

AG-4  2086 241 2327 7 -2  19 25 442 58 2 47 5 

AG-6 3980 14  3994 21.1 15 13 599 719 63 

AG-7 5676 18 5694 21.8 15 10 8 54 569 87 

2 

c- 

AG-10 1055 18 11773 11.7 17  30 182 322 2 82 

AG-11 2997 93 3090 9 02 18 26 556 803 158 

AG-13 72 52 56 7 308 7 97 19 10 1389 731 245 

AS- 14 1244 94 1338 17.4 16 25 214 335 134 

'As  computed by t h e  u n i v e r s a l  s o i l  l o s s  equ3t ion.  
Gross e ros ion  i s  t he  sum o f  p o t e n t i a l  sheet e r o s i o n  l osses  and p o t e n t i a l  streambant e r o s i o n  losses.  

3 D e l i v e r y  r a t i o s  based on drainag:: b a s i n  z m e  ($-C*S-, 1973) 
" D e l i v e r y  r a t i o s  based on dra inage b a s i n  zone but mod i f i ed  f o r  predominant s o i l  t e x t u r a l  m a t e r i a l s  i n  

5"Naqu-ldat" method, mean o f  2 years  da ta  (May 1 ,  1975 - A p r i l  30, 1977) 

2 

watersheds (S.C.S., 1973 b ) .  



suspended sediment loads. 

S ince the  STCM Model cons ide rs  i n d i v i d u a l  4 ha g r i d s  w i t h i n  a wa te r -  
shed, i t  becomes a u s e f u l  method t o  i d e n t i f y  t he  l o c a t i o n  o f  e r o s i o n -  
s e n s i t i v e  lands w i t h i n  a watershed. T h i s  aspect o f  the model has been 
employed t o  assess the u t i l i  t y  o f  d i f f e r e n t  remedial  measures i n  reducing 
s o i l  e ros ion .  The r e s u l t s  O F  these s t u d i e s  a r e  repo r ted  elsewhere i n  t h i s  
s umma r y . 

A r e g r e s s i o n  a n a l y s i s  f o r  the 1 1  a g r i c u l t u r a l  watersheds, w i t h  14 
measured watershed c h a r a c t e r i s t i c s  and the  1976 u n i t  area loads (Naquadat 
Methodology) as the  dependent v a r i a b l e  has i n d i c a t e d  t h a t  sediment l oad  
i s  a f u n c t i o n  o f  % row crops and % c l a y ,  e x p l a i n i n g  71% o f  t h e  t o t a l  
v a r i a t i o n  i n  sediment y i e l d  w i t h  the equa t ion ,  

Sediment l o a d  (KG/HP.)=-281.2 + ( %  r o w  crops x 8.3) + ( %  c l a y  x 13.6).  

T h i s  reg ress ion  equa t ion  cou ld  be used t o  p r e d i c t  sediment loads f o r  o t h e r  
areas where % row crops and 9 c l a y  a r e  known (van V l i e t  e t  a l ,  1978). 

D e l i v e r y  r a t i o s  have been used f o r  the p r e d i c t i o n  o f  f l u v i a l  suspended 
sediment loads i n  Canadian as w e l l  as U n i t e d  S ta tes  Great Lakes Basin 
s t u d i e s .  Pub l i shed  d e l i v e r y  r a t i o s  t h a t  have been a v a i l a b l e  f o r  use i n  
these s t u d i e s  have o f t e n  n o t  been developed f rom Great Lakes Basin data.  
S ince  measures o f  f l u v i a l  suspended load as w e l l  as p o t e n t i a l  g ross  e r o s i o n  
were a v a i l a b l e  f o r  t h e  1 1  a g r i c u l t u r a l  s tudy watersheds i n  t h e  Canadian 
Great Lakes Basin,  i t  has been p o s s i b l e  t o  compute a d e l i v e r y  r a t i o  f o r  
these watersheds. Table 3 shows computed d e l i v e r y  r a t i o s  f o r  t h e  1 1  s tudy  
watersheds as w e l l  as p u b l i s h e d  d e l i v e r y  r a t i o s  based on dra inage b a s i n  
area. 

I n  many cases, t h e  computed and pub l i shed  d e l i v e r y  r a t i o s  compare 
favourably  (e.g.  AG-1,  2 ,  4, 5 ,  10, 14) w h i l e  i n  o t h e r  watersheds t h e  
d e l i v e r y  r a t i o s  d i f f e r  s i g n i f i c a n t l y  (AG-3, 6, 7, 1 1 ,  1 3 ) .  There i s  n o  
apparent reason f o r  t h i s  d iscrepancy i n  d e l i v e r y  r a t i o  values. A n a l y s i s  
o f  t h e  data suggests t h a t  extreme ca re  should be  used i n  the  s e l e c t i o n  o f  
d e l i v e r y  r a t i o s  f o r  use i n  t h e  p r e d i c t i o n  o f  f l u v i a l  suspended sediment 
loads. 

Sediment d e l i v e r y  r a t i o s  have been computed from 1976 da ta  on a 
month ly  b a s i s  f o r  the Canadiar a g r i c u l t u r a l  s t u d y  watersheds i n  o rde r  t o  
i n v e s t i g a t e  seasonal v a r i a t i o n  i n  sediment d e l i v e r y .  The genera l  seasonal 
p i c t u r e  t h a t  has evolved revea ls  a h i g h  d e l i v e r y  o f  eroded sediments i n  
the  cool  wet  s p r i n g  months and a low d e l i v e r y  o f  eroded sediments i n  t h e  
h o t  d r y  summer months w h i c h  increases s l i g h t l y  d u r i n g  t h e  autumn p r i o r  t o  
f r e e z e  up. Whi le  s o i l  e r o s i o n  may be a c t i v e  throughout  the yea r ,  t h e r e  
appears t o  be o n l y  a r a t h e r  s h o r t  t ime p e r i o d  i n  t h e  s p r i n g  o f  t h e  year  
when t h e  t r a n s p o r t  o f  e rod ing  sediments t o  streams i s  s i g n i f i c a n t .  Th is  
da ta  g i v e s  credence t o  the suggest ion t h a t  e f f e c t i v e  s o i l  e r o s i o n  remedial  
measures must take  i n t o  account b o t h  temporal and s p a t i a l  aspects  o f  t h e  
e ros i on p roce s s . 



Tab1 e 3: Del i v e r y  r a t i o s  f o r  t h e  a g r i  c u l  t u r a l  s tudy  watersheds 

WAT E RSH ED 

AG-1 

AG-2 

AG- 3 

AG-4 

AG- 5 

AG-6 

DELIVERY RATIO (D.R. )  % 
c 3  - B 2  - A l  - 

13 16 30 

15 14  7 

4 15 20 

21 19 23 

7 18 21 

2 15 19 

AG-7 2 15 9 

AG-10 

AG-11 

AG-13 

AG-14 

26 18 37 

5 18 38 

3 19 10 

10 16 30 

'Computed f o r  t h e  a g r i c u l  t i i r a l  s tudy watersheds as fo l l ows :  

D.R. = Suspended Sediment Load ( 2  y r  mean, Naquadat) 
Average Annual Sheet and R i l l  E ros ion  + Gross Streambank Eros ion  

2Based on d ra inage  b a s i n  area ( S . C . S . ,  1973) 

3Based on d ra inage  b a s i n  area w i t h  m o d i f i c a t i o n  f o r  d ra inage b a s i n  tex tu re .  
(S,C.S., 1973 b ) .  
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7.0 EXTRAPOLATION OF SEDIMENT LOADING RATES 
TO AGRICULTURAL LAND IN THE CANADIAN 
GREAT LAKES BASIN 

Dur ing  the course o f  t h e  PLUARG s tudy ,  sediment l oad ing  r a t e s  were 
determined for smal 1 (<6000 ha) a g r i c u l t u r a l  watersheds r e p r e s e n t a t i v e  o f  
the predominant a g r i c u l t u r a l  cropping p r a c t i c e s ,  so i  1 s and c l  imates i n  
the Canadian Laver Great Lakes Bas in .  Th is  da ta  base was used t o  f i r s t ,  
e x t r a p o l a t e  a g r i c u l t u r a l  l o a d i n g  r a t e s  t o  the PLUARG watersheds o f  t h e  
Grand and Saugeen R ive rs  and subsequent ly e x t r a p o l a t e  t o  the  e n t i r e  l a v e r  
Great Lakes Basin.  

Since t h e  Grand and Saugeen R ive rs  were mon i to red  f o r  sediment loads 
d u r i n g  t h e  PLUARG study p e r i o d ,  these watersheds p r o v i d e d  a good s t a r t i n g  
p o i n t  t o  check e x t r a p o l a t i o n  procedures.  Measured suspended sediment 
l oad ings  f o r  t h e  Grand and Saugeen R i v e r s  were 332 and 488 kg/ha/yr  
r e s p e c t i v e l y  (Table 4 ) .  These va lues represent  bo th  t h e  r u r a l  and urban 
i n p u t  sources t o  t h e  Great Lakes I 

P r e d i c t i o n  o f  t h e  r u r a l  ( a g r i c u l t u r a l )  c o n t r i b u t i o n  t o  t h e  t o t a l  
suspended sediment load i n  each o f  these watersheds was made by two methods 
(Table 4 ) .  F i r s t ,  an e s t i m a t e  o f  a g r i c u l t u r a l  sediment l oad ing  f o r  t h e  
Grand and Saugeen R i v e r  watersheds was o b t a i n e d  by e x t r a p o l a t i n g  u n i t  area 
l oad ings  o b t a i n e d  from t h e  PLUARG a g r i c u l t u r a l  watersheds t o  1 i ke areas 
i n  the Grand and Saugeen watersheds. P r e d i c t e d  a g r i c u l t u r a l  u n i t  area 
loadings f o r  t h e  Grand and Saugeen watersheds were 300 and 76 kg /ha /y r  
r e s p e c t i v e l y .  When compared t o  the measured l o a d i n g  ra tes ,  the a g r i c u l t u r a l  
c o n t r i b u t i o n  t o  the t o t a l  sediment i n p u t  i s  90% fo r  t h e  Grand and 16% f o r  
t h e  Saugeen (Tab l e  4) . 

A second p r e d i c t i o n  o f  t h e  r u r a l  ( a g r i c u l t u r a l )  c o n s r i b u t i o n  t o  
sediment l oad ings  was made w i t h  a r e g r e s s i o n  equa t ion  (R = .71) t h a t  
was developed f rom measured sediment l o a d i n g  ra tes  and watershed c h a r a c t e r -  
i s t i c s  i n  t h e  1 1  PLUARG a g r i c u l t u r a l  s tudy watersheds. A g r i c u l t u r a l  u n i t  
area loadings p r e d i c t e d  w i t h  t h e  r e g r e s s i o n  e q u a t i o n  method f o r  t he  Grand 
and Saugeen watersheds were 227 and 5 7  kg/ha/yr .  
t u r a l  sediment l o a d  f o r  t h e  Grand and Saugeen watersheds ranged from 68 
t o  90% and 12 t o  66% r e s p e c t i v e l y  when expressed as percentages o f  measured 
loads and percentages o f  a l l  o t h e r  es t ima ted  sources (Tab le  5 ) .  The low 
(12 t o  16%) e s t i m a t e d  a g r i c u l t u r a l  load i n  t h e  Saugeen r i v e r  may r e f l e c t  
an erroneous measured suspended sediment load. 

The e s t i m a t e d  a g r i c u l -  



Table 4 :  Measured and P r e d i c t e d  Suspended Sediment Loadings f o r  A g r i c u l t u r a l  
Land i n  t h e  Canadian Great Lakes Basin 

Method o f  Water shed Source 
Load E s t i m a t i o n  Grand Saugeen Canadian o f  

R i v e r  R i v e r  Great Lakes Sediment 
(kg/ha/y r) 

Measured (Rura l  and 332' 4482 ND3 A l l  Ru ra l  
Urban Sources) and Urban 

Sources 

P r e d i  c t e d  (Ru r a  1 Sources) 3 C  0 76 215 Rura l  Sheet 
(a )  E x t r a p o l a t i o n  o f  and Bank 

measured a g r i c u l t u r a l  E ros i o n  
watershed u n i t  area 
loadings 

(b) E x t r a p o l a t i o n  by 2i.74 5 74 20g5 Rura l  Sheet 
r e g  res s ion equa t ions and Bank 

Eros ion 

' (Hore and Os t ry ,  1978). O.M.E.,  r e g r e s s i o n  computat ions,  2 y r  mean 1975-76 

2(Hore and Ostry ,  1978). Water Survey o f  Canada, i n t e g r a t i o n  computat ion,  
2 y r  mean, 1975-76. 

'Measured da ta  n o t  avai  l a b l e  f o r  a1 1 Canadian t r i b u t a r i e s  

4(van V l i e t  e t  a l . ,  1978). Regression equa t ion  based on two years data 

[R2 = .711 
f rom 1 1  a g r i c u l t u r a l  watersheds a,; f o l l o w s .  Sediment Load (kg/ha/yr )  = 

Crop) + 13.6 ( 8  Clay ) -281 + 8 . i  ( %  RCM 

5(van V I  i e t  e t  a l . ,  
1 1  a g r i c u l t u r a l  wa 
( %  R o w  Crops) + 1 1  

978) .  Regression equa t ion  based on two years data from 
ersheds as f o l l o w s :  Sediment Load (kg/ha/yr )  = -204 + 7.9 
0 ( %  Clay) [R2 = .64] (Appendix 1 and 2) 
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Tab le  5: Est imated a g r i c u l t u r a l  c o n t r i b u t i o n  t o  t h e  sediment l o a d  o f  t h e  Grand and Saugeen 
Wa t e r sheds 

ESTIMATED UNIT AREA LOAD1 NGS ESTIMATED LOAD AS ESTIMATED LOAD A S  A 
EXTRAPOLATION2 EXTRAPOLATION 05 A PERCENTAGE OF PERCENTAGE OF ALLl 

WATERSHED BY R E G R E S S I O N  UNIT AREA LOADS MEASURED LOAD ESTIMATED SOURCES 
kg/ha/y r % 

22 7 
47 
. I  

300 682 to  903 7 j 2 t o  783 

76 1>!2tn 1 6 ~  5g2to 663 

l H o r e  and Ostry ,  1978 

*Es t imated l a n d  computed by t h e  r e g r e s s i o n  method (van  V l i e t  e t  al,, 1978) 

3Est imated l o a d  computed by e x t r a p o l a t i o n  of u n i t  a rea  l oad ings  ( van  V l i e t  e t  al., 1978) 



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  l and  
area i n  the lower  Canadian Great  Lakes Basin was made by methods as 
descr ibed f o r  t he  Grand and Saugeen watersheds. The a g r i c u l t u r a l  land 
area considered was 5,165,733 ha. 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  
watersheds t h a t  were used i n  t h e  PLUARG study t o  d e r i v e  sediment l o a d i n g  
r a t e s  were considered analagous t o  83% o f  the t o t a l  a g r i c u l t u r a l  land 
area. The remaining 17% a g r i c u l t u r a l  land was n o t  i n t e n s i v e l y  farmed 
and judged t o  have low e r o s i o n  p o t e n t i a l .  

The sediment l oad ing  r a t e s  f o r  a g r i c u l t u r a l  land i n  t h e  lower 
Canadian Great Lakes Basin were e s s e n t i a l l y  analogous (215 vs  209 kg/ha/yr )  
when computed by  the  two d i f f e r e n t  methods (Table 4 ) .  The r u r a l  streambank 
e r o s i o n  c o n t r i b u t i o n  t o  the a g r i c u l t u r a l  l y  d e r i v e d  sediment l oad  was 
computed t o  be approx ima te l y  20%. Data used i n  the r e g r e s s i o n  equa t ion  
and computed sediment loads f o r  each subbasin i n  t h e  southern O n t a r i o  
p o r t i o n  o f  t h e  Great Lakes Basin a r e  presented i n  t h e  Appendix. Since n o  
t o t a l  ( r u r a l  and urban sources) sediment loadings were a v a i l a b l e  f o r  t h e  
Canadian Great Lakes Basin,  i t  was n o t  p o s s i b l e  t o  r e p o r t  t h e  r e l a t i v e  
c o n t r i b u t i o n s  o f  the a g r i c u l t u r a l  and urban c o n t r i b u t i o n s .  F i g u r e  3 
shows the s p a t i a l  d i s t r i b u t i o n  o f  a g r i c u l t u r a l l y  d e r i v e d  sediment loads 
i n  p a r t  o f  t h e  Canadian Great Lakes Bas in .  The f o l l o w i n g  t a b l e  shows t h e  
r e l a t i v e  a g r i c u l t u r a l  c o n t r i b u t i o n  o f  suspended sediments t o  t h e  Canadian 
Great Lakes (Appendix 1 and 2 ) .  

A g r i c u l t u r a l  Sediment % o f  T o t a l  
- Load (Tons)' A g r i c u l t u r a l  Load 

Georgian Bay 45,120 4 

Lake Huron 198,627 18 

Lake E r i e  685 ,250 64 

Lake O n t a r i o  155,205 14 

As computed b y  t h e  r e g r e s s i o n  equat ion:  

Sediment l o a d  (kg/ha/yr )  := -204 + 7.9 ( %  R m  Crops) + 11.0 ( %  Clay) 

[ R 2  = .64 ]  
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F i g u r e  3: S p a t i a l  D i s t r i b u t i o n  o f  A g r i c u l t u r a l l y  Der ived  F l u v i a l  Sediment 
Canadian Great  Lakes Bas; n 

Load i n  P a r t  o f  t h e  



8.0 REMEDIAL MEASURES TO REDUCE SOIL EROSION 
AND SEDIMENT DELIVERY 

The r e s u l t s  o f  seve ra l  PLUARG s t u d i e s  concerned w i t h  temporal and 
s p a t i a l  aspects o f  s o i l  e r o s i o n  and sediment d e l i v e r y  have impor tan t  
imp1 j c a t i o n s  i n  the es tab l i shmen t  o f  c o s t  e f f e c t i v e  remedial  programs 
designed t o  lower sediment and associated contaminant i n p u t s  t o  t h e  
Great Lakes. Whi le s o i l  e r o s i m  was observed t o  occur  throughout the 
year,  the d e l i v e r y  o f  f l u v i a l  sediments t o  the Great Lakes was maximum 
i n  t h e  l a t e  w i n t e r  and s p r i n g  months. The two years o f  m o n i t o r i n g  data 
c o l l e c t e d  f o r  PLUARG s t u d i e s  revea led  t h a t  g r e a t e r  than 70% o f  t h e  annual 
sediment load was t r a n s p o r t e d  i ?  the months o f  February,  March and A p r i l .  
I t  i s  apparent from these obse rva t i ons  t h a t  any remedial  programs advocated 
f o r  the r e d u c t i o n  o f  sediment loads must be e f f e c t i v  
c l i m a t i c  and h y d r o l o g i c  c o n d i t i o n s  t h a t  e x i s t  i n  the  
March and A p r i  1 .  

S o i l  e r o s i o n  from c rop land  sources was found t o  
o f  the t o t a l  a g r i c u l t u r a l  c o n t r i b u t i o n  t o  stream sed 

f o r  the s o i l ,  
months o f  February , 

range f rom 70 to 100% 
ment loads. Whi le  

s o i l  e r o s i o n  does occur  on a l l  a g r i c u l t u r a l  land, PLUARG s t u d i e s  found 
t h a t  t he  a c t u a l  percentage o f  the a g r i c u l t u r a l  land t h a t  y i e l d  sediments 
t o  streams i s  much l e s s  than 100%. I n  two d e t a i l e d  a g r i c u l t u r a l  watershed 
s t u d i e s ,  t h e  f l u v i a l  sediment source areas ranged from a maximum o f  20% 
o f  t he  t o t a l  watershed area i n  the wet s p r i n g  months t o  a minimum o f  l ess  
than 5% o f  t h e  t o t a l  watershed area i n  t h e  d r y  summer months. For remedial  
programs designed t o  improve wa te r  q u a l i t y ,  i t  i s  most impor tan t  t h a t  
c o r r e c t i v e  measures be a p p l i e d  s p e c i f i c a l l y  t o  the a c t i v e  sediment-producing 
areas o f  the  a g r i c u l t u r a l  land5,cape. 

Many e r o s i o n  c o n t r o l  p r a c t i c e s  have been used i n  a g r i c u l t u r e  over  a 
wide range o f  s o i  1 ,  s lope, h y d r o l o g i c  and c l i m a t i c  c o n d i t i o n s  w i t h  v a r y i n g  
success l e v e l s .  Crop rotat ion: , ,  c ross -s lope  and contour  farming,  w i n t e r  
cover  crops, res idue  management:, minimum t i  1 lage, grassed waterways and 
stream channel b u f f e r  s t r i p s  at-e among p r a c t i c e s  employed b o t h  d i r e c t l y  
and i n d i r e c t l y  t o  min imize so i1  e r o s i o n  losses. 

However, i t  should be emphasized t h a t  l o c a l i z e d  v a r i a t i o n s  i n  p o l l u t a n t  
sources. so i  1 p r o p e r t i e s  and 1dndscapes, c ropp ing  systems and a c t i v e  
po 1 !u tan t - c o n t r  i b u  t i ng areas m,ake genera 1 i za t i o n s  about s a t  i s f a c t o r y  
remedial  programs impossib le .  Therefore,  t h e  e r o s i o n  and t r a n s p o r t  o f  
p o l l u t a n t s  f rom any p o i n t  on the a g r i c u l t u r a l  landscape must be considered 
as a s i t e - s p e c i f  i c  problem r e q u i r i n g  the implementat ion o f  s i t e - s p e c i f  i c  

2 2  



remedial  measures on the a c t i v e  c o n t r i b u t i n g  areas. I n  o r d e r  t o  i l l u s t r a t e  
an approach t o  remedia l  measure recommendations, s e t s  o f  p r a c t i c e s  were 
developed f o r  f o u r  a g r i c u l t u r a l  watersheds t o  demonstrate (a) t h e  s e l e c t i o n  
o f  remedial  measures commensurate w i t h  an e x i s t i n g  v i a b l e  a g r i c u l t u r a l  
i n d u s t r y  and (b)  the p robab le  c o s t - e f f e c t i v e n e s s  o f  t he  implemented remedial  
program (Tables 6 - 9 ) .  

The r e l a t i v e  magnitude o f  a p o l l u t a n t  source i s  a s i t e - s p e c i f i c  f a c t o r  
gove rn i ng t h e  i mpl emen t a t  i o n  o f  remed i a 1 p rog  rams. For  examp le ,  the 
streambank e r o s i o n  component o f  the t o t a l  sediment load v a r i e s  f rom g r e a t e r  
than 30% as i n  watershed # 1  (Table 6) t o  l e s s  than 5 %  as i n  watershed # 5  
(Tab le  9 ) .  I n  remedial  programs, the g r e a t e r  streambank e r o s i o n  component 
i n  watershed # 1  as opposed t o  t h a t  i n  watershed #5 i s  r e f l e c t e d  i n  t h e  
e x t e n s i v e  and c o s t l y  dra inage e n g i n e e r i n g  measures implemented (Tables 6 
and 8 ) .  

Soi 1 p r o p e r t i e s  such as t e x t u r e  can a l s o  a f f e c t  t h e  s u i t a b i l i t y  o f  a 
remedial  p r a c t i c e  a t  a g i v e n  l o c a t i o n .  Clay s o i l s  such as l o c a t e d  i n  
watershed # 1  a re  n o t  s u i t e d  t o  s p r i n g  p low ing  o r  ze ro  t i l l a g e  remedial  
p r a c t i c e s  s i n c e  t h e  correspondinc y i e l d  r e d u c t i o n s  would make corn o r  
soybeans p roduc t  i o n  uneconomi ca 1 .  However, s p r i n g  p l m  ing  o r  zero t i  1 lage 
a re  v i a b l e  remedial  programs i n  areas w i t h  medium t o  coa rse - tex tu red  s o i l s  
such as i l l u s t r a t e d  i n  watersheds #4 and #5 (Tables 7 and 8 ) .  The shape o f  
the landscape can a l s o  a f f e c t  the s e l e c t i o n  o f  remedial measures. For  example, 
s t r i p  o r  con tou r  c ropp ing  as employed i n  watersheds #4 and #5 a r e  most 
a p p l i c a b l e  on s imple,  u n i f o r m  slopes r a t h e r  than hummocky, complex topography. 

The e x i s t i n g  range o f  crops grown i n  a r e g i o n  can a l s o  a f f e c t  t h e  
s e l e c t i o n  o f  f e a s i b l e  remedial  programs. Crop r o t a t i o n  i s  p r e s e n t l y  a 
comnon p r a c t i c e  i n  watershed # 4  50 was n o t  i n c l u d e d  as a remedial  measure 
(Table 7 ) .  On the  o t h e r  hand, t h e  use o f  hay crops i n  r o t a t i o n s  which a re  
recommended as remedia l  measures i n  watershed # 1  has a ve ry  h i g h  c o s t  
because t h e r e  i s  no l o c a l  market f o r  the hay (Tab le  6 ) .  

The a c t i v e  p o l l u t a n t - c o n t r i b u t i n g  area can a l s o  vary i n  magnitude on 
a r e g i o n a l  bas i s .  Watershed # 1 ,  f o r  example has a c o n t r i b u t i n g  area o f  50% 
w h i l e  t h e  remain ing watersheds used i n  the  examples ( # 3 ,  4 ,  5 )  have c o n t r i b u t i n g  
areas o f  25% (Tables 5 - 8 ) .  A l a r g e  c o n t r i b u t i n g  area such as observed i n  
watershed #l  n e c e s s i t a t e s  the implementat ion o f  remedial measures on a 
l a r g e r  area w i t h  assoc ia ted  g r e a t e r  cos ts  (Tables 6 - 8 ) .  

Tables 6-9 have been used as examples o f  an approach t o  remedial  
measures based upon the understanding o f  e r o s i o n  and p o l  l u t a n t  t r a n s p o r t  
processes and da ta  generated d u r i n g  t h e  PLUARG program. Hmever ,  i t  should 
be r e i n t e r a t e d  t h a t  t he  recommendations made f o r  t h e  4 watersheds a r e  
examples of  remedial  programs r a t h e r  than f i n a l  s o l u t i o n s  i n  these areas. 



Tab le  6 :  A p p l i c a t i o n  of Some F e a s i b l e  Remedial Measure A l t e r n a t i v e s  i n  A g r i c u l t u r a l  Watershed  AG-1;  
e s t i m a t e d  c o s t s  and  e f f e c t i v e n e s s  

Waterstitd Ag-1 - Big Creek 

Watershed d e s c r i p t i o n :  Area - 5080 ha ;  s o i l  - 35% to 40% c l a y ;  P o l l u t a n t  l o a d s :  Sediment  (suspended sollcls) =a1 p h o s p h g  
r e l i e f  - l e v e l ;  stream l e n g t h  - 9 1  km; h y d r o l o g i c a l l y  a c t i v e  
c o n t r i b u t i o n  area - 50%; l a n d  u s e  - 62% row c r o p s ,  23% c o r n ,  
37% sovbeans,  27% wheat ,  1% hay; l i v e s t o c k  - 0.08 a n i m a l  
u n i t s  per  ha.  

900 ( k g / h a / y r )  1 .R ( k g / h a / y r )  
260 0.8 
640 I .0 

1 Measured l o a d i n g  r a t e s  
P o t e n t i a l  minimum - z e r o  r o w  c r o p s  
P o t e n t f a l  maxlmum r e d u c t i o n  -__ 

2 Remedial Measure 
Ef f e c t i v e n e s s L  

Sediment  Phosphorus  __ c o s t  ($ )  Explniin t < , r y  
Note % Reduct ion  R e s i d u a l  % R e d u c t i o n  R e s i d u a l  Annual C a p i t a l  

1. Good management p r a c t i c e s  5 850  5 1.70  0 0 3 
2 .  Crop r o t a t i o n s  (Corn-soybeans - wheat - hay) 10 765 10 1.50 130,000 0 4 

3. Winter  cover  ( o a t s )  - s h o r t e r  s e a s o n  c o r n  

4 .  Stream channel  b u f f e r  s t r i p s  

10 690 10 1 .35  57,500 0 5 

1 5  590 10 1 . 2 5  61,820 0 6 

5. Drainage e n g i n e e r i n g :  40 350 1 5  1.00 
a .  Grading c h a n n e l  banks t o  3 : l  s l o p e s  31,000 57 ,000  7 ,  8 
b.  Drop i n l e t  s t r u c t u r e s  100 ,000  9 
c .  Amor t lzac lon  o r  c a p i r a l  c o s t s  1; ,900 1 <I 

1,- 

T o t d l  annual  c o s t s  - $58/watershed  h a .  298,200 157,000 

Explana tory  Notes: 

1. As computed by t h e  f o l l o w i n g  r e g r e s s i o n  e q u a t i o n s  (row c r o p s  = 0) Sediment  ( k g / h a / y r )  = - 2 8 1  + 8.3 ( %  row c r o p s )  + 13.6 ( %  c l a y ) ;  T o t a l  
- 

N 
-e phosphorus ( k g / h a / y r )  = -0.0939 + 0.000846 ( X  c l a y ) 2  + 0.000212 ( %  row c r o p s ) 2 .  

2 .  R e l a t i v e  b e n e f i t s  o b t a i n e d  by each  remedia l  measure  ( i . e .  c o s t  e f f e c t i v e n e s s )  depends  o n  t h e  o r d e r  i n  which t h e y  a r e  implemented.  

3 .  Good management p r a c t i c e s  i n c l u d e  t h e  f o l l o w i n s  no  c o s t  i t e m s  t h a t  a r e  a p p l i c a b l e  t o  all a g r i c u l t u r a l  l and:  - a .  f e r t i l i 7 e  by s o i l  t e s t ;  
b .  r e t a i n  s u r f a c e  r e s i d u e s  over  w i n t e r ;  C .  minimum t i l l a g e  f o r  optimum y i e l d ;  d .  manure i n c o r p o r a t i o n  and r e s t r i c t e d  u s e  n e a r  s t r e a n i s ;  
e .  r e s i d u e  management f o r  s o i l  o r g a n i c  m a t t e r  main tenance ;  f .  c r o s s  s l o p e  f a r m i n g .  

4. Assumed c o s t s  and r e t u r n s  f o r  c r o p p i n g  p r a c t i c e s :  

Revenue L o s t  h y  Crop Convers ions  
~~ 

Corn and Soybeans C e r e a l  G r a i n s  Hay 

Returns  300 bu/ha  @ $2.50/bu 150 bu/ha @ $ 2 . 0 / b u  25 bu/ha  i n c r e a s e  i n  s u b s e q u e n t  c o r n  y i e l d  = $60/ha .  Corn or s o y b e a n s  t o  hay - $340/ha 
= $750/ha  = $300/ha N i t r o g e n  added @ 114 kg/ha @ 44C = $50/ha  Corn or s o y b e a n s  t o  g r a i n s  - 

$HO/ha (assumed e q u a l  t o  c o s t s  s i n c e  no  m a r k e t )  $250/ha 
G r a i n s  t o  hay  - $90/11a c o s t s  $300/ha $100 /ha $80/ha  

Net $4 50/ha  $200/ ha $ I l O / h a  

2500 ha i n  c o n t r i b u t i n g  a r e a  ( c u r r e n t l y  500 h a  c o r n ,  1000 h a  soybenas ,  750 ha wheat ,  50 ha h a y ,  200 ha o t h e r  improved) is changed t o  meet 
r o t a t i o n  r e q u i r e m e n t s  (575  ha c o r n ,  575 ha s o y b e a n s ,  575 ha wheat ,  575 ha hay) r e q u i r i n g  350 ha o f  c o r n  o r  soybeans  and 125 h a  of wheat t o  be  
conver ted  t o  hay.  

~- 

5. 575 ha c o r n  w i t h  25 bu/ha  y i e l d  r e d u c t i o n  ($60/ha) and c o s t  of $&0/ha f o r  o a t s  e s t a b l i s h m e n t .  

6 .  182 ha i n  c o n t r i b u t i n g  a r e a  l o s t  from p r o d u c t i o n  (110 ha c o r n  and soybeans  and 55 ha wheat t o  uncut  hay)  for $60,000;  b u f f e r  s t r i p  maintenance 
@ $lO/ha.  

7 .  Lost  from p r o d u c t i o n  by g r a d i n g  c h a n n e l s  t o  3 : l  bank s l o p e s  - 10 m X 91 km = 91 ha (55  ha c o r n  o r  soybeans  and 30 ha wheat )  

8 .  Grading c o s t s  @ $600/km fo r  9 1  km of channel  

9 .  Drop i n l e t  s t r u c t u r e s  @ 4/km2 ia $ 5 0 0 / s t r u c t i i r e  

10. Amort iza t ion  o v e r  20 y e a r s  @ 10% 



T a b l e  7 :  A p p l i c a t i o n  of Some F e a s i b l e  Remedial  Measure A l t e r n a t i v e s  i n  A g r i c u l t u r a l  Watershed  AG-3; 
e s t i m a t e d  c o s t s  and  e f f e c t i v e n e s s  

Watershed  Ag-3 - L i t t l e  Ausable  River  

Watershed d e s c r i p t i o n :  Area - 6200 ha; s o i l  - 25% t o  30% c l a y ;  P o l l u t a n t  l o a d s :  Sediment  (suspended s o l i d s )  To ta l  phosphorus 
r e l i e f  - g e n t l y  s l o p i n g ;  s t r e a m  l e n g t h  - 40 km; h y d r o l o g i c a l l y  
a c t i v e  c o n t r i b u t i n g  a r e a  - 25%; land u s e  - 45% row c r o p s ,  32% 
c o r n ,  12% beans ,  22% s m a l l  g r a i n s ,  5 X  wheat ,  10% hay;  l i v e s t o c k  
- 0.48 animal  u n i t s  p e r  h a ,  

260 ( k g / h a / y r )  1.1 ( k g / h a / y r )  
60  0.4  

200 0 . 7  

1 Measured l o a d i n g  r a t e s  

P o t e n t i a l  maximum r e d u c t i o n  
- zero 'Ow crops 

2 Remedial Measure 
Ef f e c t i v e n e s s L  C o s t  ($ )  E x p l a n a t o r y  

Note Sed imen t Phosphorus  Annual C a p i t a l  

% Reduct ion  R e s i d u a l  % Reduct ion  R e s i d u a l  

1. Good management p r a c t i c e s  10 2 30 10 1 .00  0 0 3 

2. S t r i p  c r o p p i n g  5 220 5 0 . 9 5  2 ,900  1,000 4 

3. Crop  r o t a t i o n s  ( c o r n  - c o r n  - g r a i n  - hay - hay) 10 200 10 0 .85  25.000 0 5 

4 .  W i n t e r  c o v e r  ( o a t s )  - s h o r t e r  s e a s o n  c o r n  10 180 10 0 .75  42,000 0 6 
5.  S t r e a m  c h a n n e l  b u f f e r  s t r i p s  (20  m width)  1 5  150 10 0.70 18,000 0 7 

a .  T i l e  o u t l e t  s t a b i l i z a t i o n  15 ,000  8 
b .  Bank s t a b i l i z a t i o n  on 1 3  h a  5,200 9 
c .  A m o r t i z a t i o n  of c a p i t a l  c o s t s  2 ,500 10 

b.  D r a i n a g e  e n g i n e e r i n g :  10 135 0 0 . 7 0  

N 
vl T o t a l  a n n u a l  c o s t s  - $15/watershed  h a .  90 ,400  21,200 

~ 

E x p l a n a t o r y  n o t e s  : 

1, 
4 .  

5.  

6 .  

7. 

8 .  

9 .  

10.  

2 ,  and 3 - see n o t e s  f o r  Watershed Ag-1 (Note 1 i n c l u d e s  0.1 kg P / h a / y r  l i ves tock  T e d u c t i o n  e s t i m a t e  f o r  a p p l y i n g  r e m e d i a l  measures)  

S t r i p  c ropping  on 75% of t h e  "C" s l o p e s  i n  t h e  c o n t r i b u t i n g  a r e a  (290  h a )  @ $lO/ha p l u s  a c a p i t a l  c o s t  of $1,000 f o r  some t r e e  and fence-row 
removal .  

Assumed c o s t s  and r e t u r n s  f o r  c ropping  p r a c t i c e s :  
~- 

Hay ___ Revenue L o s t  by Crop Convers ions  

Corn or soybeans t o  hay  - $100/ha 

G r a i n s  t o  hay - n i l  

Corn ( n e t  same for  soybeans)  C e r e a l  g r a i n s  

R e t u r n s  250 bu/ha  @ $2.50/bu 150  bu/ha @ $2,00/bu  25 bu/ha  i n c r e a s e  i n  s u b s e q u e n t  c o r n  y i e l d  

114 kg/ha  N added P 44c = $50/ha /2  y r s  
7 . 5  t o n n e s l h a  hay  P $ 3 0 / t  = $225/ha 

= $6Q/ha/2 y r s  Corn o r  soybeans t o  g r a i n s  -$100/tu = $600/ha = $300/ha 

costs $300/ha $100/ha $80/ha 

N e t  S 300/ha $200/ha $200/ha 

1550 ha I n  c o n t r i b u t i n g  a r e a  ( c u r r e n t l y  700 ha c o r n l b e a n s ,  340 ha g r a i n ,  280 ha hay)  i s  changed t o  meet  r o t a t i o n  r e q u i r e m e n t s  (525 h a  c o r n /  
b e a n s ,  265 ha g r a i n s ,  525 ha hay) r e q u i r i n g  175 ha of c o r d b e a n s  and 75 h a  s m a l l  g r a i n s  t o  be  c o n v e r t e d  t o  hay .  

420 ha c o r n  w i t h  a 25 bu/ha y i e l d  r e d u c t i o n  ($60/ha)  and c o s t  of $40/ha for oats e s t a b l i s h e d .  

80 ha i n  c o n t r i b u t i n g  a r e a  l o s t  from p r o d u c t i o n  (36  ha c o r d b e a n s  @ $300/ha,  18 ha g r a i n s  @ $200/ha ,  14 ha hay  @ $200/ha) :  b u f f e r  s t r i p  
main tenance  @ $lO/ha .  

1 5 0  d r a i n  o u t l e t s  @ $ 1 0 0 / o u t l e t .  

1 3  h a  of  e r o d i n g  b a n k s  s t a b i l i z e d  @ $400/ha. 

A m o r t i z a t i o n  o v e r  20  y e a r s  @ 10%. 



Table  8: A p p l i c a t i o n  of Some F e a s i b l e  Remedial  Measure Al te rna t ives  i n  A g r i c u l t u r a l  Watershed  AG-4 ; 
e s t i m a t e d  c o s t s  and e f f e c t i v e n e s s  

Waterslitsd Ag-4 - Canagagigue Creek 

Waterslied d e s c r i p t i o n :  Area - 1860 ha ;  s o i l  - 25% c l a y ;  r e l i e f  P o l l u t a n t  l o a d s :  Sediment  ( suspended  s o l i d s )  T o t a l  phosphorus  

425 ( k g / h a / y r )  0 .75  ( k g / h a / y r )  
- g e n t l y  s l o p i n g ;  s t ream l e n g t h  - 20 km; h y d r o l o g i c a l l y  c o n t -  

75 0.30 r i b u t i n g  a r e a  - 252; land u s e  - 20% row c r o p  ( a l l  c o r n ) .  32% 

350 0.45 
sii1.111 g r a i n s ,  38X h a y / p a s t u r e ;  l i v e s t o c k  - 0.75 a n i m a l  u n i t s  
p e r  ha. 

1 Measured l o a d i n g  r a t e s  
P o t e n t i a l  minimum - z e r o  r o w  c r o p s  
P o t e n t i a l  maximum r e d u c t i o n  

Exp l a n a  t o r  y c o s t s  ($ )  2 E f f e c t i v e n e s s  
Note 2 Remedial Measure Sed inient Phosphorus  Annual C a p i t a l  

% Reduct ion  R e s i d u a l  % Reduct ion  R e s i d u a l  

1. 

2 .  

3 .  

4. 

5. 

6. 
N 
m 

- 

Good management p r a c t i c e s  10 380 10 0 . 6 7  0 

S t r i p  c r o p p i n g  15  325 10 0.60 1 ,400  
Crop r o t a t i o n  ( c o r n  - g r a i n  - g r a i n  - hay - hay)  - - - - - 
S p r i n g  plowing ( c o r n  and hay)  5 310 5 0 . 5 7  12.000 

Stream cl iannel  b u f f e r  s t r i p s  (20 m); g r a s s e d  waterways 40  185 25 0 . 4 3  18 ,400  

D r d  i n a g  e e n g i n e e r  i ng : 10 165 0 0 . 4 3  
a .  T i l e  o u t l e t  s t a b i l i z a t i o n  
b. Stream bank s t a b i l i z a t i o n  
c .  Amor t iza t ion  of  c a p i t a l  c o s t s  800 

T o t a l  a n n u a l  c o s t  - $18/watershed  h a .  32,600 

0 3 

500 4 
- 

0 6 

0 7 

5,000 8 
1.200 9 

10 __ 
6,700 

- Explana tory  n o t e s :  

1, 2 ,  and 3 - see n o t e s  f u r  Watershed Ag-1 ( A d d i t i o n  t o  Note 1. - i n c l u d e s  s u b j e c t i v e  0.1 k g / h a / y r  l i v e s t o c k  i n p u t  r e d u c t i o n  assumed t o  r e s u l t  from 
L I W  imple inenta t ion  of t h e  remedia l  measures  l i s t e d  .) 

4 .  S t r i p  c r o p p i n g  on 75% of t h e  "C" s l o p e s  i n  t h e  c o n t r i b u t i n g  a r e a  (140 h a )  @ $lO/ha ,  p l u s  $500 c a p i t a l  c o s t s  f o r  f e n c e  r o w  removal .  

5 .  Crop r o t a t i o n  is n o t  a p p l i c a b l e  a s  a new r e m e d i a l  measure,  s i n c e ,  i n  t h i s  w a t e r s h e d ,  t h e y  a r e  a l r e a d y  g e n e r a l l y  p r a c t i c e d .  

6 .  T o  a v o i d  f i e l d s  i n  the  c o n t r i b u t i n g  a r e a  b e i n g  l e f t  b a r e  o v e r  t h e  w i n t e r  p e r i o d ,  e i t h e r  plow i n  t h e  s p r i n g ,  o r  u s e  c o v e r  c r o p  o v e r  w i n t e r ;  - 

7.  40 ha t o  b u f f e r  s t r i p s  and l o s t  f r o m  p r o d u c t i o n  ( 8  ha c o r n  @ $300/ha ,  1 6  ha g r a i n  f3 $200/ha ,  16 ha hay @ $200/ha = $ 8 , 8 0 0 ) ;  g r a s s e d  waterways  

100 ha c o r n  w i t h  expected y i e l d  l o s s  of 25 bu/ha  @ $2.50/bu = $6,000 and 200 ha g r a i n  @ a l o s s  of $30/ha  = 6 , 0 0 0  - t o t a l  $12,00O/yr. 

e s t a b l i s h e d  on  an  e q u a l  land a r e a  w i t h  t h e  s a m e  c o s t s .  Assumed t h a t  t h e  b u f f e r  s t r i p s  and waterways a r e  c l i p p e d  and n o t  h a r v e s t e d  f o r  h a y  - 
maintenance  c o s t s  @ $lO/ha = $800. T o t a l  c o s t  $18,400. 

8 .  50 t i l e  o u t l e t s  s t a b i l i z e d  @ $ 1 0 0 / o u t l e t .  

9 .  3 tia of e r o d i n g  s t reambanks s t a b i l i z e d  f3 $400/ha.  

10. A m o r t i z a t i o n  of c a p i t a l  c o s t s  a t  10% f o r  20 y e a r s .  



Tab le  9 :  A p p l i c a t i o n  of Some F e a s i b l e  Remedial  Measure A l t e r n a t i v e s  i n  A g r i c u l t u r a l  Watershed AG-5; 
e s t i m a t e d  c o s t s  and e f f e c t i v e n e s s  

Watershed Ag-5 - Holiday Creek 

Watershed d e s c r i p t i o n :  Area - 3000 ha;  s o i l  - 20% c l a y ;  r e l i e f  P o l l u t a n t  l o a d s :  
- g e n t l y  s l o p i n g ;  s t ream l e n g t h  - 22 km; h y d r o l o g i c a l l y  a c t i v e  
c o n t r i b u t i o n  a r e a  - 2 5 % ;  l and  u s e  - 48% row c r o p s  ( a l l  c o r n ) ,  
13Z small g r a i n s ,  25% hay;  l i v e s t o c k  - 0 . 6 1  an imal  u n i t s l h a .  

Sediment  ( suspended  s o l i d s )  T o t a l  phosphorus 

250 ( k g / h a / y r )  1.00 ( k g / h a / y r )  
25 0.15 1 Measured l o a d i n g  r a t e s  

P o t e n t i a l  minimum - z e r o  row c r o p s  
P o t e n t i a l  maximum r e d u c t i o n  225 0.85 

Remedial Measure' 
Cos t  ( $ )  E x p l a n a t o r y  E f f e c  t i v e n e s s L  

Note Annual  C a p i t a l  Sediment  Phosphorus 

% Reduct ion  R e s i d u a l  % Reduct ion  Res idua l  

1. Good management p r a c t i c e s  10 225 10 0.90 0 0 3 

2 .  S t r i p  c ropping  1 5  190  10 0.80 2,000 500 4 

3. Crop r o t a t i o n s  (Corn - c o r n  - g r a i n  - hay - hay)  20 150 15 0.67 10,000 0 5 

4. Spr ing  plowing (corn)  
or - n o - t i l l  corn  

10 135 70 0.60 1 5 , 6 0 0  0 6 
( 2 4 , 7 0 0 )  0 7 

5 .  Stream c h a n n e l b u f f e r  s t r i p s  ( 2 0 m )  and g r a s s e d  waterways  40 7 0  15  0.50 20,800 0 8 
6 .  Drainage engineer ing:  1 0  60  0 0.50 

a .  T i l e  o u t l e t  s t a b i l i z a t i o n  5,000 5,000 9 
b. Stream bank s t a b i l i z a t i o n  8 00 800 10 

- _ _  750 11 c .  A m o r t i z a t i o n  of c a p i t a l  c o s t s  

T o t a l  a n n u a l  c o s t  - $16/watershed  h a .  49,150 6,300 

Explana tory  n o t e s :  

1, 2 and 3 - s e e  n o t e s  f o r  Watershed Ag-1 (Note 1 i n c l u d e s  0.05 kg P / h a / y r  l ivestock r e d u c t i o n  e s t i m a t e  f o r  a p p l y i n g  r e m e d i a l  measures)  

4 .  S t r i p  c r o p p i n g  on 75Z of t h e  "C" s l o p e s  i n  t h e  c o n t r i b u t i n g  a r e a  (200 ha)  @ $lO/ha p l u s  a c a p i t a l  c o s t  of $500 f o r  fence-row removal .  

5 .  Assumed c o s t s  and r e t u r n s  fo r  c r o p p i n g  p r a c t i c e s  - s e e  n o t e  5 t o  Watershed Ag-3. 

6 .  260 ha c o r n  w i t h  25 bu/ha  y i e l d  r e d u c t i o n  ($60/11a) = $15,600.  

7 .  N o - t i l l  c o r n  w i t h  35 bu/ha y i e l d  r e d u c t i o n  ( $ 9 5 / h a )  = $24,700 f o r  260 ha .  

8. 40 ha i n  c o n t r i b u t i n g  a r e a  l o s t  t o  p r o d u c t i o n  ( 1 6  ha c o r n  @ $300/tia, 8 ha g r a i n  @ $200/ha,  1 6  ha hay @ $200/ha = $10,000;  g r a s s e d  waterways  
e s t a b l i s h e d  on a n  e q u a l  l a n d  area w i t h  t h e  same c o s t s .  
maintenance c o s t s  @ $lO/ha = $800. T o t a l  c o s t  = $20,800.  

Assumed t h a t  t h e  b u f f e r  s t r i p s  and waterways a r e  c l i p p e d  and n o t  h a r v e s t e d  f o r  hay - 

9.  50 t i l e  o u t l e t s  s t a b l i z e d  a t  $ 1 0 0 / o u t l e t .  

10. 2 ha of e r o d i n g  s t r e a m  banks s t a b i l i z e d  @ $400/ha .  

11.  Amor t iza t ion  of  c a p i t a l  c o s t s  @ 10% over  20 y e a r s .  
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APPENDIX 1 

Locat ion  of  watersheds i n  the On ta r io  p o r t i o n  o f  the L m e r  Great 
Lakes Basin.  
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APPENDIX 2 

APPENDIX 2 

Annual u n i t  area loads and t o t a l  loads o f  t o t a l  sediment from 
a g r i c u l t u r a l  a c t i v i t i e s  i n  subtiasins o f  the  Canadian Great Lakes 
as e s t i m a t e d  by t h e  f o l l o w i n g  reg ress ion  equa t ion :  

Sediment Load = -204 + 7.9 ( %  R o w  Crops) + 11.0 ( %  Clay) kg/ha/yr  
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GEORGIAN BAY 

C lay  I n  
% O f  % O f  T o t a l  Sediment 

Farm Area T o t a l  Area U n i  t T o t a l  I a rm J.2. -L Watershed Surf Soi 1 I n  Row Crop '''s'\ Area  Load Load ing  
0 0 % 0 0 Kg ha lonnes 

ECO 1 
EC0201 
EC020 

EC0204 
EC0205 

~ ~ 0 2 0 3  

ECO 30 1 
E c 0 3 0 2f: 
EC04 
EC0501 
EC0502 
~ ~ 0 6 0 1  
E c 0 6 0 2 f: 

~ ~ 0 8 0  1 
~ ~ 0 8 0 2  
E C O ~  

EC07 

E C l O  
EC11 
EC12 
EC13 
EC 1 &: 
Ec16+ 
E C 1 7:': 
E DO 2" 
E D O ~  
E DO4 
~ ~ 0 5  
E 006 

E D O ~  

ED07 
E Do8 

ED1 0 
ED1 1 
ED1 2 
ED1 3 
ED1 4 
ED1 5 
ED1 &: 

23 e 7  

30.3 
16.0 

17.8 
17.) 
11.9 
17.4 
11.1 
18.9 
18.2 
18.1 
30.6 
16.2 
13.4 
11.2 
16.3 
14.6 

20.5 

5 * O  
19.3 
4.0 --- --- 
6.0 
5.8 

11 .o 
8.1 

16.1 
20.2 
19.2 
5 0 8  

13.4 
18.3 
15.3 
12.2 
12.6 
11.8 
19.1 

5.8 

T o t a l  f o r  Georgian Bay 

30.8 
4.0 

14.2 
19 .O 
19 e 9  
13.3 
20.5 

4.8 
15.3 
16.9 
14.0 
25.0 
34.0 
24.8 
33 - 2  

12.9 

3 06 
3.2 
1.1 
0 
0 
0 -9 
6.2 
9 *2  
7.8 
6 99 
3.1 
0.8 

10.0 
19.1 
6.9 

11.1 
21.5 
18,5 
18,7 

20.6 

8.2 

24.7 
14.4 

70 - 7  
37.1 
39.8 
30.5 
59.8 
60.5 
54.4 
40.1 
61 "1  
73.2 
77.8 
76.2 
51 e 5  

37.7 
65.8 
52 .O 
53.3 
51 "2 
49.2 
51 '>5 
36.6 
14.5 
1001 
25.5 
37.7 
54.5 
41 .7 
42.1 
46.8 
16.4 
34.7 
64.4 
6507 
6 6 ~  
62.2 
77.9 
4707 
71 - 3  
18,9 

302 
162 
85 

173 
150 
136 
90  
26 
40 

139 
108 
194 
404 
172 
207 

83 
78 
22 

0 
3 4 

0 
0 
0 
0 
0 
0 
0 

28 
44 
14 
0 

96 
53 
53 

101 
82 
7 5  

203 
0 

7303.5 
206.4 
345.8 
224.8 
645"2 
339.1 

1638.2 
314.6 

1861.5 
1694.0 
966.7 

2232 " 6  
863.4 
891 03 
491 .O 

1391 .O 
144.7 

0 
428.5 

0 
0 
0 
0 
0 
0 
0 

244,O 
639 3 

32.1 
0 

6814.00 
999 5 

1623.7 
2035.9 
1 599 -9 
11 05.4 
6887.9 

0 

45 120.6 

1149.3 
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LAKE HURON 

Water  shed 

FA0 1 
FA02=': 
FAO 3 
FA04;': 
FA0 7 
FA08 

FA1 0 
FA1 1 
FA1 2 
FBO1 
FB02 
FB0301 
FB04 

FB06 
FB07 
FB070 1 
FB0702 

F C O l O l  
FCOlO2 
FCOlO3 
FCO 104 
FC0105 

FC020 1 
FC0203 

FC0302 
FC0401 
FC0402 
FCO 5 

F A O ~  

F B O ~  

~ ~ 0 8  

~ c o i  06 

FCO 30 1 

F C O ~ O  1 
F C O ~  

F C O ~  
FC08 

FC10 
FC11 
FC12 
FC1301 
F D O l  
FD02 
FDO 3 
~ n o 4  

C l a y  I n  
Surf  Soi 1 

0 
0 

9 00 
0 
0 
0 
0 
0 

13-3  
19.6 
0 
0 

20.8 

18,2 

18.4 
19 -9  

24.5 
23.2 
15.5 
21.8 
21.6 

16.2 
16.9 

22.9 

9 02 
10.7 
10.7 
18.6 
17.5 
27.3 
17.3 
10.6 

28.1 
1603  

29 - 7  
27,2 

2505 
12,4 
12.4 
11.7 
14.0 
6 3  
10.5 
20.8 
24.5 
29 .h 
26.3 

% Of  
Farm Area 

I n  Row Crop 
0 
0 

1.5 
0.6 

0.6 
0.4 

0.5 
0.4 
5 - 2  
7.3 
2.5 
1.2 
1.7 
4.9 
6,o 
3.0 
2.5 
4.6 
3.1 
3.9 
5.4 
4.9 
4 09 

12.1 
17.8 
7.3 

13.7 
16.4 

8.7 
6.9 

16.6 
8.9 
8.8 
7.4 

16.0 

5.6 
5.8 
5.8 
7.3 

13"O 
7.1 

12,8 
19.7 
24.4 
21.3 

5.2 

900 

% O f  T o t a l  Sediment 
T o t a l  Area  U n i t  T o t a l  1 Fa -9- J- -L 

' * ' I * *  A r e a  Load 
0 
0 Kg ha 

39.7 0 
43.8 0 
40 .O 0 

6.7 0 
6.7 0 

10.2 0 
49.2 0 
76,5 70 
30.7 0 
24.7 0 
40.7 39 
79 - 2  38 
74.0 63 
55.2 21 
3508  86 
73.1 89 
60.5 0 
62.3 68 
58.4 77 
56.1 88 
64.3 14 
76.6 79 
37.6 39 
66.5 0 
75.7 23 
85.0 131 
69.6 30 
89.2 166 
80.9 42 
83.4 45 
7900 194 
55.2 166 
78.8 165 
82.4 103 
93.0 1 49 
85.7 0 
60.0 0 
61.2 0 
7700 8 
87.2 79 
68.1 0 
49 09 127 
74.2 22 3 
73.8 31 6 
78.1 2 55  

Loading 
Tonnes 

0 
0 
0 
0 
0 
0 
0 

3570.4 
0 
0 

334.2 
274,1 

1034.5 
141.3 
880.0 

2578.6 
0 

251 5.5 
185.6 
431 - 9  
345.9 

50.7 
207.8 

0 
209.4 

3432.7 

116.0 
517.1 

2194.5 
44.8 

645.0 
886,5 
858.6 

5836.7 
2608.1 

0 
0 
0 

154.2 
1100.7 

0 
2505.5 
3657.7 
5505.3 
2098.2 
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Lake Huron - c o n t ’ d  -- 

Clay  I n  
Watershed Surf S o i l  

FD05 
FD06 
FD07 
FEOl 
FE0101 
FE0102 
FE0103 
FE02 

FE04 
FE05 
FFO1 
FF02 

FF04 
FF0501 
FFO 502 

FF0701 
FF0702 

FEO 3 

FFO 3 

F F O ~  

F F O ~  

% 
24.9 
14.6 
20 .o 
21 “ 1  
16,2 
1002 
16.5 
1705 
24.0 
23.2 

30 .O 
20.4 
27.2 
23.3 

3003 
2 3 0 4  
2703 
2201 
27.1 

18.8 

3006 

% O f  % Of  T o t a l  Sediment 
Farm A r e a  T o t a l  Area U n i t  T o t a l  

Area Load Load ing  
% % Kg ha Tonnes 

26.2 70.9 2 79 3872.8 

1 F a .L ,. -9. I ,  -1- I\ I n  Row Crop 

20.1 
33.6 
29 .o 
13.1 
10.0 
24.7 
16.7 
28,5 

1 e7 
15.7 
44.4 
38.2 
33.3 
26.0 
4305 
32 - 9  
32.6 
33.6 
26,3 
34.4 

87.7 
58.6 
75.9 
91 e 7  

8300  
84.4 
93.1 
91 - 5  
91 -9 
93.6 
53.6 
66.5 

86,8 
97.3 
96.1 
74.6 
90 -9 
84,6 
96.2 

8705 

117 
283 
2 59 

79 
0 

174 
122 
287 

66 
128 
48 0 
324 
‘361 
2 60 
479 
392 
31 3 
364 
2 49 
3 68 

2548.1 
, 2535.6 

3024.9 
3868.5 

0 
7290 3 

10331 -3  
10744.0 

3906 0 5 
4633.1 

26256,i 
4358,4 

561 8.2 
2719.8 

7343 -9 
1960.3 
737605 

286,666.9 

351 54.5 

4251.4 
591 105 

T o t a l  f o r  Lake Huron 
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LAKE E R I E  

Water shed --- 

GAO101 
GAO 1 02 

GAO 1 04 
GAOlO5 
GAOlO7 

GAO 1 09 
G A O l l O  
G A O l l l  
GA02 0 1 
GA02 02 
GA0205 

G A O ~  03 

GAO 1 08 

~ ~ 0 2 0 6  
~ ~ 0 2 0 9  
GA02 1 0 
GAO 30 1 
GA0302 
GA0303 
GAO 304 
GA040 1 
GA0402 
GA0406 
GA0407 
GA0408 
GAO 5 
~ ~ 0 6 0  1 
~ ~ 0 6 0 2  
GA0603 
GA0604 
GB0101 

9 GBO 1 02 
GB0103 
GB0201 
GB0202 

GB04 
GBO 50 1 

G C O l  
GC02 

GBO 3 

~ ~ 0 5 0 2  

GCO 30 1 
~ ~ 0 3 0 2  
GC0401 
GC0402 
GC 040 3 

Clay I n  
Sur f  Soi 1 

20.2 
19 u9 
20.6 
15.0 
12.6 

16.1 

0 
0 

15.9 

17,2 
15.7 

3.7 
30.1 
25.2 
23 .O 
12.3 
15.7 

5.8 
5.8 
5.8 
5.8 
5.8 

13.1 
14,3 
8.0 

12.8 
9.6 
9 - 2  

24.0 
28.4 
28 .o 
19.4 
11.4 
27.2 
28.5 
18.0 
26.0 
24.0 
20.8 
15.3 
6.3 
8.4 

23.7 

7.2 
18.6 
10.1 
6.5 

23 e9 

% O f  
Fa rm Area 

I n  Row Crop 

3.7 
5.9 

14.2 
16.0 
27.9 
41 .O 

32.0 
56.2 
41.1 
13.3 
21 .o 
38.4 
46.4 
37.4 
54.3 

t3 .9 
20.6 
17.1 
1;!.7 
19.1 
29.4 
2 7.6 

0 
0 

29.3 

33.3 
40.4 
14.8 

1it.9 
1 3 " l  
32.3 
43.2 
113.3 
13.7 
3506 
27.8 
2803 
30.4 
37.7 
51 .O 
59.0 
45.6 
45.8 
52.8 
54.7 
43 ,.4 
45.1 

5.0 

% O f  T o t a l  Sediment 
T o t a l  Area U n i  t T o t a l  

72.8 
73.9 
82.1 
83.7 
96.5 
85.2 
67.3 
73.9 
70.1 
85.2 
90.8 
88.6 
84.7 
79 94 
74.1 

100.0 
51 -7  
64.7 
63.8 
56.1 
70.9 
78.8 
67.3 
66.1 
78 -9 
64.0 
79 99 
37.2  
92 09 
94.9 
63.3 
78.2 
44.2 
77.1 
91 02 
80.2 

85.6 

80.1 
92.3 
78.9 
73.6 
91.4 
87.5 
8303 

76.8 

94.2 

48 

136 
0 

157 
297 
206 
2 40 
41 5 
1 63 
2 34 
241 
31 5 
300 
2 66 
291 

0 
24 

0 
0 

92 
187 
103 
2 02 
22 3 

15 
0 

228 
0 

267 
30 5 
241 
219 
277 
304 
286 
2 67 
2 64 
2 70 
3 57 
42 0 
42 3 
29 5 
436 
2 52 
226 

62 

Loadi nq 
Tonnes 

432.6 
2581.5 

134409 
9669.6 

908.4 

638.3 
1339.4 
6874.2 
4677.7 

6382.8 
1889.7 
2998 3 

0 
3 09 
0 
0 

370 5 
3272 5 

290 3 

1497 09 
0 

70009 

3022.2 

162.5 
2402.9 

254.5 
0 

5723.3 
0 

1404 09 
1400.3 
8771.8 
2413.0 
4335.0 
6394 5 
3952 a7 
8373.9 
8619.8 

671.4 
3612.5 

18235.3 
11 564.3 

1723 .O 
15221.4 
6560.3 
480.2 
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Lake E r i e  - c o n t ' d  

% Of % O f  T o t a l  Sediment 
C lay  I n  Farm Area T o t a l  Area Uni t T o t a l  
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32.5 
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20.7 

25.5 
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53.7 
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71 .13 
47 .o 
42 .I+ 
35.6 

39.5 

40.G 

25cf2 

/O 

73.5 
3 08 

57.1 
80.2 
88.9 
87.9 
84.7 
45.0 
76.3 
72.3 
76.5 
86.7 
83.6 
82.2 
85.5 
86.4 

86.3 
88.8 
81.6 
92.6 
86.0 

82 .o 
9 8 ~  

85.5 
88.9 
81 .o 
7706 
83.9 
68.3 
61.1 

91 = 7  

92.2 

87.9 

70.3 
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2 32 
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0 
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302 
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0 
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C lay  I n  
Watershed Surf S o i l  
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HMO9 
HM10 

~ ~ 0 6  
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36.3 
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Farm Area T o t a l  Area Uni t T o t a l  

I n  Row Crop 
0 
0 

5.6 
2 -7 
2 -9 

11 .o 
12.9 
7.1 
3.7 

1009  
7.5 
4.7 

69 -9 
5603 
55.3 

50.3 
53.2 
62.1 
3907 
10.1 
63.3 

6503 

106 
52 
50 

195 
117 
1 69 
203 
283 

0 
92 

Loadi ng 
Tonnes 

908 5 
2282.2 

4390 0 3  
601.8 

241 1.4 
231 1.1 

0 
0 

1310.4 

2352 0 3 

T o t a l  f o r  Lake O n t a r i o  27,226.9 

50-70% of  enumerati  on areas suppressed 

More than  70% o f  enumeration <areas suppressed 

Since c o r r e c t i o n s  cou ld  n o t  be made a c c u r a t e l y  f o r  urban land area i n  
these subbasins, these va lues  o f  percent  o f  t o t a l  area i n  fa rmland 
may be h i g h  (by average o f  le , js  than 3%) .  Data f o r  i n d i v i d u a l  
watershed subbasins shou ld  be used w i t h  care i f  urban land i s  
s i  gn i f i cant .  
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