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S U M M A R Y  

Annual l oads  t o  t h e  Great Lakes from U.  S .  t r i b u t a r i e s  were e s t ima ted  
f o r  t o t a l  phosphorus, s o l u b l e  o r t h o  phosphorus, suspended s o l i d s ,  t o t a l  
n i t r o g e n ,  n i t r a t e  n i t r o g e n ,  ammonia n i t r o g e n ,  and c h l o r i d e .  Loads w e r e  
c a l c u l a t e d  f o r  water y e a r s  1975 and 1976 us ing  a l l  a v a i l a b l e  d a t a .  All 
l oads  f o r  monitored t r i b u t a r i e s  were c a l c u l a t e d  us ing  t h e  r a t i o - e s t i m a t o r  
c a l c u l a t i o n  method except f o r  Lake E r i e  t r i b u t a r y  loads  which were obta ined  
from t h e  Lake Erie Wastewater Management Study. I n  o r d e r  t o  p rov ide  complete 
coverage of t h e  b a s i n ,  l o a d s  from unmonitored watersheds  w e r e  e s t ima ted  
from u n i t  area loads  determined from similar and u s u a l l y  a d j a c e n t  monitored 
watersheds .  

Lake E r i e  r ece ived  t h e  h i g h e s t  phosphorus and suspended s o l i d s  
t r i b u t a r y  l o a d s  du r ing  water yea r  1975, and Lake Supe r io r  t h e  smallest. 
T r i b u t a r y  loads  of most parameters w e r e  h ighe r  dur ing  t h e  1976 water yea r  
than  t h e  1975 water yea r  f o r  a l l  Lakes except  Lake Supe r io r .  D i f f e rences  i n  
loads  g e n e r a l l y  corresponded w i t h  t r e n d s  i n  flow. T r i b u t a r y  flows dur ing  
water y e a r s  1975 and 1976 were h i g h e r  than  t h e  long-term average  f lows ,  
w i t h  t h e  excep t ion  of Lake Supe r io r  t r i b u t a r i e s .  

Municipal and i n d u s t r i a l  p o i n t  sou rces  d i scha rg ing  t o  U. S .  Great Lakes 
t r i b u t a r i e s  were i n v e n t o r i e d  and t h e i r  loading  c o n t r i b u t i o n  e s t ima ted .  
Emphasis w a s  p laced  on phosphorus and suspended s o l i d s  l o a d s ,  w i t h  t h e  most 
complete informat ion  be ing  a v a i l a b l e  f o r  munic ipa l  sources .  When 100 
pe rcen t  t r ansmiss ion  t o  t h e  r i v e r  mouth w a s  assumed, i d e n t i f i e d  p o i n t  sou rces  
accounted f o r  a r e l a t i v e l y  small  pe rcen t  of t h e  t o t a l  t r i b u t a r y  load .  
S i g n i f i c a n t l y  reducing  t h e  assumed d e l i v e r y  of i d e n t i f i e d  p o i n t  sou rce  loads  
g e n e r a l l y  r e s u l t e d  i n  only  a s l i g h t  i n c r e a s e  i n  t h e  p ropor t ion  coming from 
non-point sou rces .  The non-point o r  d i f f u s e  u n i t  area load ing  ra te  v a r i e d  
widely from year-to-year as would be  expected due t o  annual  v a r i a t i o n s  i n  
t o t a l  t r i b u t a r y  loads .  

Two broad c a t e g o r i e s  of Great Lakes t r i b u t a r i e s  w e r e  noted. Loads 
from "event response' '  t r i b u t a r i e s  were g r e a t l y  in f luenced  by runoff  even t s .  
However, l oads  from " s t a b l e  response" t r i b u t a r i e s  w e r e  n o t  as g r e a t l y  
in f luenced  by runoff  e v e n t s ,  s i n c e  concen t r a t ions  d i d  n o t  u s u a l l y  va ry  
g r e a t l y  w i t h  flow, and v a r i a t i o n s  i n  flow w i t h  t i m e  tended t o  b e  more 
moderate. 
t r i b u t a r i e s )  had h igh  annual  d i f f u s e  u n i t  area loading  rates f o r  phosphorus 
and suspended s o l i d s ,  wh i l e  s t a b l e  response  t r i b u t a r i e s  (such as many found i n  
t h e  e a s t e r n  b a s i n  of Lake Michigan) had r e l a t i v e l y  s m a l l  annual  d i f f u s e  u n i t  
area loading  rates f o r  t h e s e  parameters .  
i n f l u e n c e  t r i b u t a r y  response ,  t h e  t ex tu re  of s u r f a c e  s o i l s  i n  t h e  watershed 

Event response  t r i b u t a r i e s  (such as many of t h e  Lake E r i e  

Although many f a c t o r s  probably 

1 



is thought  t o  b e  very  impor tan t .  Event response  t r i b u t a r i e s  tend  t o  d r a i n  
watersheds whose s o i l s  have a h igh  p ropor t ion  of  f i n e  g ra ined ,  c l a y  p a r t i c l e s ,  
wh i l e  s t a b l e  response  t r i b u t a r i e s  have watersheds w i t h  r e l a t i v e l y  coarse-  
g ra ined ,  sandy s o i l s .  

Impor tan t ly ,  wh i l e  t h e  e s t ima ted  loads  are be l i eved  t o  be  based on t h e  
b e s t  a v a i l a b l e  informat ion ,  they  are n a t u r a l l y  s u b j e c t  t o  t h e  l i m i t a t i o n s  of 
t h e  d a t a  and must be  i n t e r p r e t e d  wi th  t h e s e  l i m i t a t i o n s  i n  mind. A major 
sou rce  of e r r o r  f o r  t h e  es t imated  loads  of  some t r i b u t a r i e s  is t h e  l a c k  
of r e p r e s e n t a t i v e  d a t a  over  d i f f e r e n t  f low regimes du r ing  t h e  annual  cyc le .  
However, i f  t h e  d a t a  are c a r e f u l l y  i n t e r p r e t e d  wi th  t h e  l i m i t a t i o n s  of s p e c i f i c  
s i t u a t i o n s  i n  mind, much u s e f u l  in format ion  can be  obta ined .  Moreover, 
t h e  loading  informat ion  presented  should s e r v e  as a foundat ion  f o r  expanding 
and improving load  estimates as more e x t e n s i v e  and long-term d a t a  become 
a v a i l a b l e .  
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C O N C L U S  I O N S  

1. Annual l oads  from U. S. Great Lakes t r i b u t a r i e s  w e r e  estimates f o r  
t o t a l  phosphorus, s o l u b l e  o r t h o  phosphorus, suspended s o l i d s ,  t o t a l  n i t r o g e n ,  
n i t r a t e  n i t r o g e n ,  ammonia n i t r o g e n ,  and c h l o r i d e .  Loads f o r  a l l  parameters 
were c a l c u l a t e d  (except  f o r  Lake E r i e  l o a d s ,  which w e r e  t aken  d i r e c t l y  from 
t h e  Lake E r i e  Wastewater Management S tudy) ,  u s ing  t h e  r a t i o  e s t i m a t o r  method, 
which w a s  found t o  be  a u s e f u l  method f o r  e s t i m a t i n g  loads  on a comparable 
b a s i n s .  I n d i v i d u a l  l oads  were c a l c u l a t e d  f o r  43 t o  110 (depending on t h e  yea r  
and parameter) U. S .  t r i b u t a r i e s .  Loads from monitored t r i b u t a r i e s  account 
f o r  about  55 t o  80 p e r c e n t  of the U. S. Great Lakes d ra inage  b a s i n .  

2 .  Loads from monitored U. S.  t r i b u t a r i e s  accounted f o r  about 65 t o  80 
percent  of t h e  t o t a l  U. S .  t r i b u t a r y  load  on a l a k e  b a s i n  b a s i s  du r ing  t h e  
1975 water yea r .  I n  some c a s e s ,  t h e  1976 U. S. monitored t r i b u t a r y  loads  f o r  
i n d i v i d u a l  t r i b u t a r i e s  accounted f o r  less than  t h i s  amount, i n d i c a t i n g  less 
e x t e n s i v e  f i e l d  sampling du r ing  t h e  1976 water y e a r .  

3 .  While t h e  e s t ima ted  loads  are  be l i eved  t o  be  based on t h e  b e s t  
a v a i l a b l e  in fo rma t ion ,  they  are s u b j e c t  t o  l i m i t a t i o n s  of t h e  d a t a  and must 
be  i n t e r p r e t e d  wi th  t h e s e  s p e c i f i c  l i m i t a t i o n s  i n  mind. A major s o u r c e  of 
e r r o r  i n  e s t i m a t i n g  r i v e r  mouth loads  f o r  some (but  n o t  a l l )  streams is  t h e  
l a c k  of a r e p r e s e n t a t i v e  temporal and s p a t i a l  d i s t r i b u t i o n  of sample d a t a  over 
t h e  annual  cyc le .  

4 .  For most parameters, l oads  were g e n e r a l l y  h ighe r  d u r i n g  t h e  1976 
w a t e r  yea r  than  du r ing  t h e  1975 water yea r .  The one excep t ion  w a s  Lake 
Supe r io r ,  where t h e  o p p o s i t e  occur red .  This  p a t t e r n  corresponds wi th  g e n e r a l  
t r e n d s  i n  flow over  t h e  same pe r iod .  Wide v a r i a t i o n  i n  loads  from yea r  t o  
yea r  is n o t  uncommon and, as i s  necessa ry  i n  e s t i m a t i n g  r e p r e s e n t a t i v e  f lows ,  
long-term reco rds  are necessa ry  t o  e s t a b l i s h  a n  "average" o r  "mean" load  
Never the l e s s ,  a r easonab le  judgement on whether o r  n o t  a load  can b e  cons idered  
t y p i c a l  can be  reached by comparing h i s t o r i c a l  f low informat ion  wi th  c u r r e n t  
flow cond i t ions .  

5 .  Annual mean d a i l y  d i scha rge  t o  each of t h e  Great Lakes w a s  g e n e r a l l y  
h igher  t h a n  t h e  h i s t o r i c a l  average  i n  w a t e r  y e a r s  1975 and 1976, except  f o r  
Lake Supe r io r ,  where t h e  1976 flow w a s  s l i g h t l y  less than  t h e  h i s t o r i c a l  
average  flow. I n d i v i d u a l  t r i b u t a r i e s  e x h i b i t e d  wide v a r i a t i o n s  i n  mean 
annual  flow as compared t o  t h e i r  h i s t o r i c a l  averages ,  implying i n  c e r t a i n  
cases l o c a l  c l i m a t o l o g i c a l  v a r i a t i o n s .  Many streams had h ighe r  s p r i n g  
(March, A p r i l  and May) f l o w s  du r ing  1976 than  i n  1975. 
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6. Flow pe r  u n i t  area of watershed w a s  h i g h e s t  f o r  Lake On ta r io .  Unit 
area flows f o r  t h e  o t h e r  fou r  Great Lakes were approximately e q u i v a l e n t .  

7 .  Lake Erie r ece ived  t h e  l a r g e s t  U. S .  t r i b u t a r y  t o t a l  phosphorus 
and s o l u b l e  o r t h o  phosphorus l o a d s ,  wh i l e  Lake Supe r io r  r ece ived  t h e  smallest. 
Suspended s o l i d s  and n i t r o g e n  t r i b u t a r y  loads  w e r e  a l s o  h i g h e s t  t o  Lake E r i e .  
I t  appears  t h a t  Lake On ta r io  receives t h e  l a r g e s t  c h l o r i d e  t r i b u t a r y  load .  
Lake E r i e  aga in  r ece ived  t h e  l a r g e s t  d i f f u s e  loads  ( t o t a l  load  minus p o i n t  
sou rce  loads )  p e r  u n i t  area of watershed .  

8. Analys is  of l oad ings  du r ing  w a t e r  yea r  1975 i n d i c a t e d  t h a t  t h e  Maumee 
River ,  which d r a i n s  i n t o  Lake Erie, c o n t r i b u t e s  about t w i c e  as much t o t a l  
phosphorus t o  t h e  Great Lakes as t h e  Saginaw Rive r ,  t h e  nex t  l a r g e s t  
t r i b u t a r y  c o n t r i b u t o r .  Other Lake E r i e  t r i b u t a r i e s  and t h e  Grand River 
i n  Michigan w e r e  a l s o  among t h e  h i g h e s t  t o t a l  phosphorus c o n t r i b u t o r s .  
So lub le  o r t h o  phosphorus loads  followed a similar p a t t e r n ,  w i th  t h e  Grand 
River (Michigan), Black-Rocky Complex (Lake E r i e ) ,  arid t h e  Saginaw River 
ranking  behind t h e  Maumee River  as t h e  l a r g e s t  c o n t r i b u t o r s .  

9. During w a t e r  yea r  1975 t h e  l a r g e s t  suspended s o l i d s  load  from any 
t r i b u t a r y  w a s  a l s o  c o n t r i b u t e d  by t h e  Maumee River.  The load  from t h e  
Maumee w a s  about t w i c e  as g r e a t  as t h e  nex t  l a r g e s t  c o n t r i b u t o r s ,  which 
inc luded  s e v e r a l  o t h e r  Lake E r i e  t r i b u t a r i e s ,  t h e  Genesee River (Lake 
O n t a r i o ) ,  and t h e  Ontonagon River  (Lake Supe r io r ) .  Excluding Lake E r i e  
t r i b u t a r i e s ,  f o r  which 1976 d a t a  were n o t  a v a i l a b l e ,  t h e  Genesee River w a s  
t h e  l a r g e s t  suspended s o l i d s  c o n t r i b u t o r  t o  t h e  Great Lakes i n  water year  
197 6 .  

10. The d i f f u s e  load ,  which i s  de f ined  as t h e  t o t a l  t r i b u t a r y  load  
minus t h e  i d e n t i f i e d  p o i n t  sou rce  i n p u t s ,  i nc ludes  c o n t r i b u t o r s  from both  
s u r f a c e  runoff and b a s e  flow. D i f f u s e  sou rces  accounted f o r  a l a r g e  percentage  
of t h e  t o t a l  l oad  f o r  most parameters, assuming 100 pe rcen t  t r ansmiss ion  of 
i d e n t i f i e d  p o i n t  sou rce  i n p u t s .  During 1975 about 70 pe rcen t  of t h e  t o t a l  
phosphorus load  and about  60 pe rcen t  of t h e  s o l u b l e  o r t h o  phosphorus 
t r i b u t a r y  load  t o  t h e  Great Lakes w a s  c l a s s i f i e d  as a t t r i b u t a b l e  t o  d i f f u s e  
sou rces .  The 1975 w a t e r  y e a r  suspended s o l i d s  load  t o  t h e  Great Lakes 
w a s  a t t r i b u t a b l e  almost e n t i r e l y  t o  d i f f u s e  sou rces .  Ammonia n i t r o g e n  
loads  t o  t h e  Great Lakes were leas t  a f f e c t e d  by d i f f u s e  s o u r c e s ,  as less 
than  50 pe rcen t  were cons idered  t o  be  de r ived  from d i f f u s e  sou rces .  With 
t h e  excep t ion  of Lake S u p e r i o r ,  t h e  t o t a l  phosphorus d i f f u s e  load  c o n t r i -  
buted t o  each of t h e  Great Lakes w a s  h ighe r  i n  w a t e r  yea r  1976 than  i n  water 
yea r  1975, r e f l e c t i n g  t h e  g e n e r a l  i n c r e a s e  i n  t o t a l  t r i b u t a r y  l o a d s .  N o  
comparison can be  made f o r  Lake E r i e  due t o  t h e  l a c k  of 1976 d a t a .  

11. S ince  assuming 100 pe rcen t  d e l i v e r y  of p o i n t  sou rces  may ove res t ima te  
t h e  t r i b u t a r y  p o i n t  sou rce  load  t o  t h e  Lakes ( a t  least  on a shor t - te rm b a s i s ) ,  
loading  estimates w e r e  a l s o  de r ived  assuming 50 pe rcen t  d e l i v e r y  of upstream 
po in t  sou rces  and 100 p e r c e n t  d e l i v e r y  of downstream p o i n t  sou rces .  Genera l ly ,  
t h e  assumption of 50 pe rcen t  upstream p o i n t  sou rce  t r ansmiss ion  inc reased  t h e  
d i f f u s e  load  by only  a s m a l l  pe rcen tage  when compared t o  t h e  d i f f u s e  load  
de r ived  under t h e  assumption of 100 pe rcen t  d e l i v e r y  of bo th  upstream and 
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downstream sources .  However, i n  some cases, t h e  e f f e c t  w a s  s i g n i f i c a n t ,  
i n c r e a s i n g  t h e  d i f f u s e  load  by as much as 20 pe rcen t .  
d a t a  had been ca t egor i zed  i n  a format which f a c i l i t a t e s  t h e  c a l c u l a t i o n  of 
t h e  t o t a l  d i f f u s e  load under a v a r i e t y  of d e l i v e r y  assumptions.  

Loading 

12.  A s  might be expec ted ,  d i f f u s e  u n i t  area loads  c a l c u l a t e d  f o r  
d i f f e r e n t  watersheds  v a r i e d  wide ly  from bas in- to-bas in  and from year-to-year.  
Phosphorus and suspended s o l i d s  u n i t  area loads  v a r i e d  somewhat ana lgous ly ,  
w i t h  estimates h i g h e s t  f o r  t h e  Lake Erie  b a s i n ,  t h e  thumb area of t h e  Lake 
Huron b a s i n ,  and p a r t s  of t h e  Lake On ta r io  b a s i n .  A r e l a t i v e l y  low u n i t  
area load  w a s  de r ived  f o r  a major p o r t i o n  of t h e  e a s t e r n  Lake Michigan b a s i n .  

13. Municipal sou rces  accounted f o r  most of t h e  phosphorus p o i n t  sou rce  
load  t o  t h e  Great Lakes. Municipal sou rces  a l s o  accounted f o r  most of t h e  
n i t r o g e n  and a l a r g e  p a r t  of t h e  c h l o r i d e  l o a d ,  a l though a l l  of t h e  i n d u s t r i a l  
p o i n t  sou rces  f o r  each of t h e s e  parameters may n o t  have been i d e n t i f i e d .  
Po in t  s o u r c e  i n p u t s  of suspended s o l i d s  t o  t r i b u t a r i e s  appear t o  have l i t t l e  
impact on t h e  t o t a l  suspended s o l i d s  t r i b u t a r y  load .  Several c h l o r i d e  po in t  
sou rces  a s s o c i a t e d  w i t h  mining o r  i n d u s t r i a l  o p e r a t i o n s  had major impacts on 
t h e  c h l o r i d e  load .  

14.  Analys is  of  a v a i l a b l e  informat ion  i n d i c a t e s  t h a t  munic ipa l  p o i n t  
sou rces  d i s c h a r g i n g  less than  0 .1  mgd (2.83 x lom3 m 3 / s > ,  a l though numerous 
i n  some areas, do n o t  s i g n i f i c a n t l y  a f f e c t  l o a d s ,  a t  least  on a Lake b a s i n  
approach . 

15. Under e x i s t i n g  flow c o n d i t i o n s  found f o r  munic ipa l  w a s t e w a t e r  
t rea tment  p l a n t s ,  d i scha rg ing  i n t o  U .  S .  t r i b u t a r i e s  @oes n o t  i n c l u d e  d i r e c t  
s o u r c e s ) ,  a r e d u c t i o n  of e f f l u e n t  t o t a l  phosphorus c o n c e n t r a t i o n s  from 
l m g / L  t o  0.5 mg/l ,would have a r e l a t i v e l y  minor e f f e c t  on t h e  t o t a l  
t r i b u t a r y  phosphorus load  t o  t h e  Great Lakes. Th i s  i s  p a r t i c u l a r l y  t r u e  
f o r  Lake Supe r io r  and Lake Huron. 

16. Although t h e  r e l a t i o n s h i p  between flow and t h e  concen t r a t ion  of 
various f l o w  sensitive parameters (e. g., phosphorus or suspended solids) 
v a r i e s  widely among t r i b u t a r i e s ,  two broad groups of t r i b u t a r y  responses  
w e r e  noted. C e r t a i n  t r i b u t a r i e s  seem t o  be g r e a t l y  in f luenced  by runoff  
even t s .  These are r e f e r r e d  t o  as "event response" t r i b u t a r i e s .  However, 
o t h e r  t r i b u t a r i e s  are n o t  dominated by runoff even t s  because c o n c e n t r a t i o n s  
do n o t  va ry  g r e a t l y  wi th  flow, and t h e  flow i t s e l f  t ends  t o  be  less e r a t i c  
( l e s s  f l a s h y ) .  These are  r e f e r r e d  t o  as " s t a b l e  response" t r i b u t a r i e s .  
Event response  t r i b u t a r i e s ,  such as many of t h e  Lake E r i e  U. S .  t r i b u t a r i e s ,  
tend t o  have h igh  annual  d i f f u s e  u n i t  area loads  a s s o c i a t e d  wi th  flow 
s e n s i t i v e  parameters ,  such as phosphorus and suspended s o l i d s .  On t h e  
o t h e r  hand, s t a b l e  response  t r i b u t a r i e s ,  such  as Lake Michigan's Grand 
River and many o t h e r  Lake Michigan t r i b u t a r i e s ,  t end  t o  have r e l a t i v e l y  
small annual  d i f f u s e  u n i t  area loads  a s s o c i a t e d  w i t h  t h e s e  parameters. 
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1 7 .  
a stream f i t s  e i t h e r  an  event  r e sponse  o r  t r i b u t a r y  response  c l a s s i f i c a t i o n ,  
t h e  t e x t u r e  of t h e  s o i l  i n  t h e  watershed appears  t o  be  ve ry  impor tan t .  
Those watersheds  w i t h  s u r f a c e  s o i l s  con ta in ing  cons ide rab le  amounts of f i n e  
c lay-s ized  p a r t i c l e s  tend  t o  c o n t r i b u t e  s i g n i f i c a n t l y  h ighe r  u n i t  area loads  
of flow s e n s i t i v e  subs t ances  than  watersheds  t h a t  have more coarse-grained 
sandy s o i l s .  
c o n c e n t r a t i o n s  and flows than  streams d r a i n i n g  c layey  watersheds .  The 
d i f f e r e n c e s  i n  t h e  chemical and p h y s i c a l  c h a r a c t e r i s t i c s  of c lay-s ized  p a r t i c l e s  
and coarse-gra ined  p a r t i c l e s  and t h e  i n f i l t r a t i o n  c a p a c i t y  of sandy s o i l s  
v e r s u s  c l ayey  s o i l s  are major f a c t o r s  which cause  a d i f f e r e n t  l oad ing  response.  
De ta i l ed  informat ion  on s o i l  t e x t u r e  c h a r a c t e r i s t i c s  of U. S.  Great Lakes 
watersheds  have been compiled, and f u r t h e r  a n a l y s i s  of t h e  e f f e c t  of s o i l  
t e x t u r e  on t r i b u t a r y  loads  w i l l  be conducted i n  S u b a c t i v i t y  3-4 of U .  S .  
Task D (PLUARG). 

Although t h e r e  are probably many f a c t o r s  which i n f l u e n c e  whether 

Streams d r a i n i n g  sandy s o i l s  g e n e r a l l y  had more s t a b l e  chemical 

18. Because of t h e  d i f f e r e n c e s  between s t a b l e  response  and event response  
t r i b u t a r i e s ,  i t  i s  f e l t  t h a t  no t  every stream needs t o  be sampled r o u t i n e l y  
dur ing  runoff  e v e n t s  f o r  t h e  purpose of c a l c u l a t i n g  loads .  By examining 
watershed c h a r a c t e r i s t i c s ,  i nc lud ing  bu t  n o t  l i m i t e d  t o  s u r f a c e  s o i l  t e x t u r e s ,  
i t  may be  p o s s i b l e  t o  p r e d i c t  whether an  event  response  o r  s t a b l e  response  
can be  expected. Where p o s s i b l e ,  however, l i m i t e d  sampling du r ing  one o r  
more runoff e v e n t s ,  p a r t i c u l a r l y  dur ing  t h e  s p r i n g ,  would p rov ide  more 
d e f i n i t i v e  in fo rma t ion  on whether r o u t i n e  event  sampling i s  necessa ry  t o  
c h a r a c t e r i z e  t h e  annual  l oad .  Also,  i n  many streams where concen t r a t ion  
remains f a i r l y  s t a b l e ,  sampling over  several y e a r s  on a monthly b a s i s  may 
produce r e p r e s e n t a t i v e  d a t a  which can be  used t o  estimate loads  i n  f u t u r e  
y e a r s .  I n  o t h e r  words, f o r  c e r t a i n  r i v e r s  a knowledge of t h e  d a i l y  flow 
over a g iven  y e a r  may be  a l l  t h a t  i s  necessa ry  t o  reasonably  estimate t h e  
l o a d ,  assuming no major changes occur i n  t h e  c h a r a c t e r i s t i c s  of t h e  watershed 
o r  i n  t h e  p o i n t  sou rce  i n p u t s .  
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I N T  R O D U C T  I O N  

Both Canada and United S t a t e s  d e f i n e  t h e  major a c t i v i t i e s  under Task D 
of t h e  P o l l u t i o n  from Land U s e  A c t i v i t i e s  Reference Group (PLUARG) as 
(1) assessment  of s h o r e l i n e  e ros ion ,  ( 2 )  survey of r i v e r  sediments  and 
a s s o c i a t e d  w a t e r  q u a l i t y ,  and ( 3 )  assessment of t h e  e f f e c t s  of r i v e r  i n p u t s  
on Boundary waters. I n  A p r i l  of 1975, a P lan  of Study w a s  developed t o  
f u r t h e r  d e f i n e  t h e  United States p o r t i o n  of Task D .  This  P lan  of Study 
posed t h e  fo l lowing  g e n e r a l  ques t ions .  

(1) Is shore  e ros ion  a s i g n i f i c a n t  p o l l u t a n t  source  t o  t h e  l ake?  

(2 )  What i s  t h e  t r i b u t a r y  loading  t o  t h e  l a k e  t h a t  is  a t t r i b u t a b l e  
t o  land  d ra inage ,  i nc lud ing  t h e  p o l l u t a n t  loading  a s s o c i a t e d  wi th  
r i v e r  sediments? 

( 3 )  How have r i v e r  i n p u t s  de r ived  from land  d ra inage  a f f e c t e d  t h e  l ake?  

I n  o r d e r  t o  he lp  answer t h e  second q u e s t i o n ,  S u b a c t i v i t y  2-3 of Task D 
w a s  def ined  as i n d i c a t e d  below: 

"Based on e x i s t i n g  d a t a ,  a c a r e f u l  estimate of t h e  
t r i b u t a r y  output  ( inpu t  t o  t h e  Great Lakes) of 
p o l l u t a n t s ,  i nc lud ing  t o t a l  suspended s o l i d s  and 
chemical p o l l u t a n t s  i n  p a r t i c u l a t e  and s o l u b l e  
forms, w i l l  be  made. I n  r e c o g n i t i o n  of t h e  importance 
of h igh  flow c o n d i t i o n s ,  p a r t i c u l a r l y  s p r i n g  r u n o f f ,  
t o  t h e  loading  of many subs t ances ,  t h e  ou tpu t  from 
r i v e r  mouths du r ing  high flow and base  flow (no s u r f a c e  
runof f )  w i l l  be  considered.  Based on estimates of 
p o i n t  sou rce  i n p u t s  t o  t h e  t r i b u t a r i e s ,  estimates of t h e  
p o l l u t a n t  ou tpu t  a t t r i b u t a b l e  t o  d i f f u s e  sources  w i l l  
be  made. I n  a l l  cases ,  estimates of U. S .  loading  w i l l  
be  d e l i n e a t e d  accord ing  t o  i n d i v i d u a l  major watersheds ,  
t h e  15 planning suba reas ,  and t h e  5 l a k e  bas ins ."  

This  r e p o r t  r e p r e s e n t s  t h e  completion of S u b a c t i v i t y  2-3  of U. S .  Task D 
by p r e s e n t i n g  e s t ima t ions  of U .  S .  t r i b u t a r y  loads  of s e l e c t e d  chemicals 
and s o l i d s ,  i nc lud ing  both  p o i n t  and non-point t r i b u t a r y  c o n t r i b u t i o n s .  
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Two prev ious  s u b a c t i v i t i e s  of  U .  S.  Task D provided e s s e n t i a l  background 
in fo rma t ion  f o r  S u b a c t i v i t y  2-3. F i r s t ,  e x i s t i n g  r iver  mouth flow and 
c o n c e n t r a t i o n  d a t a  were i n v e n t o r i e d  i n  S u b a c t i v i t y  2-1 of U. S .  Task D. 
The r e p o r t  from t h i s  t a s k ,  e n t i t l e d  "Ex i s t ing  River Mouth Loading Data i n  
t h e  U. S .  Great Lakes Basin" ( H a l l ,  e t  a l . ,  1976) se rved  as a major r e f e r e n c e  
f o r  t h i s  work. Informat ion  on watershed demarkations,  monitored t r i b u t a r i e s ,  
parameters  monitored, frequency of mon i to r ing ,  and o t h e r s ,  were used i n  s o r t i n g  
o u t  d a t a  u s e f u l  f o r  a c t u a l  load  c a l c u l a t i o n s .  Second, i n fo rma t ion  from 
S u b a c t i v i t y  2-2 o f  U. S .  Task D ,  which c o n s i s t e d  of a d e t a i l e d  moni tor ing  
program of t h e  Grand River nea r  t h e  r i v e r ' s  e n t r a n c e  i n t o  Lake Michigan, 
w a s  very  u s e f u l  t o  t h i s  s tudy .  Th i s  s p e c i a l i z e d  moni tor ing  program, which 
w a s  recommended as  a r e s u l t  of a n  i n t e r i m  r e p o r t  of S u b a c t i v i t y  2-1 of 
U. S .  Task D ,  has provided some extremely v a l u a b l e  and unique informat ion  
of basinwide a p p l i c a t i o n .  

S u b a c t i v i t y  2-3 a l s o  is  in tended  t o  serve as b a s e l i n e  informat ion  f o r  
o t h e r  U. S. Task D s t u d i e s ,  such  as S u b a c t i v i t y  2-5 (phosphorus a v a i l a b i l i t y ) ,  
S u b a c t i v i t y  3-2 ( b i o l o g i c a l  impacts of l o a d s ) ,  and S u b a c t i v i t y  3-4 (summary 
of Task D). Impor tan t ly ,  t h i s  s tudy  is paramount t o  t h e  c e n t r a l  theme of 
Task D,  which i s  t o  de te rmine  t h e  r e l a t i v e  importance of non-point sou rces  
of p o l l u t i o n  w i t h  r e s p e c t  t o  o t h e r  sou rces  o r  o t h e r  f a c t o r s  which a f f e c t  
t h e  water q u a l i t y  of t h e  Great Lakes. This  s tudy  w i l l  a l s o  be u s e f u l  t o  
o t h e r  Tasks i n  PLUARG, p a r t i c u l a r l y  t h e  "overview modeling" i n t e g r a t i o n  
a c t i v i t y .  

While much s p e c i f i c  in format ion  i s  conta ined  i n  t h i s  r e p o r t ,  q u i t e  a 
l a r g e  amount of supplementary in fo rma t ion ,  such as  loads  from i n d i v i d u a l  
po in t  sou rces ,  w e r e  n o t  inc luded  due t o  t h e  volume of t h e  material. This  
supplemental  in format ion  is  a v a i l a b l e ,  however, and i n t e r e s t e d  persons  
should  c o n t a c t  t h e  a u t h o r s  a t  t h e  Great Lakes Basin Commission o f f i c e s  f o r  
f u r t h e r  in format ion .  
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M E T H O D O L O G Y  

PARAMETERS 

Loadings have been c a l c u l a t e d  f o r  t o t a l  phosphorus, s o l u b l e  o r t h o  
phosphorus, suspended s o l i d s ,  t o t a l  n i t r o g e n ,  n i t r a t e  (+ n i t r i t e )  
n i t r o g e n ,  ammonia n i t r o g e n ,  and c h l o r i d e .  Phosphorus, n i t r o g e n ,  and 
suspended s o l i d s  are a l l  important  non-point source  p o l l u t a n t s  which are 
being emphasized i n  t h e  PLUARG s tudy .  Suspended s o l i d s  are of concern n o t  
only as a non-point source  p o l l u t a n t ,  bu t  also because t o x i c  trace 
subs tances  and n u t r i e n t s  are o f t e n  a s s o c i a t e d  w i t h  suspended material. 
Chlor ide  i s  important  because of i t s  conse rva t ive  n a t u r e  and t h e  f a c t  t h a t  
i t  can be  used as a "tracer" t o  provide  gene ra l  i n s i g h t  on load ings  t o  t h e  
l a k e s .  Chlor ide  can a l s o  be  c o n t r i b u t e d  by non-point sou rces ,  such as 
runoff  from urban o r  r e s i d e n t i a l  areas where sa l t  compounds have been 
a p p l i e d  f o r  road de- ic ing  purposes .  

There are o t h e r  subs tances  f o r  which i t  would be u s e f u l  t o  have 
load ing  informat ion .  For example, d e t a i l e d  annual  l oads  t o  t h e  Great Lakes 
of c e r t a i n  t o x i c  heavy metals, such as cadmium o r  z i n c ,  would be  u s e f u l  
in format ion .  However, t h e r e  are very  l i t t l e  d a t a  a v a i l a b l e  on t h e s e  and 
similar subs tances  from which load ings  may be  c a l c u l a t e d .  It i s  l i k e l y  
t h a t  more informat ion  w i l l  be a v a i l a b l e  i n  t h e  near  f u t u r e  on t h e s e  
parameters  from which Great Lakes loadings  can be  c a l c u l a t e d  ( loads  of 
c e r t a i n  t o x i c  subs tances  w i l l  l i k e l y  b e  es t imated  o r  p ro jec t ed  as p a r t  of 
t h e  Great Lakes Basin P lan  p lanning  process  of t h e  Great Lakes Basin 
Commission). For a d i s c u s s i o n  of t h e  a v a i l a b i l i t y  of r i v e r  mouth d a t a  f o r  
a number of parameters  t h a t  were n o t  d i scussed  i n  t h i s  r e p o r t ,  such as 
t o t a l  s o l i d s ,  p a r t i c l e  s i z e ,  s i l i c a ,  t o t a l  s o l u b l e  phosphorus, c h l o r i d e ,  
manganese, i r o n ,  t o t a l  and d i s so lved  heavy metals, p e s t i c i d e s ,  and 
i n d u s t r i a l  o rgan ic s ,  r e f e r  t o  H a l l  et al. (1976) .  

A l l  load ings  were c a l c u l a t e d  based on e x i s t i n g  d a t a  and no a t t empt  w a s  
made t o  determine t h e  q u a l i t y  of  t h e  d a t a  used. N o  de te rmina t ions  w e r e  
made, f o r  example, on t h e  adequacy of t h e  a n a l y t i c a l  t echniques  used t o  
gene ra t e  t h e  d a t a  o r  t h e  q u a l i t y  c o n t r o l  employed i n  t h e  a n a l y s i s .  Fu r the r ,  
t h e  s t a t i s t i c a l  v a l i d i t y  of  t h e  d a t a  w a s  no t  c r i t i q u e d .  S ince  any one 
parameter could be determined by a v a r i e t y  of  methods, many of  which are 
o p e r a t i o n a l l y  def ined  and not  always d i r e c t l y  comparable, a c e r t a i n  amount 
of judgement w a s  used i n  determining whether t h e  d a t a  found f o r  a c e r t a i n  
t r i b u t a r y  w e r e  reasonable .  For example, i n  t h e  c a s e  of  d i s so lved  reactive 
phosphorus, t h e  type  of f i l t e r  paper  used may have a bea r ing  on t h e  r e s u l t s  
r epor t ed .  Soluble  phosphorus d a t a  obta ined  us ing  a g l a s s  f i b e r  f i l t e r  
may no t  c o r r e l a t e  e x a c t l y  w i t h  d a t a  obta ined  u s i n g  a 0.45 micron membrane 
f i l t e r .  However, where r e s u l t s  from two o p e r a t i o n a l l y  def ined  techniques  
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d e f i n e  approximately t h e  same form o r  f r a c t i o n  of a g iven  p o l l u t a n t ,  
f o r  t h e  purposes of t h e s e  load ing  e s t i m a t i o n s ,  they w e r e  g e n e r a l l y  
cons idered  as  t h e  same parameter.  
l oad ing  estimates, s l i g h t  mod i f i ca t ions  i n  methodology were n o t  assumed 
t o  have any s i g n i f i c a n t  b e a r i n g  on t h e  r e s u l t s .  

For t h e  purposes of t h e s e  r i v e r  mouth 

There were some problems (a l though r a r e )  a s s o c i a t e d  w i t h  t h e  terminology 
used f o r  c e r t a i n  parameters, e s p e c i a l l y  i n  t h e  c a s e  of phosphorus. A 
v a r i e t y  of t e r m s  have been used f o r  d i f f e r e n t  phosphorus f r a c t i o n s ,  and i t  
is  sometimes d i f f i c u l t  t o  de te rmine  which form of phosphorus is  a c t u a l l y  
impl ied .  For example, t h e  term "phosphate P" could mean s e v e r a l  d i f f e r e n t  
f r a c t i o n s ,  i nc lud ing  t o t a l  i n o r g a n i c  phosphorus o r  s o l u b l e  r e a c t i v e  
phosphorus. I n  c a s e s  such  as t h e s e ,  i t  w a s  sometimes necessa ry  t o  look a t  
t h e  a n a l y t i c a l  methods used t o  see what form of phosphorus w a s  a c t u a l l y  
implied.  Again, even i f  s l i g h t  d i f f e r e n c e s  i n  techniques  were determined t o  
have occur red ,  t h e  e f f e c t  on t h e  load ing  estimates would g e n e r a l l y  be 
very  small ,  i f  n o t  unde tec t ab le .  I n  o r d e r  t o  g e t  a b e t t e r  unders tanding  of 
t h e  d i f 5 e r e n t  t ypes  of phosphorus forms and how they are analyzed and thus  
o p e r a t i o n a l l y  d e f i n e d ,  t h e  r e a d e r  is  r e f e r r e d  t o  F igu re  4 page 25  i n  
H a l l  e t  a l .  (1976).  

Ni t rogen  d a t a  used i n  t h e  c a l c u l a t i o n s  g e n e r a l l y  caused few problems. 
Nitrate n i t r o g e n  w a s  o f t e n  measured i n  combination w i t h  n i t r i t e  n i t r o g e n .  
S ince  n i t r i t e  is a b s e n t  o r  p r e s e n t  only i n  minute q u a n t i t i e s  i n  most t h e  
waters due t o  i t s  i n s t a b i l i t y  i n  t h e  presence  of oxygen, no d i s t i n c t i o n  w a s  
made between ni t ra te  loads  and n i t r a t e  + n i t r i t e  l oads .  

T o t a l  n i t r o g e n  loads  w e r e  c a l c u l a t e d  based on r e p o r t e d  t o t a l  n i t r o g e n  
v a l u e s  whenever p o s s i b l e .  When t o t a l  n i t r o g e n  w a s  n o t  r e p o r t e d ,  t h e  sum of 
ino rgan ic  p l u s  o rgan ic  n i t r o g e n  concen t r a t ions  o r  t o t a l  K je ldah l  n i t r o g e n  
p l u s  n i t r a t e  (+ n i t r i t e )  n i t r o g e n  w a s  used. 

TOTAL RIVER MOUTH LOAD CALCULATIONS 

A l l  r i v e r  mouth loads  t h a t  w e r e  c a l c u l a t e d  and used i n  t h i s  r e p o r t  are 
presented  i n  Appendix A. These l o a d s ,  c a l c u l a t e d  f o r  i n d i v i d u a l  t r i b u t a r i e s ,  
s e r v e  a s  t h e  b a s i s  f o r  o t h e r  c a l c u l a t i o n s  such as t h e  computation of u n i t  
area load ings .  

Data Sources 

River  mouth l o a d s  w e r e  c a l c u l a t e d  us ing  t h e  b e s t  a v a i l a b l e  concen t r a t ion  
and flow informat ion .  
f o r  any g iven  t r i b u t a r y ,  s i n c e  t h e  conf idence  i n  a load ing  estimate is  
gene ra l ly  improved as t h e  number of d a t a  p o i n t s  is inc reased .  Primary 
sources  of d a t a  i n c l u d e  S t a t e  water s u r v e i l l a n c e  programs, U. S .  Geologica l  
Survey programs, I n t e r n a t i o n a l  J o i n t  Commission PLUARG and Upper Lakes 
Reference Group s t u d i e s ,  t h e  U. S .  Army Corps of Engineers Lake E r i e  
Wastewater Management Study, and o t h e r  work done by u n i v e r s i t i e s  and 
s p e c i a l  S t a t e  o r  Fede ra l  p r o j e c t s .  

Every e f f o r t  w a s  made t o  u t i l i z e  a l l  d a t a  a v a i l a b l e  
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I n  g e n e r a l ,  d a t a  on t h e  seven parameters cons idered  w e r e  a v a i l a b l e  on 
a l l  major U. S .  Great Lakes t i r b u t a r i e s .  Appendix A i n d i c a t e s  t h e  number 
of f low and c o n c e n t r a t i o n  d a t a  p a i r s  t h a t  w e r e  used i n  each load ing  
c a l c u l a t i o n .  

The primary source  of d a i l y  and mean annual  flow informat ion  w a s  U. S .  
Some S t a t e  s u r v e i l l a n c e  Geologica l  Survey Water Resources Data Reports.  

programs a l s o  c o l l e c t e d  flow d a t a  ( g e n e r a l l y  a t  t h e  t i m e  of t h e  sample 
c o l l e c t i o n )  which w e r e  used where a p p r o p r i a t e .  

Base Years 

All l oad ings  w e r e  c a l c u l a t e d  accord ing  t o  t h e  water yea r  as s t anda rd ized  
by t h e  U .  S .  Geologica l  Survey. I n  an  e f f o r t  t o  make t h i s  r e p o r t  as c u r r e n t  
as p o s s i b l e  and compat ib le  w i t h  o t h e r  PLUARG work, w a t e r  y e a r s  1975 
(October 1, 1974-September 30,  1975) and 1976 (October 1, 1975-September 30, 
1976) w e r e  chosen as t h e  b a s e  pe r iods  f o r  annua l  load  c a l c u l a t i o n s .  For 
many t r i b u t a r i e s  t h e  mean annual  d a i l y  flow dur ing  water yea r  1975 w a s  
s i m i l a r  t o  t h e  mean annual  d a i l y  flow f o r  t h e  h i s t o r i c a l  pe r iod  of r eco rd .  
Although i t  would be  improper t o  c a l l  water yea r  1975 a " t y p i c a l "  y e a r ,  
s i n c e  no yea r  is " t y p i c a l , "  water yea r  1975 does provide  a good b a s e  f o r  
comparison w i t h  o t h e r  yea r s .  

Watershed Areas 

I n  t h i s  r e p o r t  t r i b u t a r i e s  and t h e i r  watersheds  have been organized  
accord ing  to i n d i v i d u a l  t r i b u t a r i e s ,  hydro logic  areas, r iver b a s i n  
groups,  and l a k e  b a s i n s  fo l lowing  t h e  procedure used i n  S u b a c t i v i t y  2-1 
of U .  S .  Task D, PLUARG (Ha l l  et a l . ,  1976). Each of t h e  72 hydro log ic  
areas c o n s i s t s  of a s i n g l e  major watershed o r  a complex of s m a l l  watersheds  
d r a i n i n g  i n d i v i d u a l  t r i b u t a r i e s .  Hydrologic areas are grouped i n t o  1 5  
l a r g e r  r i v e r  b a s i n  groups which c o n t a i n  anywhere from one t o  e i g h t  
hydro logic  areas. Each l a k e  b a s i n  c o n s i s t s  of two o r  more r i v e r  b a s i n  
groups. A d e s c r i p t i o n  of t h e  U. S. t r i b u t a r i e s ,  t h e i r  o r g a n i z a t i o n  and 
m a p s  of t h e i r  d ra inage  b a s i n s  have been p rev ious ly  recorded i n  H a l l  e t  a l ,  
(1976). 

Table 1 shows t h e  watershed areas used i n  t h i s  s tudy .  Watershed area 
measurements w e r e  ob ta ined  p r i m a r i l y  from t h e  Great Lakes Basin Framework 
Study, Appendix 1, A l t e r n a t i v e  Frameworks. Add i t iona l  d ra inage  area 
in fo rma t ion ,  e s p e c i a l l y  f o r  areas con ta in ing  t h e  smaller r i v e r s ,  w a s  
ob ta ined  from a computerized l ist  of watershed areas compiled f o r  t h e  
Conservation Needs Inventory  by t h e  U. S. S o i l  Conservation Se rv ice .  
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Table  1 

DRAINAGE AREA MEASUREKENT (HYIIROLOGlC) 

LAKE SUPERIOR BASIN 

River  Bas in  Group 1.1 
1. Super ior  Slope Complex (Minnesota) 
2. S a i n t  Louis  River  
3 .  Apost le  I s l a n d  Complex 
4 .  Bad River  (Wisconsin) 
5 .  Montreal  River  Complex 

River  Bas in  Group 1 . 2  
1. Porcupine Mountains Complex 
2. Ontonagon River  
3. Keweenaw Pen insu la  Complex (Michigan) 
4 .  Sturgeon River  (Michigan) 
5. Huron Mountain Complex (Michigan) 
6 .  Grand Marais Complex (Michigan) 
7 .  Tahquamenon River  (Michigan) 
8. S a u l t  Complex (Michigan) 

LAKE MICHIGAN BASIN 

River Basin Group 2 . 1  
1. Menominee Complex (Michigan) 
2.  Menominee River  
3 .  Pesh t igo  River  (Wisconsin) 
4 .  Oconto River  (Wisconsin) 
5. Suamico Complex (Wisconsin) 
6. Fox River  (Wisconsin) 
7 .  Green Bay Complex (Wisconsin) 

River  Basin Group 2 . 2  
1. Chicago-Milwaukee Complex 

River  Basin Group 2 . 3  
1. S a i n t  Joseph River  
2 .  Black River  (South Haven) Complex (Michigan) 
3 .  Kalamazoo River  (Michigan) 
4 .  Black River  (Ottawa Co.) Complex (Michigan) 
5. Grand River  (Michigan) 

River  Basin Group 2 . 4  
1. Muskegon River  (Michigan) 
2 .  Sable  Complex (Michigan) 

AREA 
1 , 0 0 0  Hectares  

4 , 4 0 0  

2 , 3 9 1  
595 
944 
514 
258 

80 

2,009 
272 
35 3 
350 
183 
25 2 
3 11 
218 

70 

11,741 

4 ,367 
2 7 3  

1 , 0 6 1  
298 
2 75  
125 

1 , 7 1 0  
6 25 

563 
563 

3 , 3 5 6  
1 , 2 1 1  

9 3  
5 20 

66 
1 , 4 6 6  

3,455 
685 
50 3 

1,000 Acres 
1 0 , 8 7 1  

5 ,907  
1 , 4 7 0  
2 ,334  
1 , 2 6 9  

637 
19 7 

4 ,964  
672 
572 
865  
452 
622 
768 
5 4 0  
1 7 3  

2 9 , 0 1 1  

1 0 , 7 9 1  
674 

2 , 6 2 1  
737 
680 
310 

4 , 2 2 5  
1 , 5 4 4  

1 , 3 9 2  
1 , 3 9 2  

8 ,292  
2 , 9 9 2  

229 
1 , 2 8 5  

1 6 3  
3 , 6 2 3  

8 , 5 3 6  
1 , 6 9 2  
1 , 2 4 2  

'Area measurements a l s o  i n c l u d e  s m a l l  watersheds ,  streams, and land  
areas that drain direct ly  in to  Basin Lakes. Source: Great Lakes 
Basin Framework Study,  Appendix 13, Land Use and Management. Does 
not  inc lude  major in land  water .  
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Table  1 (Continued)  

DRAINAGE AREA MEASUREMENT (HYDROLOGIC) 

3 .  Manistee River (Michigan) 
4 .  Traverse Complex (Michigan) 
5 .  S e u l  Choix-Groscap Complex (Michigan) 
6 .  Manis t ique  R ive r  (Michigan) 
7 .  Bay De Noc Complex (Michigan) 
8. Escanaba River  (Michigan) 

LAKE HURON BASIN 

River Bas in  Group 3 . 1  
1. L e s  Cheneaux Complex (Michigan) 
2. Cheboygan River (Michigan) 
3 .  Presque  Isle Complex (Michigan) 
4 .  Thunder Bay River  (Michigan) 
5. Au Sab le  and Alcona Complex (Michigan) 
6 .  Rif le-Au Gres Complex (Michigan) 

R ive r  Bas in  Group 3.2 
1. Kawkawlin Complex (Michigan) 
2. Saginaw River  (Michigan) 
3 .  Thumb Complex (Michigan) 

LAKE E R I E  BASIN 

River  Bas in  Group 4 . 1  
1. Black R ive r  (Michigan) 
2 .  St. Clair  Complex (Michigan) 
3 .  C l i n t o n  River (Michigan) 
4. Rouge Complex (Michigan) 
5 .  Huron River (Michigan) 
6 .  Swan Creek Complex (Michigan) 
7 .  R a i s i n  River  

River Basin Group 4 . 2  
1. O t t a w a  R ive r  
2.  Maumee River 
3 .  Toussa in t -Por tage  Complex (Ohio) 
4 .  Sandusky River (Ohio) 
5. Huron-Vermilion Complex (Ohio) 

River Bas in  Group 4 . 3  
1. Black-Rocky Complex (Ohio) 
2 .  Cuyahoga River (Ohio) 
3 .  Chagrin Complex (Ohio) 
4 .  Grand River (Ohio) 
5. Ashtabula-Conneaut Complex 

AREA 
1,000 Hectares 

520 
6 8 3  
14 2 
375 
3 10 
23 7 

4,192 

2 ,108 
364 
409 
1 4 5  
327 
5 76 
287 

2 , 0 8 4  
100 

1 , 6 1 7  
36 7 

5 , 5 5 9  

1 , 3 4 7  
1 8 0  
155 
203 
189 
220 

7 4  
326 

2 ,685 
4 4  

1 , 7 1 1  
266 
39 7 
267 

84 3 
230 
234 

77 
212 
90 

1,000 Acres 

1 , 2 8 4  
1 , 6 8 9  

352 
926 
765 
586 

1 0 , 3 5 8  

5 , 2 0 8  
9 0 1  

1,010 
358 
808 

1 , 4 2 2  
709 

5 ,150 
248 

3,995 
907 

13 ,735 

3,328 
446 
383 
5 0 1  
468 
543 
182 
805 

6 ,635 
109 

4 ,229 
656 
9 80 
6 6 1  

2,082 
568 
578 
189 
525 
2 2 2  
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Table 1 (Continued) 
DRAINAGE AREA MEASUREMENT (HYDROLOGIC) 

R ive r  Bas in  Group 4.4 
1. Erie-Chautauqua Complex 
2. Ca t t a raugus  Creek (New York) 
3. Tonawanda Complex (New York) 

LAKE ONTARIO BASIN 

R ive r  Bas in  Group 5.1 
1. Niagara-Orleans Complex (New York) 
2 .  Genesee R i v e r  

R ive r  Basin Group 5.2 
1. Wayne-Cayuga Complex (New York) 
2 .  Oswego Rive r  (New York) 
3.  Salmon Complex (New York) 

R ive r  Basin Group 5 . 3  
1. Black R ive r  (New York) 
2 .  Perch Complex (New York) 
3. Oswagatchie River (New York) 
4 .  Grass-Raquette-St. Regis Complex (New York) 

AREA 
1,008 Hectares 

684 
169 
144 
371 

4,577 

9 11 
269 
642 

1,766 
177  

1,316 
273 

1 ,900  
5 21  
126 
4 30 
823  

1,000 Acres 

1 , 6 9 0  
418 
355 
917 

11 ,309  

2 ,250  
664 

1 ,586  

4 ,363  
437 

3 ,252  
674 

4 ,696  
1 ,289  

311 
1 ,062  
2 ,034  

To Convert From To Mul t ip ly  By 
Hectares (ha) Acres (ac )  2.471 

Tab le  1 
DRAINAGE AREA MEASUREMENT (HYDROLOGIC) 

AREA 
1,000 Hectares - 

AREA 
1,000 Hectares 

STATE SUMMARY 

I l l i n o i s  16 New York 5 ,146  
I n d i a n a  9 44 Oh i o  3,027 
Michigan 15,030 Pennsylvania  156 
Minit es o t a 1 , 5 9 1  Wisconsin 4,558 

GREAT LAKES TOTAL 30,468 

To Convert From To 
Hectares (ha) Acres (ac) 

Mul t ip ly  By 
2.471 
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Cor rec t ing  Loads t o  t h e  River  Mouth 

Not a l l  chemical s t a t i o n s  and flow gaging s t a t i o n s  are l o c a t e d  a t  t h e  
r i v e r  mouth. 
s i t u a t i o n s ,  i t  w a s  necessa ry  t o  a d j u s t  f low and some c o n c e n t r a t i o n s  t o  
account f o r  t h e  area below moni tor ing  s t a t i o n s .  

I n  o r d e r  t o  p r e s e n t  a t o t a l  r i v e r  mouth load  i n  t h e s e  

I n  o r d e r  t o  a d j u s t  f low measurements t o  t h e  r i v e r  mouth, gage flow 
w a s  m u l t i p l i e d  by t h e  r a t i o  of t h e  t o t a l  d ra inage  area over t h e  gaged 
d ra inage  area. 
k i l o m e t e r s ,  bu t  t h e  f a r t h e s t  downstream flow gage is  l o c a t e d  15 r i v e r  
k i lome te r s  upstream from t h e  mouth and accounts  f o r  on ly  900 squa re  k i l o m e t e r s ,  
t he  gaged flow would b e  m u l t i p l i e d  by 1,000/900 o r  1.11 t o  provide  a 
c o r r e c t e d  flow. A l l  f lows used i n  load ing  c a l c u l a t i o n s  i n  t h i s  r e p o r t  
were c o r r e c t e d  i n  t h i s  matter, i f  no t  a l r e a d y  r e p o r t e d  as  account ing  f o r  t h e  
t o t a l  watershed d ra inage  area. 

For example, i f  a r i v e r  d r a i n s  a t o t a l  area of 1,000 s q u a r e  

I n  most c a s e s ,  chemical moni tor ing  s t a t i o n s  w e r e  l o c a t e d  a t  o r  ve ry  
nea r  t h e  r i v e r  mouth. consequent ly ,  no c o n c e n t r a t i o n  ad jus tments  were made, 
and i t  w a s  assumed t h a t  c o n c e n t r a t i o n s  a t  t h e  mouth were t h e  same as those  
measured a t  t h e  moni tor ing  s t a t i o n .  An except ion  t o  t h i s  procedure occurred 
i f  t h e  moni tor ing  s t a t i o n  were above a major impoundment. I n  t h e s e  few 
c a s e s ,  t h e  load w a s  c a l c u l a t e d  a t  t h e  s t a t i o n  above t h e  impoundment, and t h e  
remaining a r z a  w a s  cons idered  t o  be  unmonitored and t r e a t e d  i n  a manner 
s imi la r  t o  t h o s e  streams t h a t  have no chemical o r  f low informat ion  on them 
( a s  w i l l  b e  d i scussed  i n  a l a t e r  s e c t i o n ) .  

Loads determined by t h e  U .  S .  Army Corps of Engineers Lake Erie  
Wastewater Management Study (U.  S.  Army Corps of Engineers ,  1975)  were 
used i n  de te rmining  Lake E r i e  t r i b u t a r y  i n p u t s .  These l o a d s  were n o t  
c o r r e c t e d  f o r  t h e  d i s t a n c e  between t h e  gage and t h e  l a k e .  Consequently,  
f o r  t h i s  s tudy  t h e  Corps r i v e r  l oads  w e r e  e x t r a p o l a t e d  from t h e  gage t o  t h e  
r i v e r  mouth u s i n g  t h e  area r a t i o  approach f o r  flow o u t l i n e d  above. 

Method of Ca lcu la t ing  Loadings 

Loadings c a l c u l a t e d  f o r  t h i s  r e p o r t ,  o t h e r  than  t h o s e  t o  Lake E r i e ,  
w e r e  done u s i n g  t h e  r a t i o  e s t i m a t o r  method, employing a computer program 
developed s p e c i f i c a l l y  f o r  apply ing  t h e  c a l c u l a t i o n  method (Clark,  1976) .  
This  method has been wide ly  reviewed and i s  g e n e r a l l y  accepted  by t h e  Great 
Lakes r e s e a r c h  and s u r v e i l l a n c e  community as t h e  p r e f e r r e d  and ,  impor t an t ly ,  
s t anda rd  method f o r  c a l c u l a t i n g  t r i b u t a r y  loads .  Table  2 i l l u s t r a t e s  a 
sample c a l c u l a t i o n  of load  us ing  t h e  r a t i o  e s t i m a t o r  program. 

The r a t i o  e s t ima to r  method c a l c u l a t e s  an average  d a i l y  load  a t  t h e  
r i v e r  mouth a d j u s t e d  t o  some e x t e n t  f o r  t h e  v a r i a b i l i t y  of flow over an 
annual  cyc le .  For example, moni tor ing  programs t h a t  employ monthly sampling 
may m i s s  h igh  flow even t s .  If a mean d a i l y  flow w e r e  c a l c u l a t e d  based on 
t h e  days sampled, an improper estimate of t h e  t o t a l  annual l oad  would r e s u l t .  
However, i f  t h e  mean d a i l y  load  i s  a d j u s t e d  by m u l t i p l y i n g  i t  by t h e  r a t i o  
of t h e  mean d a i l y  flow f o r  the year over t h e  mean d a i l y  sample flow, some 
of t h e  b i a s  can be removed from t h e  c a l c u l a t e d  load. It i s  a l s o  d e s i r a b l e  
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TABLE 2 

EXAMPLE OF LOAD CALCULATION USING 

THE RATIO ESTIMATOR PROGRAM 

TRIB: FOX BASIN: MICHIGAN 
WATER YEAR: 1975 PARAMETER: TOTAL PHOSPHORUS 

LOADINGS FLOWS CONCENTRATIONS 
kglday m3sec - c f s  mg I l i t e r  

481 
914 

1228 
562 
838 
795 

1692 
154 7 
2955 
1854 

626 
847 

39.8 
105 ,8  
118.4 

50.0 
97.0 

115.0 
178.0 
199.0 
171.0 

58.0 
29.0 
70.0 

1405.5 
3736.3 
4181.3 
1765.7 
3425.5 
4061.2 
6286.0 
7027.6 
6038.8 
2048.2 
1024.1 
2472.0 

0.140 
0.100 
0.120 
0.130 
0.100 
0.080 
0.110 
0.090 
0.200 
0.370 
0.250 
0.140 

MEAN SAMPLE FLOW = 102.58 m3/sec 

MEAN SAMPLE LDG = 1194.9 kg/day 
MEAN ANNUAL FLOW = 118.393 m3/sec o r  4181 c fs  

THE BIASED RATIO ESTIMATE = 1379.1 kg/day 
APPROX. UNBIASED RATIO EST. = 1369.0 kg/day 
CORRECTION FOR BIAS OF EST. = -10.0 kg/day 

RATIO OF MEAN ANNUAL FLOW TO MEAN SAMPLE FLOW I S  1.15 
BASED ON VALUES OF 118.39 and 102.58 m3/sec, RESPECTIVELY 

EST. MEAN DAILY LOADING I S  THEREFORE 1369.0 kg/day 

EST. MEAN EFFOR OF THIS EST. I S  168.5 kg 
EST. LOADING FOR YEAR = 499698 kg ,  o r  499.7 METRIC TONS 
EST. MEAN ERROR FOR THIS TOTAL = 61520 kg o r  61.5 METRIC TONS 
EST. ARE BASED ON 11 DEGREES O F  FREEDOM 
SUM-OF-SQUARES-ERROR = 340906 (kg/d)  *a2 o r  45417 ( t / y e a r )  **2 
ARE THE DATA CORRECT FOR ENTRY TO THE FILE 
1 
FOX MICH 1 499.7 3784.8 1 2  
DATA HAS BEEN ENTERED. 
EXECUTION TERMINATED 

RBG: 1 
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ro  provide  an  e r r o r  s ta tement  a s s o c i a t e d  wi th  t h e  c a l c u l a t i o n s  based on t h e  
v a r i a b i l i t y  of  t h e  d a t a ,  such as  a mean squa re  e r r o r  term. 
e s t i m a t o r  method provides  such an e r r o r  estimate. 

The r a t i o  

The fo l lowing  equa t ions  summarize how t h e  r a t i o  e s t i m a t o r ,  as w e l l  as 
how t h e  mean squa re  e r r o r  term, is  c a l c u l a t e d .  

The r a t i o  estimator, ' : ,  i s  def ined  i n  I n t e r n a t i o n a l  J o i n t  Commission 
(1976) as 

.- 
py = px 

3 
m 
X 

. u 1 X 

[l+; 51 X 

= mean d a i l y  f l o w  f o r  t h e  water y e a r  %c where 

m = mean d a i l y  l o a d i n g  f o r  t h e  days  c o n c e n t r a t i o n s  
were de termined  

m = mean d a i l y  f low f o r  t h e  days  c o n c e n t r a t i o n s  
X were de termined  

n = number of days  c o n c e n t r a t i o n s  were de termined  

xiYi - n m *m 
i=l Y X  

P 

n-1 S 
XY 

n 
2 1 i=l x i 2 - n * m  X 

n- 1 s2  = 
X 

and t h e  X .  and Y .  are t h e  i n d i v i d u a l  measured f l o w  and 

c a l c u l a t e d  l o a d i n g ,  r e s p e c t i v e l y ,  f u r  each day c o n c e n t r a t i o n s  
were de te rmined .  

1 1 
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The mean-square-error  of this estimator may be  e s t i m a t e d  to terms 
of t h e  o r d e r  n - 2 ,  assuming t h e  p o p u l a t i o n  s i z e  is very l a r g e  by, 

s 2  + [ % I 2  + g X +] 
2 Where S is calculated analagously to S . Y X 

For a f u r t h e r  exp lana t ion  G €  t h e  r a t i o  e s t ima to r  used., see llenorninee 
River Pi lo ' l  Watershed Study (197  7 ) .  

I f  t h e  mean annual d a i l y  flow is  no t  known, load ings  are es t ima ted  
us ing  t h e  sample mean of t h e  c a l c u l a t e d  d a i l y  load ings .  Also,  i n  some 
cases t h e  sampling program w a s  designed t o  c o l l e c t  d a t a  du r ing  h igh  flow 
even t s .  For s i t u a t i o n s  such as t h i s ,  t h e  d a t a  w e r e  d iv ided  i n t o  two o r  
t h r e e  flow s t r a t a  and a s e p a r a t e  load  and e r r o r  were c a l c u l a t e d  f o r  each 
s t ra ta .  Table  3 i l l u s t r a t e s  t h e  u s e  of t h e  r a t i o  e s t i m a t o r  program 
us ing  two s t ra ta .  

A l l  l oads  and t h e  m e a n  squa re  e r r o r  terms de r ived  from t h e  r a t i o  
e s t i m a t o r  approach a re  presented  i n  Appendix A. It i s  impor tan t  t o  n o t e  
t h a t  e r r o r  statements genera ted  by t h i s  procedure do n o t  n e c e s s a r i l y  
r e f l e c t  t h e  accuracy of t h e  c a l c u l a t e d  load .  Th i s  p o i n t  w i l l  b e  d i scussed  
i n  d e t a i l  i n  a l a t e r  s e c t i o n .  

I n  o r d e r  t o  avoid d u p l i c a t i n g  work, some loading  estimates were no t  
c a l c u l a t e d  from c o n c e n t r a t i o n  and flow d a t a ,  bu t  w e r e  ob ta ined  d i r e c t l y  
from o t h e r  r e p o r t s .  U. S .  Army Corps of Engineers have developed a flow 
i n t e r v a l  c a l c u l a t i o n  method f o r  use  i n  r h e  Lake E r i e  Wastewater Management 
Study. This  approach is analagous t o  t h e  r a t i o  e s t i m a t o r  method i n  t h a t  
i t  uses  a d d i t i o n a l  f low informat ion  f o r  t h e  yea r  t o  weight t h e  loads .  
a l s o  p rov ides  a n  e r r o r  s ta tement .  In  our r e p o r t  a l l  Lake Erie  mean annual  
l oads  were ob ta ined  d i r e c t l y  from t h e  Lake E r i e  Wastewater Management Study, 
and no a t t empt  w a s  made t o  r e c a l c u l a t e  l oads  us ing  t h e  r a t i o  e s t i m a t o r  
approach. 

It 
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TABLE 3 

EXAMPLE O F  R A T I O  ESTIMATOR R I V E R  MOUTH 

LOAD CALCULATION U S I N G  STRATA 

T R I B :  BAD R I V E R  B A S I N  : S U P E R I O R  
WATER YEAR: 1975 PARAMETER: SUSPENDED S O L I D S  

STRATUM 1 U P P E R  FLOW CUTOFF = 1000.0000 # DAYS: 342 

LOADINGS FLOWS CONCENTRATIONS 
kg/day m3/sec c f s  m g / l i t e r  

2334 9 .0  
1620 9.4 

10036 8 . 3  
13486 12.0 

3190 9.2 
4392 10.2 

31928 14 .8  
24363 21 .7  
4 7209 22.8 
14009 11.6 

8573 8 .3  
114 70 8 . 3  

5926 4.9 
62 75 4.8 
6068 4.4 

11528 4 . 3  
2496 5 .8  
6028 10.0 

14004 18.0 
4587 10.6 

11377 13.2 
17136 1 1 . 7  

7724 12 .8  
24275 12 .8  

4551 3.5 
9214 7.6 
4541 3.3 

MEAN SAMPLE FLOW = 10 

318.0 
331.0 
293.0 
424.0 
326.0 
359.0 
522.0 
766.0 
804.0 
409.0 
292.0 
293.0 
173.0 
171.0 
155.0 
152.0 
204.0 
352.0 
636.0 
375.0 
465.0 
412.0 
451.0 
451.0 
1 2 4 . 0  
269.0 
116.0 

11 m3/sec 

3.000 
2.000 

14.000 
13.000 

4.000 
5.000 

25.000 
13.000 
24.000 
14.000 
12.000 
16.000 
14.000 
15.000 
16.000 
31.000 
5.000 
7.000 
9.000 
5.000 

10.000 
17.000 

7.000 
22.000 
15.000 
14.000 
16.000 

MEAN SAMPLE LDG = 11419.9 kg/day 
MEAN STRATUM FLOW = 15.631 m3/sec o r  552 c f s  

THE B I A S E D  R A T I O  ESTIMATE * 17650.3 kg/day 
APPROX. UNBIASED R A T I O  E S T .  = 17707.8 kg/day 
CORRECTION FOR B I A S  O F  E S T .  = 57.5 kg/day 

R A T I O  O F  MEAN STRATUM FLOW TO MEAN SAMPLE FLOW I S  1.55 
BASED ON VALUES O F  15.63 and 10.11 m3/sec, r e s p e c t i v e l y  

RBG: 1 

E S T .  MEAN STRATUM LOADING I S  THEREFORE 17707.8 kg 
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TABLE 3 CONTINUED.. . 
EST. MEAN ERROR OF THIS EST. I S  1368.2 kg 
EST. ARE BASED ON 26 DEGREES OF FREEDOM. 
SUM-OF-SQUARES-ERROR = 50544992.(kg/d)**2 o r  673385l.(t /year)**2 

TRIB: BAD RIVER 
WATER YEAR: 1975 

STRATUM 2 #DAYS: 

LOADINGS 
kg/day 

199308 
5399084 
8 345 39 7 

182466 
740314 
140140 

6597989 
2756731 

10959018 
1 2 7 1 4 4  

BASIN: SUPERIOR 
PARAMETER: SUSPENDED SOLIDS 

23 

FLOWS 
m3/sec c fs 

67.8 
173 .1  
173.1 

48.0 
66.9 

101.4 
178.4 
185.5 
332.0 
46.0 

2396.0 
6113.0 
6113.0 
1695.0 
2364.0 
3580.0 
6301.0 
6551.0 

11726.0 
1624.0 

CONCENTRATIONS 
mg/ li t e r 

34.000 
361.000 
558.000 

44.000 
128.000 

16.000 
428.000 
172.000 
382.000 

32.000 

RBG: 1 

MEAN SAMPLE FLOW = 137.23 m3/sec 

MEAN SAMPLE LDG = 3544755.0 kg/day 
MEAN STRATUM FLOW = 156.366 m3/sec o r  5522 c f s  

THE BIASED RATIO ESTIMATE = 4038986.0 kg/day 
APPROX. UNBIASED RATIO EST. = 4134327.0 kgfday 
CORRECTION FOR BIAS OF EST. = 95341.0 kg/day 

U T I 0  OF MEAN STRATUM FLOW TO MEAN SAMPLE FLOW I S  1.14 
BASED ON VALUES OF 156.37 and 137.23 m3/sec, RESPECTIVELY 

EST. MEAN STRATUM LOADING I S  THEREFORE 4134327.0 kg 

EST MEAN ERROR O F  THIS EST I S  698087.4 kg 
EST. ARE BASED ON 9 DEGREES OF FREEDOM. 
SUM-OF-SQUARES-ERROR = 4873259057152 (kg/d)**2 o r  649239461888, ( t /year )**2  

SUMMARY FOR THE BAD RIVER 
OVER 2 STRATA: 

EST. MEAN DAILY LOADING I S  THEREFORE 2 7 7 1 1 1 . 1  kg/day 

EST. MEAN ERROR OF THIS EST. I S  44007.7 kg 
EST. LOADING FOR YEAR = 101145552 kg, o r  101145.5 METRIC TONS 
EST. MEAN ERROR FOR THIS TOTAL = 16062825 kg, o r  16062.8 METRIC TONS 

EST ARE BASED ON 9.02 EFFECTIVE DEGREES OF F 
ARE THE DATA CCRRECT FOR ENTRY TO THE F I L E ? ?  

BAD RIVER SUPE 1 101145.5 258014192.0 10 
DATA HAS BEEN ENTERED. 
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The Upper Lakes Reference Group (ULRG) a l s o  c a l c u l a t e d  mean d a i l y  
river loads  (Upper Lakes Reference Group, 1976) f o r  Lake Super ior  and 
Huron t r i b u t a r i e s .  The i r  sampling program w a s  monthly w i t h  extra samples 
taken  i n  t h e  s p r i n g .  To c a l c u l a t e  a mean d a i l y  load ,  a load  f o r  each day 
t h a t  samples w e r e  taken w a s  genera ted  and then  averaged. Th i s  procedure 
is shown mathemat ica l ly  below: 

n 
C Q i X C i  

L = mean d a i l y  r i v e r  l oad  

Q i  = r i v e r  flow f o r  any given day i 

C i  = concen t r a t ion  f o r  day i 

n = t o t a l  number of days sampled 

A t  f i r s t  i t  w a s  thought t h a t  t h e s e  loads  could be  used d i r e c t l y  i n  t h i s  
r e p o r t .  However, a s i g n i f i c a n t  d i f f i c u l t y  w a s  observed wi th  t h i s  
c a l c u l a t i o n  technique  i n  t h a t  i t  i s  s t r o n g l y  b i a sed  toward t h e  sp r ing t ime  
(and g e n e r a l l y  h igh  flow even t s )  sampling. For example, if 16 samples 
were taken over  t h e  y e a r ,  one i n  each month except  f o r  t h e  month of A p r i l  
where f i v e  samples were t aken ,  t h e  mean d a i l y  load  c a l c u l a t e d  from t h e s e  
d a t a  would be  b i a sed  toward t h e  A p r i l  samples. I f  t h e  A p r i l  d a t a  were 
obta ined  du r ing  h igh  flows (and h ighe r  c o n c e n t r a t i o n s  f o r  some pa rame te r s ) ,  
t h e  annual  load  f o r  some parameters could have been over-estimated. 
Because of  t h i s  problem, mean annual  l oads  r epor t ed  by ULRG were n o t  used 
i n  t h i s  r e p o r t  except  where no mean annua l  d a i l y  flow d a t a  were a v a i l a b l e  
f o r  r e c a l c u l a t i o n  of t h e  loads  us ing  t h e  r a t i o  e s t i m a t o r  method. I n  many 
cases  s i g n i f i c a n t  d i f f e r e n c e s  were observed between t h e  mean annual  load  
c a l c u l a t e d  by t h e  r a t i o  e s t i m a t o r  method and t h e  ULRG method, d e s p i t e  t h e  
f a c t  t h e  same d a t a  were used. 

I n  c a l c u l a t i n g  river mouth l o a d s ,  a n  unders tanding  of t h e  i n f l u e n c e  
of h igh  f low even t s  is c r u c i a l .  For example, f o r  t r i b u t a r i e s  d r a i n i n g  
i n t o  p a r t s  of Lake E r i e  i t  i s  c l e a r  t h a t  h igh  flow even t s  have a major 
i m p a c t  on t h e  t o t a l  load  of sediment and c e r t a i n  chemical subs tances .  
However, t h e  r e l a t i o n s h i p  between-flow and concen t r a t ion  v a r i e s  widely 
over  t h e  U.  S .  Great Lakes Basin.  The importance of h igh  flow even t s  w i l l  
be d i scussed  i n  a l a t e r  s e c t i o n ,  bu t  i t  should b e  noted  h e r e  t h a t  a l l  
d a t a ,  i nc lud ing  high flow even t  d a t a  t h a t  w e r e  a v a i l a b l e ,  w e r e  used i n  
c a l c u l a t i n g  r i v e r  mouth loads .  
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POINT SOURCE LOADS 

I n  o r d e r  t o  de te rmine  t h e  r e l a t i v e  importance of non-point o r  d i f f u s e  
sou rces  t o  t h e  t o t a l  r iver  mouth l o a d ,  munic ipa l  and i n d u s t r i a l  d i scha rges  
which p o t e n t i a l l y  c o n t r i b u t e  t o  r i v e r  mouth load ings  have been determined. 
The d i f f e r e n c e  between t o t a l  load  and p o i n t  s o u r c e  i n p u t s  d e l i v e r e d  t o  t h e  
r i v e r  mouth p rov ides  a n  e s t i m a t e  of non-point o r  d i f f u s e  load  t o  t h e  Great 
Lakes from a t r i b u t a r y .  

Data Sources 

P o i n t  sou rce  d i s c h a r g e r s  w i t h i n  t h e  U. S.  Great Lakes Bas in  were 
i d e n t i f i e d  from a number of d i f f e r e n t  sources .  Summaries o r  computerized 
f i l e s  of p o i n t  sou rce  informat ion  were consul ted  whenever p o s s i b l e .  
b r i e f  d e s c r i p t i o n  of  t h e  major sou rces  of i n fo rma t ion  used i s  d i scussed  
below: 

A 

Na t iona l  P o l l u t i o n  Discharge E l imina t ion  System 

(NPDES) - This  system w a s  t h e  b a s i s  f o r  much of  t h e  informat ion  used 
i n  t h i s  r e p o r t .  The U. S .  Environmental P r o t e c t i o n  Agency (EPA) 

ma in ta ins  t h i s  f i l e .  Region V of U. S. EPA supp l i ed  most of 
t h e  in fo rma t ion  which w a s  i n  t u r n  c o l l e c t e d  and supp l i ed  t o  EPA 
from t h e  Great Lakes States. 

I n t e r n a t i o n a l  J o i n t  Commission 

The 1975 and 1976 Water Qua l i ty  Board r e p o r t s  provided informat ion  
on phosphorus d i s c h a r g e s  f o r  munic ipa l  p l a n t s  w i t h  d i scha rges  
g r e a t e r  than  one m i l l i o n  g a l l o n s  pe r  day. Appendices B and C 
of t h e  Water Qua l i ty  Board r e p o r t s  ( t h e  S u r v e i l l a n c e  Subcommittee 
and t h e  Remedial Programs Subcommittee Reports) a l s o  provided 
in fo rma t ion ,  p a r t i c u l a r l y  wi th  r ega rd  t o  munic ipa l  and i n d u s t r i a l  
d i s c h a r g e s  i n  de f ined  problem areas. I n d u s t r i a l  p o i n t  sou rce  
informat ion  compiled f o r  t h e  Upper Lakes Reference Group, which 
w a s  f o r  t h e  most p a r t  de r ived  from NPDES permi t  i n fo rma t ion ,  
formed t h e  b a s i s  of i n d u s t r i a l  p o i n t  sou rce  in fo rma t ion  f o r  
Lakes Huron and Supe r io r .  Other in format ion  compiled by t h e  
IJC Great Lakes Regional O f f i c e ,  such as a computerized l i s t  of 
municipal f a c i l i t i e s  w i th  des ign  flow and type  of t r e a t m e n t ,  
w a s  a l s o  used t o  supplement t h i s  in format ion .  

New York 

The New York Department of Environmental Conservation supp l i ed  
most of t h e  New York S ta te  p o i n t  s o u r c e  informat ion  through a 
computer p r i n t o u t  from t h e  S ta te ' s  P o l l u t i o n  Discharge 
E l imina t ion  System. The Department of Environmental Conserva t ion ' s  
"Water Qua l i ty  Management P lan  f o r  t h e  S t .  Lawrence Basin" (1975) 
and " S t .  Lawrence River Basin P l a n  f o r  P o l l u t i o n  Abatement" (1971) 
a l s o  were used, p a r t i c u l a r l y  f o r  p o i n t  sou rces  a f f e c t i n g  the 
i n t e r n a t i o n a l  s e c t i o n  of t h e  S t .  Lawrence. 
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W i s  cons i n  

The Wisconsin Department of Na tu ra l  Resources '  "Water Q u a l i t y  
Management Basin P lan  f o r  t h e  Rivers  of t h e  Northwest Shore of 
Lake Michigan" (1975) provided l o c a t i o n  of most p o i n t  sources  
i n  t h e  area as  w e l l  as l i m i t e d  d i scha rge  informat ion  f o r  municipal  
p l a n t s .  "Southeast  Wisconsin River  Basins  - A Drainage Basin 
Report" (Southeast  Wisconsin Regional Planning Commission, 1976) 
provided p o i n t  source  informat ion  on t h e  southern  p a r t  of t h e  
s ta te .  The "Manitowoc River  Basin Report" (Wisconsin Department 
of Na tu ra l  Resources,  1977) w a s  used t o  o b t a i n  informat ion  on t h e  
Manitowoc River  Basin.  The Southeas t  Wisconsin Regional Basin 
Commission k indly  provided pre l iminary  informat ion  on municipal  
and i n d u s t r i a l  p o i n t  sou rces  i d e n t i f i e d  i n  t h e i r  area. 
wh i l e  some NPDES summaries of Wisconsin were used, complete 
and e x t e n s i v e  computerized NPDES l ist  of p o i n t  sou rce  d i scha rge r s  
provided by t h e  s ta te  w a s  r ece ived  too  l a te  t o  b e  reviewed i n  
d e t a i l  f o r  t h i s  r e p o r t .  However, p re l iminary  examination 
i n d i c a t e d  t h a t  most of t h e  p o i n t  sources  were accounted f o r  
through o t h e r  sources  of  in format ion .  

F i n a l l y ,  

Michigan 

A l i s t i n g  of i n d u s t r i a l  and municipal  p o i n t  source  d i scha rges  
w a s  ob ta ined  from t h e  Michigan Department of Na tu ra l  Resources.  
Ava i l ab le  DNR f i l e s  i n  Lansing were a l s o  surveyed t o  o b t a i n  
a d d i t i o n a l  d e t a i l s  on po in t  source  i n p u t s .  Information on p o i n t  
sources  w a s  a l s o  p a r t i a l l y  der ived  from t h e  E a s t  C e n t r a l  Michigan 
Planning and Development Region (Chester  Engineers ,  1977) .  

Lake E r i e  Wastewater Management Study 

The Lake E r i e  Wastewater Management Study (U. S.  Army Corps of 
Engineers ,  1975) provided a l a r g e  amount of in format ion  on p o i n t  
source  d i scha rges  t o  Lake E r i e .  Information a v a i l a b l e  included 
a d e t a i l e d  l i s t i n g  of non- indus t r i a l  p o i n t  source  loads .  No 
d a t a  w e r e  a v a i l a b l e  on i n d u s t r i a l  i n p u t s  t o  t h e  Lake E r i e  Basin 
except  f o r  in format ion  provided by t h e  New York Department of 
Environmental  Conservat ion.  

U. S. EPA S p e c i a l  Reports  

S p e c i a l  r e p o r t s ,  p a r t i c u l a r l y  t h e  Water P o l l u t i o n  I n v e s t i g a t i o n  
S e r i e s  (Sargent ,  1975; P a t t e r s o n  e t  a l . ,  1975) were used t o  
ga in  supplement a1 p o i n t  source  information.  
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I n  compiling p o i n t  sou rce  in fo rma t ion ,  NPDES r e c o r d s  and I J C  in format ion  
( supp l i ed  b a s i c a l l y  by t h e  s t a t e s )  were t h e  primary in fo rma t ion  sources  
used. Other i n fo rma t ion  w a s  used t o  supplement t h i s  d a t a .  I n  some c a s e s ,  
a combination of  in format ion  sources  w a s  used t o  o b t a i n  t h e  r e q u i r e d  
in fo rma t ion  ( f o r  example, t h e  r e c e i v i n g  w a t e r  of t h e  d i s c h a r g e r  may have 
been ob ta ined  from one source  and t h e  load  of c e r t a i n  parameters from 
a n o t h e r ) .  

Loca t ion  of Po in t  Sources 

A g r e a t  d e a l  of  e f f o r t  w a s  expended i n  l o c a t i n g  where a p o i n t  sou rce  
e n t e r s  a t r i b u t a r y  t o  t h e  Great Lakes. 
and b i o l o g i c a l  f a c t o r s  may a f f e c t  t h e  d e l i v e r y  of p o i n t  sou rce  d i scha rges  
t o  t h e  r i v e r  mouth of a t r i b u t a r y .  Consequently, a l l  p o i n t  sou rce  i n p u t s  
t o  a Great Lakes t r i b u t a r y  w e r e  c l a s s i f i e d  as an llupstreamll o r  "downstream" 
source .  
chosen as approximately 50 r i v e r  k i lome te r s  upstream from t h e  r i v e r  mouth 
o r  a t  t h e  o u t l e t  of a n  impoundment o r  l a k e - l i k e  widening of t h e  r i v e r  
where such occurs  w i t h i n  50 river k i lome te r s  of t h e  mouth. Grouping d a t a  
i n t o  t h e s e  upstream and downstream c a t e g o r i e s  permi ts  c a l c u l a t i o n s  of 
d i f f e r e n t  p o i n t  sou rce  d e l i v e r i e s  t o  t h e  r iver mouth when d i f f e r e n t  
d e l i v e r y  o r  t r ansmiss ion  r a t i o s  are known o r  assumed. 

Obviously, many physio-chemical 

The cu t -of f  between upstream and downstream w a s  a r b i t r a r i l y  

Base Years 

A s  d i scussed  p r e v i o u s l y ,  water y e a r s  1975 and 1976 w e r e  chosen as 
base  y e a r s  f o r  loading  c a l c u l a t i o n s .  Consequently, p o i n t  sou rce  annual  
l oads  f o r  t h e s e  p e r i o d s  w e r e  a l s o  sought.  

I n  many i n s t a n c e s ,  p o i n t  sou rce  d i scha rges  were no t  a v a i l a b l e  f o r  a l l  
parameters  f o r  bo th  base  yea r s .  When an annual  load  w a s  a v a i l a b l e  f o r  on ly  
one y e a r ,  t h a t  load  w a s  assumed t o  apply  t o  t h e  o t h e r  yea r .  I f  d a t a  were 
n o t  a v a i l a b l e  f o r  e i t h e r  yea r  i n  q u e s t i o n ,  bu t  were p resen ted  f o r  another  
yea r  p rev ious  t o  1975, t hen  t h e  most r e c e n t  d a t a  were used t o  c a l c u l a t e  
an annual  p o l l u t a n t  d i scha rge ,  on t h e  assumption t h a t  t h e s e  d a t a  are 
t y p i c a l  of t h e  two base  y e a r s .  I f  known upgrading of t h e  p o i n t  sou rce  
w a s t e w a t e r  t r ea tmen t  f a c i l i t y  had occurred  between t h e  yea r  of a v a i l a b l e  
d a t a  and t h e  base  y e a r ,  such as o f t e n  occurred  i n  t h e  case of phosphorus 
removal a t  munic ipa l  t r ea tmen t  p l a n t s ,  non-base yea r  d a t a  w e r e  n o t  used 
and a load  e s t ima ted  as desc r ibed  below. 

Some p o i n t  sou rce  annual  l oads  are r e p o r t e d  accord ing  t o  t h e  ca l enda r  
year  i n s t e a d  of t h e  w a t e r  yea r .  However, s i n c e  annual  l oads  are o f t e n  
determined from a few samples p e r  yea r  (or  even l e s s ) ,  no a t t empt  w a s  made 
t o  a d j u s t  annual  p o i n t  sou rce  i n p u t s  t o  t h e  water year .  Any annual  
d i scha rges  r e p o r t e d  o r  c a l c u l a t e d  f o r  t h e  ca lendar  year  w e r e  assumed t o  
apply t o  t h e  w a t e r  yea r  ( i f  l oads  f o r  t h e  w a t e r  year  w e r e  n o t  a v a i l a b l e ) .  
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Est imat ion  of P o i n t  Source Loads 

Po in t  source  loads  were es t imated  f o r  bo th  munic ipa l  and i n d u s t r i a l  
d i scha rge r s .  
l oads  were determined somewhat d i f f e r e n t l y  than  i n d u s t r i a l  loads .  

Because of t h e  d i f f e r e n c e s  i n  a v a i l a b l e  d a t a ,  munic ipa l  

Municipal Po in t  Sources.  For each munic ipa l  d i scha rge r  i d e n t i f i e d  
(over  800) ,  in format ion  w a s  c o l l e c t e d  on t h e  name of t h e  d i s c h a r g e r ,  t h e  
r e c e i v i n g  t r i b u t a r y ,  t he  water yea r  i n  which t h e  d a t a  were c o l l e c t e d ,  t h e  
d a t a  sou rce ,  t h e  load  f o r  t h a t  yea r  f o r  a v a i l a b l e  parameters  of i n t e r e s t ,  
whether t h e  sou rce  w a s  d i scharged  i n t o  an upstream or  downstream segment, 
t h e  e f f l u e n t  f low pe r  day,  and t h e  p l a n t ' s  l o c a t i o n  i n  r e l a t i o n  t o  t h e  
r i v e r  mouth water q u a l i t y  sampling s t a t i o n .  I n  terms of loading  informat ion ,  
d a t a  
load  
w e r e  

f o r  
from 

on phosphorus and suspended s o l i d s  were most o f t e n  found. Actual  
ng f i g u r e s  f o r  t h e  o t h e r  f i v e  parameters  considered i n  t h i s  s tudy  
o f t e n  no t  r e a d i l y  a v a i l a b l e  from t h e  va r ious  d a t a  sources .  

I n  c a s e s  where phosphorus and suspended s o l i d s  d a t a  w e r e  no t  a v a i l a b l e  
oading c a l c u l a t i o n  work, an average  phosphorus concen t r a t ion  obta ined  
an a n a l y s i s  of t hose  municipal  p l a n t s  w i t h  e x i s t i n g  loading  informat ion  

w a s  m u l t i p l i e d  by t h e  known f low t o  o b t a i n  a load.  Actual  f low d a t a ,  o r  i n  
some cases des ign  f low,  w a s  found f o r  a l l  municipal  d i scha rge r s  i d e n t i f i e d  
as a c o n t r i b u t o r .  I n  a few of t h e  more obscure p l a n t s ,  where only  a load 
w a s  found, t h e  flow w a s  back-calculated us ing  average concen t r a t ions  as 
desc r ibed  below. 

I n  determining an  "average" phosphorus and suspended s o l i d s  concen t r a t ion ,  
known munic ipa l  concen t r a t ion  d a t a  w e r e  grouped accord ing  t o  t r ea tmen t  t ype  
as shown i n  Table  4 .  The combined average of primary and secondary 
t rea tment  p l a n t s  and t h e  average  of t e r t i a r y  p l a n t s  given i n  Table  4 
w e r e  used i n  e s t i m a t i n g  loads  f o r  primary and secondary p l a n t s  and f o r  
t e r t i a r y  p l a n t s ,  r e s p e c t i v e l y ,  f o r  which concen t r a t ion  informat ion  w a s  
no t  a v a i l a b l e .  

I n  ga the r ing  informat ion  f o r  Table  4 ,  i t  w a s  no t i ced  t h a t  s e v e r a l  
p l a n t s  t h a t  were l i s t e d  as having t e r t i a r y  t rea tment  (phosphorus removal) 
had r e l a t i v e l y  h igh  phosphorus concen t r a t ions  i n  t h e i r  e f f l u e n t s .  While 
t h e s e  concen t r a t ions  o r  t h e  a c t u a l  t rea tment  were s u s p e c t ,  they were s t i l l  
used f o r  c a l c u l a t i n g  an average concen t r a t ion .  Consequently,  t h e  average 
e f f l u e n t  phosphorus concen t r a t ion  from t e r t i a r y  p l a n t s  ( 1 . 3  mg/l  P) 
could be  s l i g h t l y  high.  

Table  4 a l s o  shows t h e  average phosphorus concen t r a t ion  f o r  t hose  
p l a n t s  t h a t  have a f low of  between 0 .1  mgd and l m g d .  
concen t r a t ion  ob ta ined  f o r  t h e s e  s m a l l  p l a n t s  compares very c l o s e l y  wi th  
t h e  average concen t r a t ion  c a l c u l a t e d  f o r  primary t rea tment  p l a n t s .  This  
i n d i c a t e s  t h a t  w h i l e  t h e  small p l a n t s  may be i n s i g n i f i c a n t  as f a r  as t o t a l  
flow is concerned because of t h e i r  h ighe r  concen t r a t ion ,  they may indeed 
provide  a s i g n i f i c a n t  phosphorus load .  

The average  
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TABLE 4 

MEAN EFFLUENT CONCENTRATIONS FOR GREAT LAKES 
MUNICIPAL TREATMENT PLANTS 

( P l a n t s  g e n e r a l l y  1 mgd o r  g r e a t e r  except as noted)  

Type of Treatment 

Primary 
Secondary 
Primary + 
T e r t i a r y  

Small P l a n t s  

Secondary 

(P removal) 1 

Primary 
Secondary 
Primary + 
T e r t i a r y  
A l l  P l a n t s  

Secondary 

(Primary + 
Seconary + 
T e r t i a r y  ) 

Parameter 

Phosphorus ( a s  P) 
I1  

1 1  

II 

I 1  

Suspended S o l i d s  
11  

II 

11 

1 1  

mgla. 

5 . 5  
3 . 9  

4 . 1  

1 . 3  
5 . 2  

5 9 . 3  
31 .6  

36 .8  
2 4 . 8  

29.2 

Number of 
P l a n t s  Standard Deviatiofl  

9 
57 

1.8 
2 .2  

66 2 .2  

94  
1 2  

7 
3 0  

37 
63 

0 . 7  
3 . 4  

2 6 . 9  
20.7 

24 .2  
1 6 . 7  

100 2 0 . 5  

1 2  p l a n t s  cons idered  w i t h  flow between 0 .1  and 1.0 mgd. Data from Lake 
Erie Wastewater Management Study (Pre l iminary  F e a s i b i l i t y  Repor t ,  
Volume 11, Appendix A, 1 9 7 5 )  

1 

Only very  l i m i t e d  informat ion  w a s  a v a i l a b l e  on t h e  parameters  of 
i n t e r e s t  o t h e r  than  phosphorus and suspended s o l i d s .  To estimate p o i n t  
sou rce  load ings  f o r  t h e s e  o t h e r  parameters ,  average  e f f l u e n t  concen t r a t ions  
determined by t h e  U. S. Army Corps of Engineers Lake E r i e  Wastewater 
Management Study, as shown i n  Table 5 , ,  were used as r e p r e s e n t a t i v e  
c o n c e n t r a t i o n s  f o r  a l l  Great Lakes munic ipa l  p o i n t  sou rces .  Note t h a t  
s o l u b l e  o r t h o  phosphorus concen t r a t ions  were es t imated  t o  be  f i f t y  p e r c e n t  
of t h e  t o t a l  phosphorus c o n c e n t r a t i o n  r e p o r t e d  o r  de r ived  from Table  4 .  
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TABLE 5 
1 

MUNICIPAL PLANT EFFLUENT CONCENTRATIONS 

So lub le  Ortho Phosphorus ( a s  P) 0.5 x T o t a l  Phosphorus Concent ra t ion  

Nitrate ( N i t r i t e )  Ni t rogen  6 . 6  mg/L 

Ammonia Ni t rogen  7.9 m g l l  

Organic Ni t rogen  2 . 3 3  mg/.t 

Chlor ide  160 mg/ l  

Provided by U. S .  Amy Corps of Engineers Lake E r i e  Wastewater 
Management Study (1975) 

Only those  munic ipa l  p l a n t s  t h a t  had a continuous d i scha rge  were 
cons idered  as a p o l l u t a n t  p o i n t  sou rce .  F u r t h e r ,  f a c i l i t i e s  w i t h  a 
d i s c h a r g e  less than  0 .1  mgd w e r e  n o t  cons idered .  Any p l a n t s  t h a t  
d i scharged  t o  a lagoon o r  t h a t  d i scharged  ve ry  i n f r e q u e n t l y  were n o t  
cons idered  when c a l c u l a t i n g  t o t a l  p o i n t  sou rce  loads .  I t  w a s  f e l t  t h a t  
t h e r e  w a s  no a c c u r a t e  way t o  assess t h e  annual  p o l l u t a n t  impact of a 
lagoon, which may d i scha rge  only  one o r  two t i m e s  a yea r .  Lagoon t r ea tmen t  
systems w e r e  i d e n t i f i e d  and l o c a t e d ,  however, so informat ion  is a v a i l a b l e  
on lagoons f o r  f u r t h e r  a n a l y s i s  beyond t h i s  r e p o r t .  

I n d u s t r i a l  P o i n t  Sources. Of t h e  700 i n d u s t r i a l  p o i n t  sou rces  
i d e n t i f i e d  as p o s s i b l e  c o n t r i b u t o r s  of t h e  p o l l u t a n t s  under c o n s i d e r a t i o n ,  
loads  were determined f o r  about 200 d i s c h a r g e r s .  
thought t o  r e p r e s e n t  most of  t h e  major i n d u s t r i a l  p o i n t  sou rces  c o n t r i b u t i n g  
t o  U .  S .  streams d r a i n i n g  i n t o  t h e  Great Lakes. I n d u s t r i e s  i d e n t i f i e d  
but  f o r  which no loads  were es t ima ted ,  had no o r  i n s u f f i c i e n t  d a t a  
a v a i l a b l e  on t h e  p o l l u t a n t s  of concern t o  p e r m i t  e s t i m a t i n g  an annual  
load .  A s p e c i a l  e f f o r t  w a s  made, however, t o  i n c l u d e  a l l  d i s c h a r g e r s  
t h a t  might be  s i g n i f i c a n t ,  p a r t i c u l a r l y  i n  terms of d i s c h a r g e r s  of 
phosphorus and suspended s o l i d s .  For i n d u s t r i a l  d i s c h a r g e r s  i t  w a s  n o t  
p o s s i b l e  t o  estimate t h e  output  of a l l  seven p o l l u t a n t s  cons ide red ,  bu t  
i f  annual  o u t p u t s  of some parameters  w e r e  a v a i l a b l e  o r  computable, t hey  
w e r e  used. 

These d i s c h a r g e r s  were 
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I n  a few cases s p e c i a l  assumptions w e r e  made w i t h  r ega rd  t o  p o i n t  
sou rces  t h a t  a re  worth mentioning. P o i n t  sou rce  c o n t r i b u t i o n s  t o  t h e  
Ind iana  Harbor Canal and Burns Di t ch ,  a l though l o c a t e d  i n  a major urban 
area on the  sou th  s h o r e  of Lake Michigan, were n o t  cons idered  as p a r t  of 
t h e  t r i b u t a r y  load .  Due t o  t h e  unusual  hydrology involved ,  t h e s e  waters 
were cons idered  d i r e c t  d i s c h a r g e r s  ( d i r e c t  d i s c h a r g e r s  w i l l  b e  compiled 
i n  S u b a c t i v i t y  3-4 of U. S .  Task D). I n  t h e  Lake Ontar io  watershed ,  t h e  
New York Barge Canal i n t e r s e c t s  ( through a l o c k  system) w i t h  t h e  Genesee 
and Oswego Rivers .  
e i t h e r  t o  t h e  Genesee o r  Oswego River .  Po in t  sou rces  e n t e r i n g  t h e  
Barge Canal east  of t h e  Genesee w e r e  a s s igned  t o  t h e  Oswego. 
t h e  p o i n t  sou rces  w e r e  cons idered  t o  c o n t r i b u t e  t o  t h e  Genesee system. 
Also, s i n c e  Tonawanda Creek ( l o c a t e d  i n  t h e  wes tern  p a r t  of t h e  Lake 
Ontar io  b a s i n )  flows i n t o  t h e  Niagara River  ( u l t i m a t e l y )  about f i f t y  
pe rcen t  of t h e  y e a r  and i n t o  t h e  Barge Canal t h e  rest of t h e  y e a r ,  h a l f  
o f  t h e  annual  p o i n t  sou rce  load  w a s  ass igned  t o  Tonawanda Creek and h a l f  
t o  t h e  Genesee River .  

Po in t  s o u r c e  i n p u t s  t o  t h e  c a n a l  were thus  a s s igned  

Otherwise,  

Any p o i n t  sou rce  t h a t  w a s  found below t h e  r i v e r  mouth water q u a l i t y  
s t a t i o n  w a s  cons idered  t o  b e  a d i r e c t  d i s c h a r g e  t o  t h e  l a k e  and w a s  n o t  
inc luded  i n  t h e  t o t a l  r i v e r  mouth load .  These d i r e c t  s o u r c e s ,  a long  wi th  
o t h e r  p o i n t  sou rces  d i scha rg ing  d i r e c t l y  t o  a l a k e  r a t h e r  than  t o  a 
t r i b u t a r y ,  were n o t  inc luded  i n  t h e  r i v e r  mouth o r  d i f f u s e  load ing  
c a l c u l a t i o n s  as they  do no t  i n f l u e n c e  t r i b u t a r y  water q u a l i t y  w i t h i n  t h e  
monitored areas. 

DIFFUSE LOADS 

For t h e  purposes of t h i s  r e p o r t ,  d i f f u s e  l o a d s  were cons idered  t o  be  
t h a t  p o r t i o n  of t h e  t o t a l  t r i b u t a r y  load  no t  a t t r i b u t a b l e  t o  a p o i n t  source .  
Examples of  d i f f u s e  p o l l u t a n t  sou rces  are  a g r i c u l t u r a l  r u n o f f ,  highway 
d e i c i n g  a c t i v i t i e s ,  s h e e t  and g u l l y  e r o s i o n  and streambank e ros ion .  
Another s o u r c e  inc luded  i n  t h e  d i f f u s e  ca tegory  is  base  flow o r  groundwater 
i npu t  t o  streams, which f o r  some t r i b u t a r i e s  and parameters ,  c o n t r i b u t e s  
a l a r g e  f r a c t i o n  of  t h e  t o t a l  d i f f u s e  load. 

Two methods of c a l c u l a t i n g  d i f f u s e  loads  w e r e  u t i l i z e d .  One method 
w a s  a p p l i c a b l e  t o  r i v e r  b a s i n s  f o r  which r i v e r  mouth moni tor ing  d a t a  
( i .  e . ,  f i e l d  d a t a )  were a v a i l a b l e .  The second, more i n d i r e c t  method, 
w a s  used t o  estimate d i f f u s e  loads  from areas where no r i v e r  mouth 
moni tor ing  d a t a  w e r e  found. The fo l lowing  s e c t i o n  e x p l a i n s  t h e s e  two methods. 

Monitored Areas 

D i f f u s e  loads  from monitored areas w e r e  c a l c u l a t e d  by s u b t r a c t i n g  
p o i n t  sou rce  i n p u t s  from t h e  t o t a l  r i v e r  mouth loads .  However, s i n c e  a l l  
p o i n t  sou rces  d ischarged  may n o t  a c t u a l l y  reach  t h e  Great Lakes, s u b t r a c t i n g  
a l l  p o i n t  sou rce  i n p u t s  from t h e  t o t a l  t r i b u t a r y  l o a d ,  r e g a r d l e s s  of 
where they  en te red  t h e  t r i b u t a r y  system ( f a r  upstream o r  nea r  t h e  mouth), 
may r e s u l t  i n  an underes t imat ion  of t h e  d i f f u s e  o r  non-point s o u r c e  load .  
S ince  t h e  a c t u a l  r a t i o  of p o i n t  sou rce  i n p u t s  c o n t r i b u t e d  t o  a t r i b u t a r y  
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t o  t h a t  d e l i v e r e d  t o  t h e  r i v e r  mouth is unknown, t h e  p o i n t  sou rce  d a t a  
were aggrega ted  i n  such  a way t h a t  permi ts  va ry ing  assumptions on p o i n t  
sou rce  t r ansmiss ion .  

For t h e  purposes of t h i s  r e p o r t ,  two t r ansmiss ion  assumptions were 
made and used t o  c a l c u l a t e  p o i n t  sou rce  loads  d e l i v e r e d  t o  t h e  r i v e r  mouth. 
The f i r s t  assumption w a s  simply t h a t  a l l  r e l e v a n t  p o i n t  sou rce  p o l l u t a n t s  
d i scharged  i n t o  watershed reached t h e  r i v e r  mouth. The second assumption 
w a s  t h a t  on ly  f i f t y  pe rcen t  of t h e  upstream sources  bu t  a l l  of t h e  
downstream sources  reached t h e  r i v e r  mouth ( t h e  d e f i n i t i o n  of upstream and 
downstream sources  w a s  p re sen ted  e a r l i e r ) .  Comparison of t h e  d i f f u s e  
loads  c a l c u l a t e d  w i t h  t h e s e  two s c e n a r i o s  provide  i n s i g h t  i n t o  how 
p o i n t  sou rce  t r ansmiss ion  may a f f e c t  t h e  d i s t r i b u t i o n  of p o i n t  and 
non-point c o n t r i b u t i o n s  t o  t h e  t o t a l  t r i b u t a r y  load .  While only  two p o i n t  
sou rce  t r ansmiss ion  s c e n a r i o s  have been c a l c u l a t e d  f o r  t h i s  r e p o r t ,  t h e  
methodology w a s  designed t o  permi t  t h e  e f f e c t  of o t h e r  assumptions o f  
p o i n t  sou rce  t r ansmiss ions  on t h e  d i f f u s e / p o i n t  sou rce  load  r a t i o  t o  be  
r e a d i l y  c a l c u l a t e d .  

Unmoni t o  r ed A r  eas 

Unmonitored areas were those  hydro logic  areas and i n d i v i d u a l  
t r i b u t a r i e s  which w e r e  i n s u f f i c i e n t l y  monitored so as t o  prevent  a loading  
c a l c u l a t i o n  us ing  t h e  r a t i o  e s t i m a t o r  method. I n  o r d e r  t o  estimate a load  
from t h e s e  a r e a s ,  an  annual  d i f f u s e  u n i t  area load  (kg/ha /year )  from a 
monitored area w i t h  s imilar  b a s i n  c h a r a c t e r i s t i c s  w a s  m u l t i p l i e d  by t h e  
watershed a r e a  t o  provide  an annual loading .  

Unit area loads  f o r  monitored areas w e r e  c a l c u l a t e d  by d i v i d i n g  t h e  
d i f f u s e  load  ( t o t a l  load  minus p o i n t  s o u r c e  load)  by t h e  a r e a  of dra inage .  
Because of t h e  two d i f f e r e n t  p o i n t  sou rce  t r ansmiss ion  s c e n a r i o s  used ,  
two d i f f e r e n t  u n i t  area loads  were c a l c u l a t e d  f o r  each monitored area. 
Consequently, two d i f f e r e n t  estimates of l oads  f o r  unmonitored areas were 
g e n e r a l l y  c a l c u l a t e d  f o r  each w a t e r  year .  

I n  app ly ing  a d i f f u s e  u n i t  area load  f a c t o r  from a monitored area 
t o  an unmonitored area, c a r e  w a s  taken t o  be s u r e  t h e  u n i t  area load  a p p l i e d  
w a s  a r easonab le  r e p r e s e n t a t i o n  of a c t u a l  c o n d i t i o n s .  For example, t h e  
comparab i l i t y  of watersheds  w i t h  r e s p e c t  t o  s o i l  t e x t u r e ,  s o i l  e r o d i b i l i t y ,  
s u r f i c i a l  geology, and runoff  c h a r a c t e r i s t i c s  w e r e  cons idered  i n  t h e  
a p p l i c a t i o n  of d i f f u s e  u n i t  area annual  l oads  t o  unmonitored areas. I n  
a d d i t i o n ,  a n  a t t e m p t  w a s  made t o  cons ide r  t h e  e f f e c t s  of geographic 
v a r i a t i o n s  i n  r a i n f a l l ,  atmospheric i n p u t s ,  and land  use  p r a c t i c e s .  
Whenever f e a s i b l e ,  a d j a c e n t  o r  n e a r l y  a d j a c e n t  areas w i t h  c a l c u l a t e d  
d i f f u s e  u n i t  area loads  were used t o  estimate unmonitored d i f f u s e  loads .  

Once a d i f f u s e  load  w a s  c a l c u l a t e d  f o r  a n  unmonitored area,  
i d e n t i f i e d  p o i n t  sou rce  i n p u t s  were added t o  g i v e  a t o t a l  load  f o r  a given 
yea r .  Two d i f f e r e n t  t o t a l  l oads  w e r e  thus  c a l c u l a t e d  f o r  each water y e a r ,  
one assuming 100 percent de l ivery  of p o i n t  source i n p u t s  t o  t h e  r iver  
mouth and t h e  o t h e r  assuming d e l i v e r y  of 50 pe rcen t  of upstream p o i n t  
sou rce  i n p u t s  and 100 pe rcen t  of t h e  downstream p o i n t  sou rce  i n p u t s .  
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I n  m o s t  cases unmonitored areas had few i f  any p o i n t  sou rces  i n  t h e i r  
watersheds. 
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R E S U L T S  

Tables  6 and 7 p r e s e n t  t r i b u t a r y  and land  runoff  l oad ing  informat ion  
f o r  t h e  e n t i r e  U.  S .  Great Lakes d ra inage  b a s i n .  Table  6 g ives  
informat ion  on by Lake and t o t a l  U.  S.  Great Lakes Basin,  wh i l e  Table 7 
g ives  in fo rma t ion  on an i n d i v i d u a l  hydro logic  area and river b a s i n  group 
b a s i s .  A l l  v a l u e s  presented  i n  t h e s e  t a b l e s  are based upon a n a l y s i s  of 
p o i n t  and non-point i n p u t s  t o  i n d i v i d u a l  r i v e r s  d r a i n i n g  i n  t h e  U.  S .  
Basin.  The numbers f o r  t h e  hydro logic  areas have been rounded t o  two 
s i g n i f i c a n t  f i g u r e s .  The r iver b a s i n  group t o t a l s ,  l a k e  t o t a l s ,  and U. S. 
Great Lakes Basin t o t a l s  are summations of t h e  hydro log ic  area numbers. 

Data are p resen ted  f o r  seven parameters f o r  bo th  1975 and 1976, 
except  f o r  Lake E r i e ,  f o r  which 1976 d a t a  are n o t  y e t  a v a i l a b l e .  The 

coming i n t o  t h e  Lakes from t h e  t r i b u t a r i e s  w i t h i n  a g iven  area. The 
"Monitored Load" column g ives  t h a t  p o r t i o n  of t h e  t o t a l  l oad  t h a t  w a s  
c a l c u l a t e d  from e x i s t i n g  flow and c o n c e n t r a t i o n  f i e l d  d a t a  on i n d i v i d u a l  
t r i b u t a r i e s  w i t h i n  a p a r t i c u l a r  area. An es t imated  load  w a s  a l s o  made 
f o r  t h e  unmonitored areas based on a b e s t  judgement a p p l i c a t i o n  on u n i t  
a r e a  loads  t o  unmonitored areas. The es t imated  unmonitored load  p l u s  
t h e  monitored load  equa l s  t h e  t o t a l  load .  The "Percent  Diffuse' '  column 
r e p r e s e n t s  t h a t  p o r t i o n  of t h e  t o t a l  load  which i s  non-point o r  from 
d i f f u s e  sou rces  ( i n c l u d e s  b a s e  flow, see page 100). T h i s  va lue  i s  obta ined  by 
s u b t r a c t i n g  a l l  known p o i n t  sou rce  l o a d s  c o n t r i b u t i n g  t o  t h e  area i n  
ques t ion .  It w a s  assumed t h a t  100 pe rcen t  of a l l  p o i n t  sou rce  i n p u t s  
w i t h i n  a g iven  b a s i n  are d e l i v e r e d  t o  t h e  Lake i n  c a l c u l a t i n g  t h i s  
d i f f u s e  load  ( p o i n t  sou rce  loads  assuming a 50 pe rcen t  d e l i v e r y  of upstream 
sources  have a l s o  been c a l c u l a t e d  bu t  are n o t  presented  h e r e ) .  The 

d i f f u s e  u n i t  area load .  
d i f f u s e  load  by t h e  given area. 

T o t a l  Load" column r e p r e s e n t s  t h e  t o t a l  d i f f u s e  and p o i n t  sou rce  load  1 1  

Unit Area" column p r e s e n t s  t h e  t o t a l  (monitored p l u s  unmonitored a r e a )  II 

This  v a l u e  w a s  ob ta ined  by d i v i d i n g  t h e  t o t a l  

Values p re sen ted  i n  t h e  U. S .  Great Lakes T r i b u t a r y  Loading Summary 
t a b l e  f o r  t o t a l  l oad  and monitored load  are summations of t h e  r i v e r  b a s i n  
group informat ion .  The pe rcen t  d i f f u s e  and u n i t  area loads  are c a l c u l a t e d  
f o r  each  Lake based on t h e  d i f f u s e  load  and t h e  d i f f u s e  load  d iv ided  
by t h e  d ra inage  area of t h e  g iven  Lake, r e s p e c t i v e l y .  A l l  va lues  
p re sen ted  i n  t h e s e  t a b l e s  are based upon t h e  b e s t  a v a i l a b l e  d a t a  f o r  both 
r i v e r  mouth and p o i n t  sou rce  load ing  informat ion .  
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Table 6 

U.S. GREAT LAKES 

TRIBUTARY LOADINGS 

Lake 

Numb e r N a m e  

1 Lake Superior  
2 Lake Michigan 
3 Lake Huron 
4 Lake Erie 
5 Lake Ontar io  

TOTAL 

Lake 

1 Lake Superior  
2 Lake Michigan 
3 Lake Huron 
4 Lake Erie* 
5 Lake Ontar io  

TOTAL* 

Lake 

1 Lake Superior  
2 Lake Michigan 
3 Lake Huron 
4 Lake Erie* 
5 Lake Ontar io  

TOTAL" 

T o t a l  Phosphorus 1975 

T o t a l  Monitored2 D i f -  Uni t  
Load , Load f u s e  Area 

3 
4 % 1 

1 389 999 90 s 28 
3,190 2,772 55 .15 
1,720 1,472 66 .27 
8,639 6,899 81 1 . 3  
1,966 1,424 - 53 .23 

16,904 13,566 71 .4( 

Soluble  Ortho Phosphorus 1975 

464 133 88 .09 
1,224 1,055 56 .06 

456 365 45 .05 

522 374 45 .05 
2,070 1,320 62 .23 

4,736 3,247 60 .10 
~ 

Suspended S o l i d s  1975 

1,380,500 1,011,200 96 300 
608,800 455,700 93 49 
467,300 256,300 98 110  

6,054,900 3,822,000 99 1,100 
779,000 95 220 1,054,000 

9,565,500 6,324,200 98 310 
- _ _ _  

Tota l  Phosphorus 1976 

%3 
Total '  Monitored2 Dif- Unit 

Load Load f u s e  Area 

9 6 4  464 86 .20 
3,596 3,062 63 .19 
1,954 1 ,563  83 .40 

N A NA N A I\IA 
3,513 2,580 - 72 .56 

- - - - 

Soluble  Ortho Phosphorus 1976 

361 86 86 .07 
1 ,153  933 55 -05 

a43 663 83 .17 
NA NA NA NA 
549 416 32 -04 - - - - - 

Suspended S o l i d s  1976 

720,800 447,030 93 150 

765,100 424,100 99 180 
NA NA NA NA 

330 ,545,000 1,316,000 

742,400 602,100 95 57 

- 96 - 
- - - - 

'Total  load from Hydrologic Area (me t r i c  t o n s / y r )  
2 

3Percent  o f  t o t a l  load from d i f f u s e  s o u r c e s  (nonpo in t )  
4Tc t21  r l 4 f f i i e o   ini it 3 w - q  ln-A / t n / h a n t n r a / ~ r r  cr P o r t i o n  of t o t a l  load  t h a t  w a g  m n n i t n r ~ d  (~tr-~ t ~ n ! y r >  "'y. .I."UU \L.6/  L L L C C U . . - ,  ,* * 10- l-**L-"L metric tons/km - I * - -  /vr)  

1976 Lake Erie d a t a  no t  ava i lab le  (NA) 



Table 6 

U.S. GREAT LAKES 

TRIBUTARY LOADINGS 

w 
W 

Lake 

Numb e r N a m e  

1 Lake Superior  
2 Lake Michigan 
3 Lake Huron 
4 Lake Erie" 
5 Lake Ontar io  

TOTAL* 

Lake 
-~ ~ ~ 

1 Lake Super ior  
2 Lake Michigan 
3 Lake Huron 
4 Lake E r i e "  
5 Lake Ontar io  

TOTAL* 

Lake 

1 Lake Superior  
2 Lake Michigan 
3 Lake Huron 
4 Lake E r i e *  
5 Lake Ontar io  

TOTAL* 

T o t a l  Nitrogen 1975 
3 

4 % 
Total'  Monitored2 Dif- Unit  
Lo ad Load f u s e  Area 

13,530 9,830 96 2.9 
47,410 39,940 79 3.2 
29,130 23,772 88 6.4 

24,970 19 , 220 - 66 3.6 

226,710 172 , 292 85 6.4 

111,670 79 , 550 92 19. 

Nit rate  ( N i t r i t e )  N 1975 

3,118 2 , 381 94 .66 
20 , 050 16 , 950 81 1 . 4  
18 , 250 14,873 94 4 . 1  
85 , 918 63,650 96 15.  
13 , 500 1 0  , 210 - 52 2.4 

140,836 108,064 92 4 . 3  
Ammonia N 1975 

1,565 1 , 0 6 1  87 .31 
5,961 4,761 49 .24 
2,423 2,236 32 .19 
6 , 236 3,551 40 .82 
3 , 419 2 , 350 - 35 .26 

19,604 13,959 44 .28 

T o t a l  Nitrogen 1976 

%' 
T o t a l  Monitored2 Dif- Uni t  

Lo ad Load f u s e  Area 

10  , 900 4,440 94 2 .3  
54,530 44,930 82 3.6 

NA NA NA NA 
35 , 260 26 , 300 76 - 6.0 

27,470 20 , 130 86 5.9 

- 
- - - - 

Nitrate (Ni t r i te )  N 1976 
~~~~ ~ ~~ ~ 

2,145 830 9 1  -44 
22,697 18,717 84 1.6 

NA NA NA NA 
15  , 011 1 0  , 154 93 3.4 

17,920 13,160 - 86 3 . 4  
- - - - 

Ammonia N 1976 

895 443 75 .15 
5 , 160 4 , 321 33 .15 
1 , 740 1,517 25 .10 

NA NA NA NA 
3 , 844 2,826 - 26 .22 

'Total load from Hydrologic Area (metric t o n s / y r )  
2 

* 10-1 metric tons/km / y r >  

3Percent  o f  t o t a l  l o a d  from d i f f u s e  s o u r c e s  (nonpoin t j  

'Total  d i f f u s e  u n i t  a r  a l o a d  ( k g / h e c t a r e / y r  o r  9 P o r t i o n  o f  t o t a l  l o a d  t h a t  w a s  monitored (metric t o n s / y r )  

1976 Lake E r i e  d a t a  n o t  a v a i l a b l e  (NA) 



Table 6 

Lake 

Numb e r Name 

U.S. GREAT LAKES 

Chldride 1975 
3 

4 % 
Total '  Monitored2 Di E- Unit 

Load Load f u s e  Area 

TRIBUTARY LOADINGS 

Tot a1 

w 
f- 

6 1  1 3  
65 43 
66 60 
90 9 1  
52 140 

66 74 
- __ 

Chloride 19  76 
3 

4 % 
T o t a l  Monitored Dif- Unit 
Load Load f u s e  Area 

81,600 
711,600 
422,100 

NA 
. ,607 , 800 

- 

26,680 55 10 
563,650 72 42 
359,030 70 74 

NA NA NA 
64 220 1,553,300 - - 

- - - 

T o t a l  l o a d  from Hydrologic Area (metric t o n s / y r )  3Percent of  t o t a l  l o a d  from d i f f u s e  s o u r c e s  (nonpoin t )  
4 m - - - -  I 2 T T  ..-J.. -I-^ 3--a  l l - - l L ~ ~ + ~ . - * l . , r  n r  L U L ~ L  U L L L U ~ ~  u u l L  u ~ e d  luau IICLLOLSI J A - L  

2, 
* r o r t i o n  of  t o t a i  l o a d  t h a t  w a s  monitored (metric torisjyrj 

1976 Lake Er ie  d a t a  n o t  a v a i l a b l e  (NA) 10-1 m e  t r i c  t o n s  / km2 / y r ) 



Table 7 

HYDROLOGIC AREA LOADS 

LAKE SUPERIOR 

W 
Ln 

Hydrologic Area 

- Number N a m e  

1.1.1 Super io r  Slope Complex 
1 .1 .2  S a i n t  Louis River  
1.1.. 3 Apostle I s l a n d  Complex 
1 .1 .4  Bad River  
1.1.5 Montreal River Complex 

River Basin Group 1.1 T o t a l  

1 . 2 . 1  Porcupine Mountains Complex 
1 .2 .2  Ontonagon River 
1 . 2 . 3  Keweenaw Pen insu la  Complex 
1 .2 .4  Sturgeon River  
1.2.5 Huron Mountain Complex 
1 .2 .6  Grand Marais Complex 
1 . 2 . 7  Tahquamenon River  
1 .2 .8  Sau l t  Complex 

River Basin Group 1 . 2  T o t a l  

~ 

T o t a l  Phosphorus 1975 

4 %3 1 T o t a l  Monitored2 Dif- Unit  
Load Load f u s e  Area 

180 140 100 .30 
260 260 67 .18 
4 20 140 100 .80 
160 i 6 0  100 .60 

33 2 7  - 81 -32_ 
1,053 72 7 91 .39 

26 
160 

22 
19  
46 
31 
1 3  
19 

336 

20 
160 

0 
19 
38 
1 2  
1 3  

272 
10 

79 .07 
100 .45 

97 .06 
100 .10 

28 .05 
100 -10  

64 .04 
100 . 2 7  

87 .14  
- _ _  

Tota l  Phosphorus 1976 
3 

4 x 
U n i t  

Load Load f u s e  Area 

180 0 100 .30 
120 120 58 - 0 8  
280 95 100 .54 

52 5 2  100 . 2 0  
2 2  19 71 .20 

654 286 91  .25  

2 T o t a l  Monitored Dif- 

28 
100 

22 
39 
51  
31 
20 
19 
310 

0 
100 

0 
39 

0 
0 

20 
- 1 9  
178 

80 .08  
99 .28  
97 .06 

100 .21 
25 .05 

100 .10 
7 7  .07 

77 .13 
100 - .27 

1 

2 
T o t a l  l o a d  from Hydrologic Area (metric t o n s / y r )  

P o r t i o n  of t o t a l  load  t h a t  w a s  monitored ( m e t r i c  t o n s / y r )  

3Percent of t o t a l  l oad  from d i f f u s e  s o u r c e s  (nonpoint) 

4Tota l  d i f f u s e  u n i t  area l o a d  ( k g / h e c t a r e / y r  o r  
10-1 metric tons /km2/yr )  



Table  7 

HYDROLOGIC AREA LOADS 

LAKE MICHIGAN 

Hydrologic Area 

Number Name  
2.1.1 Menominee Complex 
2.1.2 Menominee River 
2.1.3 Pesht igo  River 
2.1.4 Oconto River 
2.1.5 Suamico Complex 
2.1.6 Fox River 
2.1.7 Green Bay Complex 

River Basin Group 2.1 T o t a l  

2 .2 .1  Chicago-Milwaukee Complex* 

2.3.1 S a i n t  Joseph River  450 
2.3.2 Black River (S.Hauen1 Complex 
2.3.3 Kalamazoo River 
2.3.4 Black River ( O t t a w a  Co.) Comp. 
2.3.5 Grand River 

River Basin Group 2 .3  T o t a l  

2.4.1 Muskegon River 
2.4.2 Sable  Complex 
2.4.3 Manistee River 
2.4.4 Traverse Complex 
2.4.5 Seul  Choix-Groscap Complex 
2.4.6 Manistique River 
2.4.7 Bay D e  Noc Complex 
2.4.8 Escanaba River 

River Basin Group 2.4 T o t a l  

1 

T o t a l  Phosphorus 1975 

-13 
2 lo 4 Tot  a1 Monitored Dif- Unit  

Load Load f u s e  Area 

11 5 100 .04 
87 87 83 .05 
59 59 100 .20 
51 5 1  99 .19  
44 16 100 .35 

500 500 24 .07 
220 
9 72 

.32 150 52 
868 56 .12 
- - - 

300 160 81 .42 

450 450 44 .16 
14 0 100 .15 

230 2 30 34 .15 
7 8  0 1 6  .19 

760 760 46 .24 - -  
1,532 1 ,440  42 .19 

81 
94 
53  
5 1  
11 
46 
13 
37 

386 
- 

79 
64 
53 
12 

0 
46 
1 3  
37 

304 

90 .10 
99 .20 
6 1  .06 
84 .06 

100 .08 
85 .10 

100 .04 
9 9 -  .15 

88 .10 

-- 
Tota l  Phosphorus 1976 

3 
4 2 

T o t a l  1 Monitored2 Dif- Unit  
I Load f u s e  Area 

35 1 5  100 .13 
73 73 66 .05 
39 39 100 .13 
57 57 98 .22 
92 32 100 .73 

520 520 31 .09 

Load 

200 
1,016 
- 120 

856 
83 .26 
59 .14 
- - 

470 300 86 .73 

490 490 56 .23 
18 0 100 .19 

230 230 35 .15 
81 0 19  .23 

840 
1,659 

840 
1,560 

55 .31  
5 1  -25 

i o 0  
130 

6 1  
5 1  
1 3  
5 1  
13 
32 

451 

100 
9 1  
56 
1 2  

0 
5 1  

3.6 
32 

346 

92 
99 
66 
84 

100 
86 

100 
98 
90 

. 1 3  

.29 

.08 

.06 

.09 

.12 

.04 

.13 

.12 
- 

I Tota l  l o a d  from Hydrologic Area (metric t o n s / y r )  3Percent  of t o t a l  load  from d i f f u s e  s o u r c e s  ( n o n p o i n t )  

4 T o t a l  d i f f u s e  unit .  9 e a  load  ( k g / h e c t a r e / y r  o r  5 2 P o r t i o n  o f  t o t a l  l o a d  t h a t  w a s  monitored ( m e t r i c  t o n s / y r )  
* lo-' m e t r i c  tons/km / y r )  P o i n t  sources  t o  the Indiana  Eiarbvr C a r i i l i  arid B u i r i s  i j i t ~ i i  

a r e  considered d i r e c t ;  see  page 87. 



Table  7 

HYDROLOGIC AREA LOADS 

LAKE HURON 
~~~ ~ 

Hydrologic Area 

Number N a m e  
3.1.1 L e s  Cheneaux Complex 
3.1.2 Cheboygan River 
3 .1 .3  Presque Is le  Complex 
3.1.4 Thunder Bay River 
3 .1 .5  
3.1.6 Rif le-Au Gres Complex 

Au Sab le  and Alcona Complex 

River Basin Group 3.1 T o t a l  

3.2.1 Kawkawlin Complex 
3.2.2 Saginaw River 
3.2.3 Thumb Complex 

River  Basin Group 3.2 T o t a l  

T o t a l  Phosphorus 1975 

%3 4 T o t a l  Monitored2 Dif- Unit  
Load Lo ad f u s e  Area 

78 18 100 .26 
30 29 100 .07 
5 7  2.5 100 .04 

33 33 100 .10 
33 30 100 .06 

. 1 7  58 54 
2 38 166 96 . 11 - - - 84 __ 

42 1 8  73 .31 

.64 
1,200 1,200 53 .39 

1,482 1,306 61  .43 
I_ 

99 - 240 88 

_ _  ~ - 

T o t a l  Phosphorus 1976 

1 Monitored' Dif- %3 Uni t  4 T o t a l  
Load Load f u s e  Area 

94 22 100 .31  
24  23 99 .06 
15 6.6 100 .10 
15  15 100 .05 
40 36 100 .07 

24 80 .13  45 
233 1 2 7  96 .11 
- - __ 

4 1  0 73 .03 
1,400 1,400 77 .68 

280 36 2 - .78 
1 , 7 2 1  1,436 81 .68 

T o t a l  l o a d  from H ~ d r o l o g i c  Area (me t r i c  t o n s / y r )  3Percent of t o t a l  l o a d  from d i f f u s e  s o u r c e s  (nonpo in t j  

2 P o r t i o n  of  t o t a l  l oad  t h a t  w a s  monitored (me t r i c  t o n s / y r )  4 T o t a l  d i f f u s e  u n i t  area load  ( k g / h e c t a r e / y r  o r  
10-1 me. t r i c  t o n s  / km2 / y r ) 



Table 7 

HYDROLOGIC AREA LOADS 

LAKE ERIE  

w 
03 

Hydrologic Area 

Number Name 

4.1.1 Black River 
4.1.2 S t .  Clair  Complex 
4.1.3 C l in ton  River 
4.1.4 Rouge Complex 
4.1.5 Huron River 
4.1.6 Swan Creek Complex 
4.1.7 Ra i s in  River 

River Basin Group 4 . 1  T o t a l  

4 .2 .1  O t t a w a  River  
4.2.2 Maumee River  
4.2.3 Toussaint-Portage Complex 
4.2.4 Sandusky River 
4.2.5 Huron-Vendlion Complex 

River Basin Group 4.2 T o t a l  

4 .3 .1  Black-Rocky Complex 
4.3.2 Cuyahoga River  
4 .3 .3  Chagrin Complex 
4.3.4 Grand River 
4.3.5 Ashtabula-Conneaut Complex 

River Basin Group 4 .3  T o t a l  

4 . 4 . 1  Erie-Chautauqua Complex 
4.4.2 Cat ta raugus  Creek 
4 .4 .3  Tonawanda Complex 

River Basin Group 4.4 T o t a l  

T o t a l  Phosphorus 1975 
a/ 3 

4 lo 

T o t a l  Monitored2 DJf- Unit 
f u s e  Area 

46 46 86 . 2 2  
64 23 9 2  .40 

260 2 60 58 .76 
320 200 96 1.6 
250 250 60 .70 

60 0 100 .70 

_________ Load Load 

310 
1 , 310 

280 7 2 -  .70 
1,059 76 .74 

69 0 95 1 . 0  
2,600 2 , 600 86 1 . 3  

240 150 85 .77 
620 600 81 1 .3  
310 220 86 1 .0  

3,839 3,570 85 1 . 2  
- 

~~~ ~~ 

750 660 76 2.5 
790 790 65 2.2 
160 140 96 2.0 
380 330 100 1 . 8  
190 170 97 2.0 

2 , 270 2 , 090 79 2.1 
- - 

__ ~~ ~ 

300 0 92 1 . 6  
180 180 94 1 . 2  

63 1.6 740 0 
1 ,220  180 75 1 . 5  

- 

Tota l  Phosphorus 1976 

4 Uni t  
2 &  T o t a l  Monitored Dif- 

Load Load f u s e  Area 

'Total load  from Hydrologic Area (me t r i c  t o n s / y r )  

2 P o r t i o n  of t o t a l  l o a d  t h a t  w a s  monitored ( m e t r i c  t o n s / y r )  

3 Pe rcen t  of t o t a l  l o a d  from d i f f u s e  s o u r c e s  (nonpofnt )  

4Tota l  d i f f u s e  u n i t  area l o a d  ( k g / h e c t a r e / y r  o r  
'I n-1 .--+.-4 ,. +--- I L - ~  I...-\ 
I V  L I l C L L  LL LUUUl  hill- I y L 



Table  7 

W 
\D 

HYDROLOGIC AREA LOADS 

Hydrologic Area T o t a l  Phosphorus 1975 T o t a l  Phosphorus 1976 

x 3  4 
3 

Dif - U n i t  
Number N a m e  Load Load f u s e  Area Load Load f u s e  Area 

.90 5.1.2 Genesee R ive r  590 5 30 7 1  .61 800 720 78  

2 %  2 T o t a l  Monitored D i f -  Unit T o t a l  Monitored 

5 .1 .1  Niagara-Orleans Complex 290 0 56 .61  360 0 68 .90 

River Basin Group 5 .1  T o t a l  880 5 30 66 .61  1 ,160  720 75 .90  

5 .2 .1  Wayne-Cayuga Complex 83 0 92 .61  120 0 95 .90 
5.2.2 Oswego River 510 510 0 - 920 920 39 .27 

River  Basin Group 5.2 T o t a l  659 5 10 2 1  .08 1 ,230  920 53 . 39  

__ - - - - - 

5 .2 .3  Salmon Complex 66 0 93  . 2 5  190 0 98 .76 - - __ __ - - - 

5 . 3 . 1  Black River 154 154 85 .25 410 410 96 .76 
5.3.2 Perch Complex 33 0 100 . 2 7  8 3  0 100 -66  
5 .3 .3  Oswagatchie River 130 130 91  . 2 7  290 290 96 .67 

-32  5.3.4 Grass-Raquette-St. Regis Comp. 110 - - - 42 .06 340 240 77 - 100 - 
River  Basin Group 5.3 T o t a l  42 7 384 7 7  . 1 7  1 .123 940 90 -54 

LAKE ONTARIO 

1 T o t a l  l o a d  from Hydrologic  Area (met r ic  t o n s / y r )  
2 

3Percent of  t o t a l  l oad  from d i f f u s e  s o u r c e s  (nonpo in t )  

4To ta l  d i f f u s e  u n i t  area load  ( k g / h e c t a r e / y r  o r  P o r t i o n  of t o t a l  l o a d  t h a t  w a s  monitored ( m e t r i c  t o n s / y r )  
10-1 m e  t r i c  t o n s  / km2 / y t ) 



Hydrologic Area 

Number N a m e  

1.1.1 S u p e r i o r  Slope Complex 
1.1.2 S a i n t  Louis River 
1.1.3 Apos t le  I s l a n d  Complex 
1.1.4 Bad River 
1.1.5 Montreal River Complex 

River Basin Group 1.1 T o t a l  

1 . 2 . 1  
1 .2.2 
1.2.3 
1.2.4 
1.2.5 
1.2.6 
1.2.7 
1 . 2 . 8  

Porcupine Mountains Complex 
Ontonagon River 
Keweenaw P e n i n s u l a  Complex 
Sturgeon River 
Huron Mountain Complex 
Grand Marais Complex 
Tahquamenon River 
S a u l t  Complex 
River  Basin Group 1 . 2  T o t a l  

Table 7 

HYDROLOGIC AREA LOADS 

LAKE SUPERIOR 

Soluble  Ortho Phosphorus 1975 
3 

4 % 1 Total Monitored2 Dif- U n i t  
Load Load f u s e  Area 

60 0 100 .10 
120 0 78 .10 
140 48 100 .27 

32 32 100 .12 
6.2 5.6 - -  48 .04 

358 86 92 .14 

16  
1 9  

7.3 
4.7 

24 
2 1  

7.9 
6.6 

106 

0 
19  

0 
4.7 

7.9 
7.9 
4.4 

2 . 8  

47 

38 -02  
99 .05 
96 .02 

100 .03 
36 .04 

100 .07 
71 .03 

100 .07 
74 .04 
- -  

S o l u b l e  Ortho Phosphorus 1976 
3 

4 % 
T o t a l  Monitored2 Dif- Unit 

Load Load f u s e  Area 

60 0 100 .10 
7 3  0 65 .05 
94 0 100 .18 
11 0 100 .04  

. O l  11 
249 9.4 88 - 0 9  

- 71 - 9.4 - I_ 

4.1 

7.0 
8 .2  

39 

25 
20 

4 . 1  
4.6 

112 

1 . 4  
39 

0 
8 .2  

24 
0 
4 . 1  
0 

77 
-- 

100 
99 

100 
100 

35 
100 

44 
100 
83 
- 

-01 
-11 
.02 
- 0 4  
.04 
-07 
. O l  
-07 
.05 
- 

'Total  l o a d  from Hydrologic Area (metr ic  t o n s / y r )  

2 P o r t i o n  of t o t a l  load  t h a t  w a s  monitored ( m e t r i c  t o n s / y r )  

3Percent  of t o t a l  load  from d i f f u s e  s o u r c e s  (nonpoin t )  

'Total  d i f f u s e  u n i t  area l o a d  ( k g / h e c t a r e / y r  o r  
m e t r i c  t o n s  /km2 / y r  ) 



Table  7 

HYDROLOGIC AREA LOADS 

LAKE MICHIGAN 

Hydrologic Area 

Number Name  
2 . 1 . 1  Menominee Complex 
2.1.2 Menominee River 
2.1.3 Pesht igo  River 
2.1.4 Oconto River  
2.1.5 Suamico Complex 
2.1.6 Fox River 
2.1.7 Green Bay Complex 

River Basin Group 2 .1  Total 

2.2.1 Chicago-Milwaukee Complex** 

2.3.1 S a i n t  Joseph River 
2.3.2 Black River (S. Haven) Complex 
2.3.3 Kalamazoo River 
2.3.4 Black River ( O t t a w a  Co.) Comp. 
2.3.5 Grand River 

River Basin Group 2 .3  T o t a l  

2.4.1 
2 .4 .2  
2 .4 .3  
2.4.4 
2.4.5 
2.4.6 
2.4.7 
2.4.8 

Muskegon River 
Sable  Complex 
Manistee River 
Traverse Complex 
Seul  Choix-Groscap Complex 
Manistique River  
Bay De Noc Complex 
Escanaba River 
River  Basin Group 2.4 T o t a l  

Soluble  Ortho Phosphorus 1975 

2 x3 4 T o t a l  Monitored Dif- Unit  
Load Load f u s e  Area 

6 . 4  2 . 8  100 .02 
37 37 6 1  .02 
34 34 100 .11 
1 5  15  96 .06 
2 1  7 . 5  100 .17 

220 220 65 .08 

4 7 3  396 77 .08 

6 8  45 6 4  .08 

- 1 4 0  80 8 8 -  .20 

- 96 96 0 
3.9 0 100 .04  

95 95 23  .04 
1 4  0 6 1  .13 

320 
529 

320 36 .08 
5 1 1  2 8  .05 
- - 

29 
24 
1 9  
2 3  

26 

24 
1 5 4  

6.7 

2 . 5  

29 8 7  
0 95 

1 9  8 
4.7 83 
0 100 

26 100 
0 1 0 0  

24 100 
1 0 3  8 3  

- 

.04 

.05 

.03 

.02 

.05 

.07 

.01 

.10 
.04 
- 

Soluble  Ortho Phosphorus 1 9 7 6  
~~ 

x3 4 Monitored' D i f -  Uni t  
Load Load f u s e  Area 

7 . 3  3.2 100 .03 
23 23  37 .01 
10 10 100 .03 

9.4 9 . 4  94  .03 
20 7 .O 100 .16 

110 110 4 1  .03 
110 6 4  85  -15  
293 227 66 .04 

1 T o t a l  

- I_ 

99 24 7 4  .13 

1 6 0  160 32 - 04 
4 . 2  0 100 -04  

87 87 30 -05 
11 0 48 .08 

.ll 340 
602 587 41 .06 

- 46 - 340 - 

38 
34 
1 8  
24 

20 

1 4  
1 5  7 

5 . 9  

2 .5  

37 67 .04 
0 97 .07 

1 8  4 . OfK* 
5 . 4  8 0  .03 
0 99 .04 

20  100 .05 
.7 100 .01 

1 4  100 .06 
95 77 .04 

- 

' T o t a l  l oad  from Hydrologic Area (metric t o n s j y r )  

2 P o r t i o n  of  t o t a l  l oad  t h a t  was monitored (metric t o n s / y r )  
* lo-' m e t r i c  tons/km / y r )  

3Percent  o f  t o t a l  l oad  from d i f f u s e  s o u r c e s  (nnnpoin t )  

4To ta l  d i f f u s e  u n i t  B ea load  ( k g / h e c t a r e / y r  o r  5 
K = less than ** 
P o i n t  sources  t o  t h e  Indiana Harbor Canal and Burns Di tch  

are  considered d i r e c t ;  see page 87.  



Table 7 

HYDROLOGIC AREA LOADS 

LAKE HURON 
- 

Hydrologic Area 

Number N a m e  

3.1.1 Les  Cheneaux Complex 
3 .1 .2  Cheboygan River 
3.1.3 Presque Is le  Complex 
3.1.4 Thunder Bay River 
3.1.5 Au Sable  and Alcona Complex 
3.1.6 Rif le-Au Gres Complex 

River Basin Group 3 . 1  T o t a l  

So lub le  Ortho Phosphorus 1975 

Monitored2 Dif- %3  Unit  4 T o t a l  
Load Load - f u s e  Area 

36 8.5 100 .12 
1 3  1 2  100 .03 

8 .6  2 , 2  100 -06  
10 10 100 .03 
21 20 100 .04 
2 2  
111 
- 2 1  

74 
82 .06 
96 .05 

3 . 2 . 1  Kawkawlin Complex 
3 .2 .2  Saginaw River 
3.2.3 Thumb Complex 

River Basin Group 3 . 2  T o t a l  

1 5  5 . 1  6 1  .09 
260 260 7 .01 

70 26 2 .19 
345 291 28 .05 

-. 

S o l u b l e  Ortho Phosphorus 1976 

%3 4 
Monitored2 Dif- Unit 

Load Load f u s e  Area 

28 6 .5  100 .09 
5 .9  5.7 100 . 01 
4 . 3  0 100 .03 
2.7 2.7 100 . O l  

1 3  1 2  100 .02 
1 4  6 . 8  - 73 .04 
68 23 94 .03 

1 T o t a l  

1 5  0 6 1  .09 
620 620 78 .30 
140 2 99 .38 
775 640 82 .30 

I T o t a l  l o a d  from Hydrologic Area (me t r i c  t o n s / y r )  3Percent of  t o t a l  l o a d  from d i f f u s e  s o u r c e s  (nonpo in t j  

P o r t i o n  of  t o t a l  l oad  t h a t  w a s  monitored (metric t o n s / y r )  ‘Total d i f f u s e  u n i t  area load  ( k g / h e c t a r e / y r  o r  2 
10-1 =?tric /1*-2/*--\  L u r m i  nru I y L )  



Table  7 

HYDROLOGIC AREA LOADS 

LAKE ERIE  

f- 
W 

Hydrologic Area 

Number 

4 .1 .1  
4.1.2 
4 .1 .3  
4.1.4 
4.1.5 
4.1.6 
4.1.7 

N a m e  

Black River 
S t .  Cla i r  Complex 
C l in ton  River  
Rouge Complex 
Huron River  
Swan Creek Complex 
R a i s i n  River  
River  Basin Group 4 .1  T o t a l  

4 .2 .1  O t t a w a  R ive r  
4.2.2 Maumee River  
4.2.3 Toussa in t -Por tage  Complex 
4.2.4 Sandusky River  
4.2.5 Huron-Vermilion Complex 

River  Basin Group 4 .2  T o t a l  

4 .3 .1  Elack-Rocky Complex 
4.3.2 Cuyahoga R: v e r  
4 .3 .3  Chagrin Complex 
4.3.4 Grand River 
4.3.5 Ashtabula-Conneaut Complex 

River  Bas in  Group 4 .3  T o t a l  

4.4.1 Erie-Chautauqua Complex 
4.4.2 Ca t t a raugus  Creek 
4 .4 .3  Tonawanda Complex 

River  Basin Group 4.4 T o t a l  

Soluble  Or tho  Phosphorus  1975 
", 3 

4 ib 
T o t a l  Monitored' Dif- Uni t  

Load Load f u s e  Area 

26 
2 1  
78 

170 
40 
11 

100 
446 
- 

26 
0 
0 

110 
40 

0 
0 

176 
- 

8 7  . 1 2  
89 . 1 2  
32  .12 
96 .86 

100 .12 
.18 

67 .22 

- 0 

- 58 - 

1 7  0 90 .24 
610 610 68 .24 

77 52 75 . 2 2  
85 83  31  .07 

.12 55 44 
844 789 64 .20 
- - 59 - 

320 140 72 1 . 0  
180 180 32 .25 

24  22 85 .26 
57 0 '9 9 .26 

.26 27 0 
608 34 2 64 -47  
- - 89 - 

39 0 67 -16  
1 3  1 3  54 .05 

.05  120 0 
1 7 2  1 3  28 -07  
- - - 1 2  

Soluble Ortho Phosphorus 1976 
3 

4 x 
Unit 

Load Load f u s e  Area 

2 T o t a l  Monitored Dif- 

T o t a l  l o a d  from Hydrologic Area (metric t o n s / y r )  3Percent  of  t o t a l  l o a d  from d i f f u s e  s o u r c e s  (nonpoin t?  

2 P o r t i o n  of t o t a l  l o a d  t h a t  w a s  monitored (metric t o n s / y r )  4 T o t a l  d i f f u s e  u n i t  area l o a d  ( k g / h e c t a r e / y r  o r  
10-1 m e  t r i c  t o n s  / km2 / y r ) 



Table  7 

HYDROLOGIC AREA LOADS 

LAKE ONTARIO 

f u s e  Area 

5.2.3 Salmon Complex 

5.3.4 Grass-Raquette-St. Regis Comp. 
River  Basin Group 5.3 T o t a l  

I 

'Total l o a d  from Hydrologic Area (met r ic  t o n s / y r )  
2 

3Percent of t o t a l  l o a d  from diffuse s o u r c e s  (nonpo in t )  

4Tota3 d i f f u s e  u n i t  a;ea load  ( k g / h e c t a r e / y r  o r  P o r t i o n  o f  t o t a l  l oad  t h a t  w a s  monitored (me t r i c  t o n s / y r )  
lo-* m e t r i c  tons /kmL/yr)  



Table  7 

HYDROLOGlC A R M  I.OADS 

LAKE SUPERIOR 

~ 

Hydrologic Area 

Numb e r N a m e  

1.1.1 Super ior  Slope Complex 
1 .1 .2  S a i n t  Louis River 
1 .1 .3  Apos t le  I s l a n d  Complex 
1 . 1 . 4  Bad River  
1 .1 .5  Montreal River Complex 

River Basin Group 1.1 T o t a l  
~~~ ~ ~~~ ~- 

1 . 2 . 1  Porcupine Mountains Complex 
1 . 2 . 2  Ontonagon River  
1 .2 .3  Keweenaw Peninsula  Complex 
1.2.4 Sturgeon River  
1 .2 .5  Huron Mountain Complex 
1.2.6 Grand Marais Complex 
1 .2 .7  Tahquamenon River 
1 .2 .8  S a u l t  Complex 

River  Basin Group 1 . 2  T o t a l  

* 
** Over 46,000 MT/yr from poin t  sou rces  

Drains a l a r g e  c l a y  a r e a  

- 
Suspended S o l i d s  1975 

3 
4 % 1 T o t a l  Monitored2 D i f -  Unit 

Load Load f u s e  Area 

43,000 35,000 100 72 
32" 24 

100,000 100,000 100 390 

688,900 369,700 93 270 

70,000 70,000" 
4 70,000 160,000 100 900 

5,900 4,700 99 75 - -- 

36,000 17,000 
580,000 580,000 

17,000 0 
20,000 20,000 
12,000 5,100 

9,900 3,800 
7,400 7,400 
9,300 8,200 

691,600 641,500 

66 88 
100 1600"" 
100 41 
100 110 
100 48 
100 32 
100 34 
100 130 

98 330 
- -  

3 
4 x 

T o t a l  Monitored' Dif- Uni t  
Load Load f u s e  Area 

61,000 3,800 100 100 
27,000 27,000" O* - 

150.000 150,000 100 593 
220,000 74,000 100 420 

99 43 
461,400 257,500 94 180 

3,400 2,700 - 

34,000 
150,000 

12,000 
26,000 

8,700 
11,000 

7,900 
9,800 

259,400 

~~ ~ 

4,700 
150,000 

0 
26,000 

9 30 
0 

7,900 
0 

189,530 

35 
100 
100 
100 
100 
100 
100 
100 

91  

50 
410** 

35 
140 

35 
35 
36 

140  
120 

T o t a l  l o a d  from Hydrologic Area (metric t o n s / y r )  3Percent of t o t a l  l oad  from d i f f u s e  s o u r c e s  ( n o n p o i n t )  

2Por t ion  of t o t a l  l oad  t h a t  w a s  monitored ( m e t r i c  t o n s / y r )  4 T o t a l  d i f f u s e  u n i t  area l o a d  ( k g / h e c t a r e / y r  or 
10-1 me t r i c t o n s  / km2 / y r ) 



Table  7 

HYDROLOGIC AREA LOADS 

LAKE MICHIGAN 

Hydrologic Area 

Number Name  

2.1.1 Menominee Complex 
2.1.2 Menominee River 
2.1.3 Pesht igo  River 
2.1.4 Oconto River  
2.1.5 Suamico Comp-lex 
2.1.6 Fox River 
2.1.7 Green Bay Complex 

River Basin Group 2 . 1  T o t a l  

* 2.2.1 Chicago-Milwaukee Complex 

2.3.1 S a i n t  Joseph River 
2.3.2 Black River (S. Haven) Complex 
2.3.3 Kalamazoo River 
2.3.4 Black River ( O t t a w a  Co.) Comp, 
2.3.5 Grand River 

River  Basin Group 2.3 T o t a l  

2.4.1 
2.4.2 
2.4.3 
2.4.4 
2.4.5 
2.4.6 
2.4.7 
2.4.8 

Muskegon River 
Sable Complex 
Manistee River 
Traverse  Complex 
Seul  Choix-Groscap Complex 
Manistique River 
Bay D e  Noc Complex 
Escanaba River 
River Basin Group 2.4 T o t a l  

Suspended So l ids  1975 
0/3 

2 "  4 T o t a l  Monitored Dif- Uni t  
Load Load f u s e  Area 

5,700 
13,000 

4,000 
7,300 

26,000 
60,000 
78,000 

.94,000 

LOO, 000 

2,500 
13,000 

4,000 
7,300 
9,300 

60,000 
41,000 

137,100 

50,000 

100 
88 

100 
83  

100 
65 

100 
88 

96 

2 1  
11 
1 3  
24  

210 
23 

120 
38 

180 

- 

~~ 

82,000 82,000 
3,600 2,800 

27,000 27,000 
2,700 0 

76,000 76,000 
L91,300 187,800 

41,000 
16,000 
20,000 
21,000 

4,800 
12,000 

4,900 
4,100 

123,800 

40,000 
0 

20,000 
4,700 

0 
12,000 

0 
4,100 

80,800 

97 66 
100 39 

82 43 
93  39 

49 94 
94 54 

100 57 
99 36 
9 1  36 
99 32 

100 33 
100 33 
100 1 6  

16 96 
98 36 

__ - 

__ - 

T o t a l  l oad  from Hydrologic Area (metric t o n s / y r )  
1 
9 

Suspended Sol ids .  1976 
3 

4 % 
T o t a l  1 Monitored2 Dif- Uni t  

Load ' Load f u s e  Area 

17,000 7,500 100 63 
16,000 16,000 9 1  1 4  

6,000 6,000 100 20 
10,000 10,000 88 36 
52,000 18,000 100 42  
00,000 100,000 87 52 

25,000 170,500 93 38 
24,000 13,000 100 __ 39 ___ __ 

67,000 32,000 94 110 

10,000 110,000 98 9 1  
4,900 0 100 53  

37,000 37,000 82 59 
3,700 0 95 53  

98 50,000 150,000 97 
105,600 297,000 96 87 

- - 

63,000 
14,000 
18,000 
19,000 

5,900 
16,000 
4,900 
4,000 

44,800 

61,000 
0 

16,000 
4,200 

0 
16,000 

1 ,400  
4,000 

102,600 

100 
99 
90 
99 

100 
100 
100 

96 
98 

89 
31  
31 
28 
4 1  
4 1  
16 
16 
42 
- 

3Percent of t o t a l  l oad  from d i f f u s e  s o u r c e s  (nonpo in t )  

4 T o t a l  d i f f u s e  unit. FI ea load  ( k g / h e c t a r e / y r  o r  5 LPor t ion  o f  t o t a l  l oad  t h a t  w a s  monitored (metric t o n s / y r )  
* Poin t  sources  t o  t h e  Indiana Harbor Canal and Burns Di tch  lo-' m e t r i c  tons/km / y r )  

a r e  considered d i r e c t ;  s e e  page 87. 



Hydrologic Area 

Number N a m e  
3 .1 .1  L e s  Cheneaux Complex 
3.1.2 Cheboygan River 
3.1.3 Presque Isle Complex 
3.1.4 Thunder Bay River 
3.1.5 Au Sable  and Alcona Complex 
3.1.6 Rif le-Au Gres Complex 

River  Basin Group 3 .1  T o t a l  

3.2.1 Kawkawlin Complex 
3.2.2 Saginaw Rive r  
3.2.3 Thumb Complex 

R ive r  Basin Group 3.2 T o t a l  

Table 7 

HYDROLOGIC AREA LOADS 

LAKE HURON 

Suspended S o l i d s  1975 
~~~ 

x 3  4 T o t a l  Monitored’ Dif-  Unit  
Load Load f u s e  Area 

180,000 43,000 100 600 
7,200 6,900 100 1 7  
8,700 2,200 100 60 
6,000 6,000 100 18 

12,000 11,000 100 2 1  
30,000 27,000 - 

243,900 96,100 100 120 
100 103 

3,400 2,200 98 33 

100,000 38,000 1 0 0 2 8 0  
223,400 160,200 95 100 

L20,OOO 120,000 91  68 

SusDended S o l i d s  1976 

%3 4 
T o t a l  Monitored2 Dif- Un i t  

Load Load f u s e  Area 

57,000 13,000 100 190 
8,800 8,400 100 2 1  

11,000 0 100 74 
6,900 6,900 100 2 1  

22,000 A 

16,000 15,000 100 28 
77 

121,700 56,300 100 60 
- 100 1 3  000 

3,400 0 98 33 
360,000 360,000 97 220 

850 
643,400 368,800 98 300 

- 100 280,000 8,800 - 

T o t a l  l o a d  from Hydrologic  Area (metric t o n s / y r )  3Percent  o f  t o t a l  l o a d  from d i f f u s e  s o u r c e s  ( n o n p o i n t j  

2 P o r t i o n  of t o t a l  l o a d  t h a t  w a s  monitored (me t r i c  t o n s / y r )  4Total  d i f f u s e  u n i t  area load  ( k g / h e c t a r e / y r  o r  
10-1 metric tons/km2/yr) 



Table 7 

HYDROLOGIC AREA LOADS 

LAKE E R I E  

c 
03 

Hydrologic Area 

Number 

4 .1 .1  
4.1.2 
4 .1 .3  
4.1.4 
4.1.5 
4.1.6 
4.1.7 

Name 

Black River  
S t .  Clair Complex 
C l in ton  River 
Rouge Complex 
Huron R ive r  
Swan Creek Complex 
Ra i s in  River  
River Basin Group 4 . 1  T o t a l  

4 . 2 . 1  O t t a w a  River  
4 . 2 . 2  Maumee River  
4.2.3 Toussaint-Portage Complex 
4.2.4 Sandusky River  
4.2.5 Huron-Vermilion Complex 

River Basin Group 4 . 2  T o t a l  

4.3.1 Black-Rocky Complex 
4.3.2 Cuyahoga R ive r  
4.3.3 Chagrin Complex 
4.3.4 Grand River  
4.3.5 Ashtabula-Conneaut Complex 

River Basil .  Group 4 .3  T o t a l  
~~ ~~ 

4 . 4 . 1  Erie-Chautauqua Complex 
4 .4 .2  Cat ta raugus  Creek 
4 .4 .3  Tonawanda Complex 

River Basin Group 4.4 T o t a l  

Suspended So l ids  1975 __- 
e, 3 

4 Io 
T o t a l  Monitored2 Dif- Unit  

f u s e  Area 

16,000 16,000 100 86 
13,000 0 100 86 
18,000 0 96 86 
23,000 17,000 26 86 
23,000 23,000 82 92 

7,900 0 100 92 
2 4 6 0  

250,900 56,000 91 1 7 7  

Load Load ~ 

-__ 150,000 0 

54,000 0 100 840 
,400,000 1,400,000 100 840 
110,000 66,000 100 420 
340,000 320,000 100 860 
280,000 180,000 100 1 ,000  

! ,184,000 1,966,000 100 817 

460,000 240,000 100 2,000 
630,000 630,000 99 2,700 
270,000 250,000 100 3,600 
5 70,000 0 100 2,700 

0 1 0 0  2 700 
!,170,000 1,120,000 100 2,600 

240,000 -L 

450,000 0 100 2,700 
680,000 680,000 100 4,800 

98 1 ,100  
. ,450,000 680,000 100 2,300 

- _ _ _  320,000 0 

Suspended S o l i d s  1976 
3 

4 % 
T o t a l  Monitored2 Dif- Unit  

Load Load f u s e  Area 

'Total l oad  from Hydrologic Area (me t r i c  t o n s / y r )  

2 P o r t i o n  of t o t a l  l o a d  t h a t  w a s  monitored (metric t o n s / y r )  

3Percent  o f  t o t a l  l o a d  from d i f f u s e  s o u r c e s  (nonpoint:  

4To ta l  d i f f u s e  u n i t  area l o a d  ( k g / h e c t a r e / y r  o r  
10-1 m e  t r i c  t o n s  / km* / y r ) 



Table  7 

HYDROLOGIC AREA LOADS 

LAKE ONTARIO 

Hydrologic Area Suspended S o l i d s  1975 
w3 

2 4 T o t a l  Monitored Dif- Unit  
Number N a m e  Load Load f u s e  Area 

5 .1 .1  Niagara-Orleans Complex 75,000 0 96 270 

River Basin Group 5.1 T o t a l  665,000 540 , 000 99 680 
5 .1 .2  Genesee River  590,000 540,000 - 99 840 

5 .2 .1  Wayne-Cayuga Complex 
5.2.2 Oswego River 
5 .2 .3  Salmon Complex 

River  Basin Group 5 . 2  T o t a l  

45,000 0 76 270 
100,000 100,000 76 56 

194,000 100 , 000 78 93 
49,000 0 - 100 ?oo 

5.3 .1  Black River 
5.3.2 Perch Complex 
5.3.3 Oswagatchie River 
5.3.4 Grass-Raquette-St. Regis Comp. 

River  Basin Group 5 .3  T o t a l  

73,000 73,000 94 130 
53,000 0 100 420 
44,000 44,000 100 100 
25,000 22,000 - 98 - 30 

195,000 139.000 98 100 

Suspended S o l i d s  1976 

4 z3 
T o t a l  Monitored Dif- Uni t  

2 

Load Load f u s e  Area 

75,000 0 96 2 70 
,100,000 1,100,000 - 100 1 ,600  
, 175,000 1 , 100,000 99 1 ,200  

40,000 
141,000 

52,000 
233.000 

41,000 
53,000 

23,000 
137, OOC) 

20,000 

0 86 2 70 
141,000 7 7  82 

80 170 0 - 
141,000 79 110 

88 70 
0 100 4 20 

100 45 20 , 000 
28 98 14,000 - 

75 , 000 96 69 

4 1  , 000 

- 

'Total l o a d  from Hydrologic Area (me t r i c  t o n s / y r )  
2 

3Percent of  t o t a l  l o a d  from diffuse s o u r c e s  (nonpo in t )  

4To ta l  d i f f u s e  u n i t  area l o a d  ( k g / h e c t a r e / y r  o r  P o r t i o n  of t o t a l  l oad  t h a t  w a s  monitored (metric t o n s / y r )  
10-1 m e  t r i c  t o n s  / km2 / y r ) 



Table 7 

HYDROLOGIC AREA LOADS 

LAKE SUPERIOR 

Hydrologic Area 

Numb e r Name  

1.1.1 Super io r  Slope Complex 
1 .1 .2  S a i n t  Louis River  
1. I. 3 Apost le  I s l a n d  Complex 
1 .1 .4  Bad R ive r  
1 .1 .5  Montreal River Complex 

River  Bas in  Group 1.1 T o t a l  

1 . 2 . 1  Porcupine Mountains Complex 
1. 2.2 Ontonagon River 
1 . 2 . 3  Keweenaw Pen insu la  Complex 
1 .2 .4  Sturgeon River  
1 .2 .5  Huron Mountain Complex 
1 . 2 . 6  Grand Marais Complex 
1 . 2 . 7  Tahquamenon River 
1 . 2 . 8  S a u l t  Complex 

River  Basin Group 1 . 2  T o t a l  

T o t a l  Nitrogen 1975 
3 

1 4 I 
T o t a l  Monitored' D i f -  Unit  

Load Load f u s e  Area 

3,100 2,500 100 5 .2  
2,500 2,500 91  2 . 4  
1 ,400  490 100 2.8 

640 640 100 2.5 
89 4 .5  400 320 

8,040 6,450 97 3.3 
- -  

700 
1,100 

940 
490 
810 
7 00 
500 
250 

5,490 

4 20 
1,100 

0 
490 
420 
2 70 
500 
180 

3,380 

82 2 . 1  
100 3 .1  
100 2 . 7  
100 2.6 

83 2 . 7  
100 2 . 2  

96 2 . 2  
100 2 . 2  

95 2.5 
-~ 

Tota l  N i t rogen  1976 
3 

4 % 
Tota l  Monitored2 Dif- Unit 
Load Load f u s e  Area 

2,600 0 100 4 . 4  
1,200 1 ,200  8 1  1 . 0  
1,300 430 100 2 .4  

650 650 100 2.5 
280 2 30 85 3.0 

6,030 2,510 95 2 .4  

580 
740 

1,000 
360 
880 
640 
470 
200 

4,870 

150 
740 

0 
360 
210 

0 
470 

0 
1 ,930  

76 
100 
100 
100 

84 
100 

96 

94 
100 

1 . 6  
2 . 1  
2.9 
1 .9  
2.9 
2.0 
2.0 

2.2 
2.9 

'Total  l o a d  from Hydrologic Area (met r ic  t o n s / y r )  

2 P o r t i o n  of t o t a l  l oad  t h a t  was monitored ( m e t r i c  t o n s / y r )  

3Percent of t o t a l  l oad  from d i f f u s e  s o u r c e s  (nonpoin t )  

4 T o t a l  d i f f u s e  u n i t  area l o a d  ( k g / h e c t a r e / y r  o r  
1 0-i m e t r i c  t o n s  i km2 i y r j 



Table 7 

HYDROLOGIC AREA LOADS 

LAKE MICHIGAN 

Hydrologic Area 

Number Name 

2 .1 .1  Menominee Complex 
2.1.2 Menominee River 
2.1.3 Pesht igo  River 
2.1.4 Oconto River 
2.1.5 Suamico Complex 
2.1.6 Fox River 
2.1.7 Green Bay Complex 

River  Basin Group 2 .1  T o t a l  

2.2.1 Chicago-Milwaukee Complex* 

2.3.1 S a i n t  Joseph River 
2.3.2 Black River (S . Haven) Complex 
2.3.3 Kalamazoo River 
2.3.4 Black River (Ottawa Co.) Comp 
2.3.5 Grand River  

River Basin Group 2 .3  T o t a l  

2.4.1 Muskegon River 
2.4.2 Sable  Complex 
2.4.3 Manistee River 
2.4.4 Traverse  Complex 
2.4.5 S e u l  Choix-Groscap Complex 
2.4.6 Manist ique River 
2.4.7 Bay D e  Noc Complex 
2.4.8 Escanaba River 

R i v e r  Basin Group 2.4 T o t a l  

T o t a l  Nitrogen 1975 
3 

2 %  4 T o t a l  Monitored D i f -  Uni t  
Load Lo ad f u s e  Area 

450 200 100 1 . 6  
1,600 1,600 94 1 . 5  

600 600 100 2.0 
1,400 1,400 100 5.5 

450 160 100 3.6 
4,700 4,700 63 1 . 7  
2,400 1,300 - 94 3.7 

11,600 9,960 8 3  2.2 
~~ 

4,000 2,000 88 6.2 

7,700 7,700 70 4.5 
9 40 750 100 10 

3,800 3,800 57 4.2 
710 0 45 4.8 

24,150 23,250 70 5 .0  
11,000 11,000 7 3 -  5.4  

1,600 1,600 96 2.2 
1,000 0 96 2.2 
1,200 1 ,200  95 2 . 3  
1,100 1,100 92 1 . 5  

420 0 100 2.9 
1,100 1,100 100 2.9 

690 0 100 2 .3  
550 100 2 . 3  550 - __ 

7,660 4,730 97 2.2 

Tota l  Nitrogen 1976 
013 

4 /o 

Monitored' D i f -  U n i t  1 T o t a l  
Load % Load f u s e  Area 

560 
1,600 

840 
1,700 

410 
4,600 
3,400 

13,110 

250 
1,600 

840 
1,700 

140 
4,600 
1 800 

10,930 
L 

100 
94 

100 
100 
100 

65 
95 
86 

2 . 1  
1 . 4  
2 .8  
6.7 
3.2 
1 .8  
5.2 
2.6 
__ 

4,200 2,100 88 6 .5  

10,000 10,000 77 6.4 
940 0 100 10 

3,600 3,600 52 3.6 
7 30 0 46 5 - 2  

13,000 13,000 7 7 -  6.7 
26,600 74 5.2 28,270 

2,200 
1,400 
1,300 
1,400 

430 
1,100 

590 
5 30 

8,950 

2,100 
0 

1,100 
360 

0 
1,100 

110 
530 

5,300 

96 
97 
95 
94 

100 
100 
100 
100 

97 
- 

3.0 
3.0 
2 .3  
2 .0  
3.0 
3.0 
2.2 
2.2 
2.5 
- 

'Total l o a d  f r o m  Hydrologic Area (met r ic  t o n s / y r )  

2 P o r t i o n  o f  t o t a l  load  t h a t  w a s  monitored (metric t o n s / y r )  
* 10-1 metric tons/km / y r )  P o i n t  s o u r c e s  t o  t h e  Indiana Harbor Canal and Bums Di tch  

3Percent  o f  t o t a l  load from d i f f u s e  s o u r c e s  ( n m p o i n t )  

4 T o t a l  d i f f u s e  unit .  a ea l o a d  ( k g / h e c t a r e / y r  o r  2 
are cons idered  d i r e c t ;  see page 87.  



Table 7 

HYDROLOGIC AREA I,OADS 

LAKE HURON 

Hydrologic Area T o t a l  Nitrogen 1975 

Number N a m e  

3.1.1 L e s  Cheneaux Complex 
3.1.2 Cheboygan R ive r  
3 .1 .3  Presque Isle Complex 
3.1.4 Thunder Bay River  
3.1.5 Au Sable  and Alcona Complex 
3.1.6 Rif le-Au Gres Complex 

River Basin Group 3 . 1  T o t a l  

3.2.1 Kawkawlin Complex 1,100 580 96 10 970 0 95 9.2 
3.2.2 Saginaw River  18,000 18,000 81  9 .3  17,000 17,000 79 8 .1  
3.2.3 Thumb Complex 5,800 2,100 100 16 6,100 870 100 1 7  - 

River Basin Group 3.2 T o t a l  24,800 20,680 86 10 24,070 17,870 a5 9 .7  

'Total l oad  from Hydrologic  Area (metric t o n s / y r )  

2Por t ion  o f  t o t a l  l o a d  t h a t  w a s  monitored (metric t o n s / y r )  

3Percent of  t o t a l  l o a d  from d i f f u s e  sou rces  (nonpointy 

'Total d i f f u s e  u n i t  area load  ( k g / h e c t a r e / y r  o r  
1 n-1 i u  m e t r i c  tons/kiii2jyrj 



Table  7 

HYDKOLOGIC AREA LOADS 

LAKE ERIE  

cn 
W 

Hydrologic Area 

Number 

4.1.1 
4.1.2 
4.1.3 
4.1.4 
4.1.5 
4.1.6 
4.1.7 

Name 

Black River 
S t .  Clair Complex 
C l in ton  River  
Rouge Complex 
Huron River  
Swan Creek Complex 
Ra i s in  River  
River Basin Group 4 . 1  T o t a l  

4 . 2 . 1  O t t a w a  River  
4.2.2 Maumee River  
4.2.3 Toussaint-Portage Complex 
4.2.4 Sandusky River  
4.2.5 Huron-Vermilion Complex 

River Basin Group 4 . 2  T o t a l  

4.3.1 Black-Rocky Complex' 
4.3.2 Cuyahoga River  
4.3.3 Chagrin Complex 
4.3.4 Grand River  
4.3.5 Ashtabula-Conneaut Complex 

River Bas in  Group 4 . 3  T o t a l  

4 .4 .1  Erie-Chautauqua Complex 
4.4.2 Cat ta raugus  Creek 
4.4.3 Tonawanda t.omplex 

River Basin Group 4.4 T o t a l  

T o t a l  Nitrogen 1975 

T o t a l  Monitored2 Dif- Unit  
Load Load fuse Area 

3 
4 % 

1,100 
800 

2 , 500 
620 

1 , 200 
170 

5 , 300 
11 , 770 

1 , 100 98 5.9 
0 98 5 .9  
0 4 7  5.9 

580 1 7  .57 
1,200 36 2.0 

0 100 2.0 
0 

2 , 880 72 6 . 3  
88 1 4  - -- 

1,700 0 99 27  
48,000 48 , 000 96 27  

7 , 300 6 , 900 96 18  
96 14  3 , 900 2 , 700 

66 , 200 60 , 800 96 23 

5 , 300 3,200 95 19 

- _ _ _  

16,000 8,300 97 67 
4,800 4,800 . 50 10 
1 , 100 970 98 1 4  
2,900 0 100 1 4  

98 1 4  1,200 0 
26 , 000 14  , 070 88 2 7  

- _ _  

2 , 200 0 97 13  
1 , 800 1,800 98 1 2  

94 1 2  3,700 0 
7,700 1 , 800 96 1 2  

- -  

I 

T o t a l  Ni t rogen  1976 
-3 

4 A 
To t a l  Monitored2 Dif- Uni t  

Load Load f u s e  Area 

1 

I Tota l  l oad  from Hydrologic Area (me t r i c  t o n s / y r )  

2Por t ion  of t o t a l  l o a d  t h a t  w a s  monitored (metric t o n s / y r )  

Pe rcen t  o f  t o t a l  l o a d  from d i f f u s e  s o u r c e s  (nonpofnt )  

4To ta l  d i f f u s e  u n i t  area l o a d  ( k g / h e c t a r e / y r  or 
10-1 m e  t r i c  t o n s  / km2 / y 1: ) 



Table  7 

Hydrologic Area 

Number N a m e  

HYDROLOGlC AREA 1,OADS 

LAKE ONTARIO 

T o t a l  Ni t rogen  1975 

T o t a l  Monitored Dif- Uni t  
Load Load f u s e  Area 

3 
4 2 x  

5.1.1 Niagara-Orleans Complex 
5 .1 .2  Gcnesee Rl.ver 

River  Basin Group 5 . 1  T o t a l  

5 .2 .1  Wayne-Cayuga Complex 
5.2.2 Oswego River 
5 . 2 . 3  Salmon Complex 

R ive r  Basin Group 5.2 T o t a l  

2,800 0 66 6.8 
5,300 4,800 88 __ 6.8 
8,100 4,800 80 6 .8  

880 0 97 6.8 
8,400 8,400 23 1 . 5  

6 80 0 98 2 . 8  
9,960 8,400 35 2.0 

- 

5 .3 .1  Black River 
5 .3 .2  Perch Complex 
5 .3 .3  Oswagatchie River 
5 .3 .4  Grass-Raquette-St. Regis Comp. 

River  Basin Group 5 . 3  T o t a l  

2,200 2,200 94 4.0 
510 0 100 4.0 

1,400 1 ,400  97 3.2 
3.2 L- 2 400 94 __ 2,800 

6,910 6,000 95 3.5 

To ta l  Nitrogen 1976 
v3 

4 /e 2 
T o t a l  Monitored Dif- Un i t  

Load Load f u s e  Area 

3,600 0 74 9 .9  
9 .9  

11,100 6,900 86 9.9 
- 91 - 7,500 6,900 

1,300 
12,000 

1,300 
14,600 

0 

0 
12,000 

12,000 

98 9.9 
47  4.4 
99 5.2 
56 4.9 

3,200 
760 

1,900 
3,700 
9,560 

3,200 
0 

1 ,900  
2,300 
7,400 

98 6 . 1  
100 6 .1  

98 4 .2  
4 . 3  94 

96 4.9 
- 

'Total l o a d  from Hydrologic Area (me t r i c  t o n s / y r )  

2 P o r t i o n  of  t o t a l  l oad  t h a t  was monitored (me t r i c  t o n s / y r )  

3Percent  of t o t a l  l oad  from d i f f u s e  s o u r c e s  (nonpo in t )  

4Tota!. d i f f u s e  u n i t  azea  l o a d  ( k g / h e c t a r e / y r  o r  
10-1 m e  t r i c  t o n s  / kmL / y r ) 



Table  7 

HYDROLOGIC AREA LOADS 

LAKE SUPERIOR 

Hydrologic Area 

Number N a m e  

1.1.1 Super io r  Slope Complex 
1 .1 .2  S a i n t  Louis River  
1 . 1 . 3  Apos t le  I s l a n d  Complex 
1 .1 .4  Bad R ive r  
1 .1 .5  Montreal River Complex 

River  Basin Group 1.1 T o t a l  

1 . 2 . 1  Porcupine Mountains Complex 
1 .2 .2  Ontonagon River 
1 .2 .3  Keweenaw Peninsula  Complex 
1 .2 .4  Sturgeon River  
1 .2 .5  Huron Mountain Complex 
1 .2 .6  Grand Marais Complex 
1 .2 .7  Tahquamenon River 
1 .2 .8  S a u l t  Complex 

R ive r  Basin Group 1 . 2  T o t a l  

Nitrate (Ni t r i t e )  N 1975 
3 

4 % 1 T o t a l  Monitored2 Dif- Unit  
Load Load f u s e  Area 

820 670 100 1 . 4  
880 880 90 .83 
210 7 1  100 .40 
120 120 100 . 4 7  

a4  70 80 .86 
2,114 1 ,811  95 .84 

-- 

160 81 62 -34 
140 140 100 .39 
140 0 99 .39 

98 98 100 .54 
120 64 8 1  .39 
220 84 100 . 7 1  

74 74 90 .30 
52 

1 ,004  
29 - 100 - . 7 1  

5 70 91  .45  
- 

T o t a l  l o a d  from Hydrologic Area (me t r i c  t o n s / y r )  1 

N i t r a t e  ( N i t r i t e )  N 1976 

4 6 
T o t a l  Monitored’ D i f -  Uni t  

Load Load f u s e  Area 

600 37 100 1 . 0  
230 230 61  .15 
210 72 100 . 4 1  
100 100 100 .40 

64 
1,204 

74 
494 9 1  

- 55 - . 61  
.46 

130 
140 
140 

64 
110 
220 
85 
- 52 
941 

2 2  
140 

0 
64 
25 

0 
85 
0 
3 3.6 

50 
100 

99 
100 

78 
100 

91  
- 100 

90 

.24 

.38 

.39 

.35 

.39 

.71  

.37 
.75 
.42 

3Percent of t o t a l  l oad  from d i f f u s e  s o u r c e s  (nonpo in t )  

2 P o r t i o n  of t o t a l  l oad  t h a t  w a s  monitored (metric t o n s / y r )  ‘Total  d i f f u s e  u n i t  area load  ( k g / h e c t a r e / y r  o r  
10-1 m e  t r i c t o n s  / km2 / y r ) 



Table 7 

HYDROLOGIC AREA LOADS 

1.AKE MICHIGAN 

Hydrologic Area 

Number 

2.1.1 
2 . 1 . 2  
2.1.3 
2 .1 .4  
2.1.5 
2.'1.6 
2 .1 .7  

N a m e  

Menominee Complex 
Menominee River 
Pesh t igo  River 
Oconto River  
Suamico Comp-lex 
Fox River 
Green Bay Complex 
River Basin Group 2 . 1  T o t a l  

* 2 . 2 . 1  Chicago-Milwaukee Complex 

2.3.1 S a i n t  Joseph River 
2.3.2 Black River (S. Haven) Complex 
2.3.3 Kalamazoo River 
2.3.4 Black River (Ottawa Co.) Comp. 
2.3.5 Grand River 

River  Basin Group 2 .3  T o t a l  

2 .4 .1  
2 .4 .2  
2.4.3 
2 .4 .4  
2.4.5 
2.4.6 
2 .4 .7  
2.4.8 

Muskegon River  
Sable  Complex 
Manistee River  
Traverse  Complex 
Seul  Choix-Groscap Complex 
Manistique River  
Bay D e  Noc Complex 
Escanaba River 
R ive r  Basin Group 2.4 T o t a l  

1 

N i t r a t e  ( N i t r i t e )  N 1975 
3 

2 %  4 Tot a1 Monitored Dif- Unit  
Load Lo ad f u s e  Area 

7 1  
450 
320 
190 
170 
940 

1,100 
3,241 

31 100 
450 91  
320 100 
190 99 

59 100 
940 29 
5 80 94 

2,570 76 
__ 

.26 

.39 

. 7 2  

.16 

.56 

1.1 

1 . 3  

1 . 6  

2,300 1,100 90 3.6 
~ 

4,300 4,300 79 2 . 8  
310 250 100 3.4 

1,800 1 ,800  73 2.6 
240 0 73 2.6 

5,500 5,500 - 78 2.9 
12,150 11,850 78 2.8 

- 

580 
300 
450 
460 

99 
2 60 
170 

2,359 
140 - 

4 70 94 
0 98 

450 96 
110 95 

0 100 
260 100 

0 100 
140 

1,430 97 

.64 

.64 

.84 

.65 

.69 

.69 

.57 

.57 

.67 

N i t r a t e  ( N i t r i t e )  N 1976 

1 z3 4 Monitored' D i f -  Un i t  
Load ( Load f u s e  Area 

64 2 8  100 .23  
410 410 90 .35 
2 30 2 30 100 .75 
170 170 99 .66 

68 24 100 .54 
370 310 0 

T o t a l  

- 
1,800 990 97 2.8 
3,112 2,162 86 .61 

2,700 1 ,300  92 4.4 

6,000 6,000 85 4-2  
220 0 100 2.4 

1,800 1 ,800  7 1  2.4 
220 0 72 2.4 

5,700 5,700 7 8 -  3.0 
13,940 13,500 80 3 .3  

790 770 96 1.1 
490 0 99 1.1 
490 440 97 - 9 1  
580 150 94 .83 

95 0 100 .67 
250 250 100 .67 
130 25 100 .50 
120 120 100 .50 

2,945 1 ,755  93 .81  

L Tota l  l o a d  from Hydrologic Area (metric t o n s / y r )  3Percent o f  t o t a l  load  from d i f f u s e  s o u r c e s  ( n m p o i n t )  
~ 

4 T o t a l  d i f f u s e  unit. -7 ea l o a d  ( k g / h e c t a r e / y r  o r  5 2Por t ion  of  t o t a l  l oad  t h a t  w a s  monitored (metric t o n s / y r )  
* 10-1 m e t r i c  tons/km / y r )  ?nint S"grr,Ps tc! t he  I??diana uar??or Can2l 2nd Rllrns Di tch  

a r e  considered d i r e c t ;  s ee  page 87 .  



Table 7 

HYDROLOGIC AREA 1,OADS 

LAKE HURON 

Hydrologic Area 

Number N a m e  

3.1.1 Les  Cheneaux Complex 
3 .1 .2  Cheboygan R ive r  
3.1.3 Presque Isle Complex 
3.1.4 Thunder Bay River 
3.1.5 
3.1.6 Rif le-Au Gres Complex 

Au Sable  and Alcona Complex 

River  Basin Group 3.1 T o t a l  

3.2.1 Kawkawlin Complex 
3.2.2 Saginaw River 
3.2.3 Thumb Complex 

River  Basin Group 3.2 T o t a l  

Nitrate ( N i t r i t e )  N 1975 
~ 

%3 4 T o t a l  Monitored' D i f -  Uni t  
Load Load f u s e  Area 

110 2 7  100 .38 
110 100 100 . 2 6  

99 25 100 .68 
7 1  7 1  100 .22 

140 130 100 .24 

960 753 99 .46 
98 1 . 5  430 400 - 

490 320 96 4 .7  
-2,000 12,000 92 6 .8  

100 13 - -  4,800 1,800 
-7,290 14,120 94 7 . 8  

Ni t ra te  ( N i t r i t e )  N 1976 

%3 4 
Monitored2 Dif- Unit 

Load Load f u s e  Area 

63  15 100 . 2 1  
120 120 100 .29 

99 0 100 .68 
49 49 100 .15 

15  0 140 100 . 2 7  
470 270 - 98 1 .6  
951 594 99 .46 

1 T o t a l  

460 0 96 4.4 
8,900 8,900 88 4.9 
4,700 660 100 13 

14,060 9,560 92  6.2 

'Total l o a d  from Hydrologic Area (me t r i c  t o n s / y r )  

2 P o r t i o n  of t o t a l  l oad  t h a t  w a s  monitored (me t r i c  t o n s / y r )  

3Percent  of t o t a l  l o a d  from d i f f u s e  s o u r c e s  (nonpoin t r  

4 T o t a l  d i f f u s e  u n i t  area load  ( k g / h e c t a r e / y r  o r  
2 10-1 m e t r i c  tons/km /yr) 



Table  7 

HYDROLOGIC AREA LOADS 

LAKE E R I E  

Hydrologic Area 

Number Name 

4 . 1 . 1  Black River 
4 . 1 . 2  S t .  C la i r  Complex 
4.1.3 C l in ton  River  
4.1.4 Rouge Complex 
4.1.5 Huron River  
4.1.6 Swan Creek Complex 
4.1.7 Ra i s in  River  

River Basin Group 4 . 1  T o t a l  

4 . 2 . 1  O t t a w a  River  
4.2.2 Maumee River  
4 .2 .3  Toussaint-Portage Complex 
4 .2 .4  Sandusky River  
4.2.5 Huron-Vermilion Complex 

River Basin Group 4 . 2  T o t a l  

4 .3 .1  Black-Rocky Complex 
4.3.2 Cuyahoga River  
4 .3 .3  Chagrin Complex 
4.3.4 Grand River  
4 .3 .5  Ashtabula-Conneaut Complex 

River Bas in  Group 4 .3  T o t a l  

4 .4 .1  Erie-Chautauqua Complex 
4.4.2 Cat ta raugus  Creek 
4.4.3 Tonawanda Complex 

River Basin Group 4.4 T o t a l  

Nitrate ( N i t r i t e )  1975 
3 

4 % 
T o t a l  Monitored2 Dif- Uni t  

Load Load f u s e  Area 

710 710 98 3.9 
5 80 0 94 3 .9  

1,300 0 60 3.9 
290 180 98 1 . 5  
45 0 450 33 .68 

58 0 100 .68 
94 1 2  - _ _ _  4,200 0 

7,588 1,340 85 4 .8  

1 ,500  0 100 23 
41,000 41,000 98 23 

4,800 2,900 98 18  
6,500 6,200 98 1 6  

98 10 
56,700 52,000 98 20 

-~ 2,900 1,900 

12,000 
2,600 

5 70 
1,500 

660 
17,330 

6,200 98 5 1  
2,600 64 7.2 

5 10 98 7.3 
0 100 7 .3  

98 7 .3  0 _ _ -  
9,310 93 1 9  

1,200 0 98 7 . 0  
1,000 1,000 98 7 .0  

96 7.0 
4,300 1,000 97 7.0 

-- 2,100 0 

N i t r a t e  ( N i t r i t e )  1976 
-3  

4 70 
T o t a l  Monitored2 Dif- Uni t  

Load Load fuse Area 

T o t a l  l oad  from Hydrologic Area (me t r i c  t o n s / y r )  3Percent  of  t o t a l  l oad  from d i f f u s e  s o u r c e s  (nonpofnt) 

2 P o r t i o n  of t o t a l  l o a d  t h a t  was monitored ( m e t r i c  t o n s / y r )  'Total  d i f f u s e  u n i t  area l o a d  ( k g / h e c t a r e / y r  O r  

10-1 m e  t r i c  t ons l  km2 / y r  1 



Hydrologic Area Ni t ra te  ( N i t r i t e )  N 1975 
3 2 %  

T o t a l  Monitored Dif- Unit  
Number Name Load Load f u s e  Area 

5.1.1 Niagara-Orleans Complex 1 , 2 0 0  0 76 3.4 

River  Basin Group 5.1 T o t a l  3,800 2 ,400 86 3.4 

5 . 2 . 1  Wayne-Cayuga Complex 440 0 98 3.4 
5.2.2 Oswego River 3,500 3 ,500 49 1 . 3  

2 . 8  

5.1.2 Genesee River  2,600 2 ,400 90 3.4 

5 . 2 . 3  Salmon Complex 7 00 0 9 9 -  
R i v e r  Basin Group 5.2 T o t a l  4 , 6 4 0  3,500 6 1  1 . 7  

5 .3 .1  Black River 2 , 3 0 0  2,300 98 4 . 4  
5.3 .2  Perch Complex 550 0 100 4 . 4  
5 . 3 . 3  Oswagatchie River  610 610 97 1 . 4  
5 . 3 . 4  Grass-Raquette-St. Regis Comp. L 1 6 0 0  ~- 1 , 4 0 0  9 4  1.8 

Rive r  Basin Group 5 . 3  T o t a l  5 , 0 6 0  4 ,310 97 2 .6  

'Total l o a d  from Hydrologic Area (met r ic  t o n s / y r )  

'Por t ion  o f  t o t a l  load  t h a t  w a s  monitored ( m e t r i c  t o n s / y r )  

'Percent nf t o t a l  l o a d  from d i f f u s e  s o u r c e s  (nonpo in t )  

4 T o t a l  d i f f u s e  u n i t  area load  ( k g / h e c t a r e / y r  o r  
10-1 m e t r i c  tons  / km2/yr) 

N i t r a t e  ( N i t r i t e )  N 1 9 7 6  
3 

4 x 
T o t a l  Monitored Dif -  Unit 

Load Load f u s e  Area 

1,800 0 8 4  5.6 
9 4  5 .6  

5,900 3 ,800 9 1  5 . 6  

710 0 9 9  5 .6  
5,900 5 , 9 0 0  7 0  3 .2  

810 0 9 9  3 .3  
7,420 5 , 9 0 0  7 6  3.4 

1,800 1 , 8 0 0  98  3.5 
440 0 100 3.5 
460 460 9 6  1.0 

2.2 1 , 2 0 0  - 1 900 
4,600 3,460 97  2 - 4  

4,100 3 ,800 - 

- 

- 96 L 



-~ 
Hydrologic Area 

Numb e r N a m e  

1.1.1 Super io r  Slope Complex 
1 . 1 . 2  S a i n t  Louis River  
1 .1 .3  Apostle I s l a n d  Complex 
1.1.4 Bad River  
1 .1 .5  Montreal River Complex 

River Basin Group 1.1 T o t a l  
~~ 

1 .2 .1  Porcupine Mountains Complex 
1 . 2 . 2  Ontonagon River  
1 . 2 . 3  Keweenaw Pen insu la  Complex 
1 .2 .4  Sturgeon River  
1 . 2 . 5  Huron Mountain Complex 
1 .2 .6  Grand Marais Complex 
1 .2 .7  Tahquamenon River 
1 . 2 . 8  S a u l t  Complex 

River Basin Group 1 . 2  T o t a l  

Table 7 

HYDROLOGIC AREA LOADS 

LAKE SUPERIOR 

Ammonia N 1975 
3 

4 % T o t a l  1 Monitored2 Dif- Unit 

f u s e  Area 

240 190 100 .40 
2 80 280 62 .19 
2 30 78 100 .44  

85 85 100 .33 
42 38 58 .28 

8 7 7  671 86 .31  

Load Load 

- - - - 

31 
150 
154 

29 
250 

37 
19  
18 

688 
- 

24 
150 

0 
29 

140 
14 
19 
1 4  

390 
- 

76 .08 
100 .43 

99 .43 
100 .16 

74 .73 
100 * 1 2  

54 .05 
100 . 1 2  

88 .30 
- - 

Ammonia N 1976 
3 

4 % 
Monitored’ Dif- Unit  

Load Load f u s e  Area 

140 0 100 . 2 4  
120 120 8 .01 
130 44 100 .25 

64 64 100 .25 
1 3  1 3  0 

467 241 74 .14  

1 T o t a l  

- - - - - 

32 
74 
74 
1 2  

180 
28 
15  
1 3  

428 
- 

2.9 
74 
0 

1 2  
98 

0 
1 5  

0 
202 
- 

26 
98 
98 

100 
65 

100 
43  

100 
77 

.03 

. 2 1  

. 2 1  

.07 

.36 

.09 
-03  
.19 
-16 
- 

T o t a l  l oad  from Hydrologic Area (me t r i c  t o n s / y r )  3Percent of t o t a l  l o a d  from d i f f u s e  s o u r c e s  (nonpo in t )  

4To ta l  d i f f u s e  u n i t  area l o a d  ( k g / h e c t a r e / y r  o r  

1 

2 P o r t i o n  of t o t a l  l oad  t h a t  w a s  monitored ( m e t r i c  t o n s / y r )  
10-1 m e t r i c  tons/km2 / y r )  



Table 7 

HYDROLOGIC AREA LOADS 

LAKE MICHIGAN 
- 

Hydrologic Area 

Number Name 

2.1.1 Menominee Complex 
2.1.2 Menominee River 
2.1.3 P e s h t i g o  River 
2.1.4 Oconto River 
2.1.5 Suamico Cornpaex 
2.1.6 Fox River 
2.1.7 Green Bay Complex 

River Basin Group 2.1 T o t a l  

* 2.2.1 ChicageMilwaukee Complex 

2.3.1 S a i n t  Joseph River  
2.3.2 Black River (S.Hauen) Complex 
2.3.3 Kalamazoo River 
2.3.4 Black River ( O t t a w a  Co.) Comp. 
2.3.5 Grand River 

River Basin Group 2.3 T o t a l  

2.4.1 
2.4.2 
2.4.3 
2.4.4 
2.4.5 
2.4.6 
2.4.7 
2.4.8 

Muskegon River 
S a b l e  Complex 
Manistee River 
T r a v e r s e  Complex 
S e u l  Choix-Groscap Complex 
Manist ique River 
Bay D e  Noc Complex 
Escanaba River 
R i v e r  Basin Group 2.4 T o t a l  

Ammonia N 1975 

2 %3 4 T o t a l  Monitored Dif- U n i t  
Load Load f u s e  Area 

49 22 100 .18 
240 240 81 .18 

80 80 100 .27 

95 33 100 .76 
740 740 0 0 

180 __ .34 75 - 280 
2,584 2 ,395 \  66 .39 

1,100 1,100 100 4.2 

6 30 2 60 65 .73  

- 390 390 0 
47 3 7  100 . 5 1  

250 250 0 0 
280 0 12  .51  
980 980 __ 0 .18 

1,947 1,657 1 7  .09 
- 

50 
96 

150 
130 

34 
90 

140 
110 
800 

49  42 
0 75 

150 98 
50 7 1  

0 100 
90 100 

0 100 
110 100 
449 88 

.03 

.16 

.29 

.14 

.24 

.24 

.47 

.47 

. 2 1  
- 

Ammonia N 1976 
3 

4 % 
T o t a l  1 Monitored' D i f -  Uni t  

Load Load f u s e  Area 

52 23 100 .19 
43 43 0 0 
73 73 100 .24 

750 750 100 2 . 8  
72 25 100 .58 

710 710 0 0 

1,950 1,784 58 .26 

240 43 9 .04 

250 160 71- .29 

580 '580 0 0 
47 0 100 - 5 1  

180 180 0 0 
160 0 21 - 51 

0 - 1,400 1,400 0 
2,367 2,160 3 -02 

86 85 53  -06 
53  0 55 .) 06 
8 2  74 97 -15 

220 70 82 -27 
25 0 100 -17 
65 65 100 - 1 7  
36 3 . 6  100 .15 

.15 36 36 100 
603 334 82 .14 

- - 

'Total l o a d  from Hydrologic Area (metric t o n s / y r )  

2Por t ion  of  t o t a l  load  t h a t  w a s  monitored (metric t o n s / y r )  
* 10-1 metric tons/km / y r )  Point  sources t o  t h e  Indiana Harbor Canal and Bums Ditch 

3 P e r c e n t  o f  t o t a l  l o a d  from d i f f u s e  s o u r c e s  (nnnpoin t )  

4 T o t a l  d i f f u s e  unit. a5ea l o a d  ( k g / h e c t a r e / y r  o r  

a r e  cons idered  d i r e c t ;  see page 87. 



Table  7 

HYDROLOGIC AREA LOADS 

LAKE HURON 

Hydrologic Area 

Number Name  
3.1.1 Les  Cheneaux Complex 
3.1.2 Cheboygan River  
3.1.3 Presque Isle Complex 
3.1.4 Thunder Bay River 
3.1.5 Au Sab le  and Alcona Complex 
3.1.6 Rifle-Au Gres Complex 

River Bas in  Group 3.1 T o t a l  

3.2.1 Kawkawlin Complex 
3.2.2 Saginaw River 
3.2.3 Thumb Complex 

River Bas in  Group 3.2 T o t a l  

Ammonia N 1975 

%3 4 T o t a l  Monitored2 Dif- Uni t  
Load Load f u s e  Area 

99 23 100 .32 
32 30 100 .08 
16 4 . 2  100 . 11 
39 39 100 . 1 2  
27  24 100 .05 

.13 48 45 75  
261 165 95 . 1 2  

__ - - 

32 2 1  93 .33  
2,000 2,000 19  .23  

130 50 2x2 & 
2,162 2,071 24 .25 

Ammonia N 1976 

%3 4 Monitored2 Dif- Unit 
Load Load f u s e  Area 

69 0 100 .23 
19 18 100 .04 
1 2  0 100 .07 
1 2  1 2  100 .04 
29 26 100 .05 

1 T o t a l  

35 
176 
- - 1 7  66 

73 93 .08 

44 0 51  .22  
1 ,400  1,400 9 -08 - 24 
1,564 1 , 4 4 4  1 7  .13 

- 120 44 - 97 

T o t a l  l o a d  from Hydrologic  Area (me t r i c  t o n s / y r )  3Percent of t o t a l  l o a d  from d i f f u s e  s o u r c e s  ( n o n p o i n t j  

4 T o t a l  d i f f u s e  u n i t  area load  ( k g / h e c t a r e / y r  o r  

1 

2Por t ion  of t o t a l  l oad  t h a t  w a s  monitored (me t r i c  t o n s / y r )  
3 metric t o n s  iirm-i y r j 10- 1 



Table  7 

HYDROLOGIC AREA LOADS 

LAKE E R I E  

Hydrologic Area 

Number Name 

4 .1 .1  Black River 
4.1.2 S t .  Clair  Complex 
4 .1 .3  C l in ton  River 
4.1.4 Rouge Complex 
4.1.5 Huron River 
4.1.6 Swan Creek Complex 
4.1.7 Ra i s in  River 

River Basin Group 4 . 1  T o t a l  

4.2.1 O t t a w a  River  
4.2.2 Maumee River 
4.2.3 Toussaint-Portage Complex 
4.2.4 Sandusky River 
4.2.5 Huron-Vermilion Complex 

River Basin Group 4.2 T o t a l  

4.3.1 Black-Rocky Complex 
4.3.2 Cuyahoga River  
4.3.3 Chagrin Complex 
4.3.4 Grand River 
4.3.5 Ashtabula-Conneaut Complex 

River Basin Group 4 .3  T o t a l  

4.4.1 Erie-Chautauqua Complex 
4.4.2 Cat ta raugus  Creek 
4 .4 .3  Tonawanda Complex 

River Basin Group 4 .4  T o t a l  

- - Ammonia 1975 
01 3 

4 /e 

T o t a l  Monitored’ D i f -  Unit 
Load Load f u s e  Area 

4 7  
37 

650 
2 30 
2 70 

12  

1,586 
340 - 

47  73 .19 
0 75 .19  
0 58 .19 

230 0 - 
2 70 0 - 

0 100 .14  
0 __ 1 4  .14 

54 7 10 . 1 2  

1 2  0 47  .09 
1 , 100 1 y 100 1 3  .09 

83  78 0 - 
260 250 52 .34 
110 89 - 4 7  .19 

1 565 1,517 2 2  .13 
- 

~ ~~ 

1,200 600 78 4.0 
620 620 0 

95 87 88 1.1 
2 30 0 99 1.1 

90 1.1 110 0 
2 , 255 1,307 60 1 . 6  

- 

- -  

220 
180 
4 30 
830 

0 84 1.1 
180 87 1.1 

76 1.1 0 
180 80 1.1 

- - 

Ammonia 1976 
-3 

4 2 ”  
T o t a l  Monitored Dif- Unit  

Load Load f u s e  Area 

1 
I Tota l  l oad  from Hydrologic Area (me t r i c  t o n s / y r )  3Percent of t o t a l  l oad  from d i f f u s e  s o u r c e s  ( n o n p o i n t )  

’Portion of t o t a l  l oad  t h a t  was monitored (me t r i c  t o n s / y r )  4To ta l  d i f f u s e  u n i t  a r e a  l o a d  ( k g / h e c t a r e / y r  o r  
10-1 metric tons/kmz/yr) 



Table  7 

Hydrologic Area 

HYDROLOGIC AREA LOADS 

LAKE ONTARIO 

Ammonia N 1975 
e, 3 

2 / ”  4 I T o t a l  Monitored D i € -  Uni t  
Number Name Load Load f u s e  Area 

5 .1 .1  Niagara-Orleans Complex 
5.1.2 Genesee River 

River  Basin Group 5 . 1  T o t a l  

5 . 2 . 1  Wayne-Cayuga Complex 
5.2.2 Oswego River 
5 .2 .3  Salmon Complex 

R ive r  Basin Group 5.2 T o t a l  

660 0 1 7  .42 
590 500 49 __ . 4 2  

1 , 250 500 32 .42 

64 0 83 . 4 2  
1 , 200 1 , 200 0 

0 95 .52 
1 , 394 1 ,200  1 3  .ll 

- 

- 
~- 130 

5 .3 .1  Black River 
5.3.2 Perch Complex 
5 .3 .3  Oswagatchie River 
5.3.4 Grass-Raquette-St. Regis Comp. 

River  Basin Group 5.3 T o t a l  

3 30 330 83 .52 
65 0 100 .52 

140 140 88 .30  
180 58 . 0 7  240 

775 650 77 .32 
~- - 

Ammonia N 1976 -~ 
3 

4 x 
T o t a l  Monitored Dif- Uni t  

Load Load f u s e  Area 

7 30 0 25 .68 
780 670 - 61 .68 

1,510 670 43 .68 
- 

97 0 89 .68 

.09 29  0 78 
1,926 1 , 800 6 .06 

- 1 , 800 1 , 800 0 
- - 

86 86 57 .09 
1 2  0 100 .09 

100 100 79 .18 
. 13  210 170 - 52 

408 356 61  .13  
- 

Tota l  l o a d  from Hydrologic Area ( m e t r i c  t o n s / y r )  

P o r t i o n  of t o t a l  load  t h a t  w a s  monitored ( m e t r i c  t o n s / y r )  

Pe rcen t  o f  t o t a l  l oad  from d i f f u s e  s o u r c e s  (nonpoin t )  

‘Total d i f f u s e  u n i t  area l o a d  ( k g / h e c t a r e / y r  o r  2 

10-1 m e t r i c  t o n s  /kmz /y r ) 



Table 7 

Hydrologic Area 

HYDROLOGIC AREA LOADS 

LAKE SUPERIOR 

Chlor ide  1975 I Chloride 1976 

Numb e r N a m e  

1.1.1 Super io r  Slope Complex 
1 .1 .2  S a i n t  Louis River  
1.1.3 Apos t l e  I s l a n d  Complex 
1.1.4 Bad R ive r  
1.1.5 Montreal River  Complex 

River  Bas in  Group 1.1 T o t a l  

3 
4 x 3 

Monitored' Dif- Unit  
Load Load f u s e  Area Load Load f u s e  Area 

1 x 
T o t a l  1 T o t a l  Monitored2 Dif- Uni t  

8,800 7,100 100 15 5,900 360 100 10 
25,000 25,000 93 25 14,000 14,000 85 1 4  

2,800 940 100 5 .4  2,000 700 100 4.0 
2,400 2,400 100 9 . 1  1,600 1,600 100 6 . 1  
1,400 1,200 72 1 3  1 ,300  1,100 69 11 

Tq-mD 36, G40 94 16  25,200 17,760 90 9 :5 
- - -  

1 .2 .1  Porcupine Mountains Complex 
1 .2 .2  Ontonagon River 
1 . 2 . 3  Keweenaw Pen insu la  Complex 
1 .2 .4  Sturgeon River  
1 .2 .5  Huron Mountain Complex 
1 .2 .6  Grand Marais Complex 
1 .2 .7  Tahquamenon River 
1.2.8 S a u l t  Complex 

River Basin Group 1 . 2  T o t a l  

36,000" 
3,700 
2,400 
2,000 
3,000 
2,600 
1 ,700  

880 
52,280 

2 , 600 
3,700 

0 
2,000 
2,000 
1,000 
1,700 

610 
13,610 

9 
99 
98 

100 
56 

100 
88 

100 
34 
- 

1 2  
10  

11 
6.7 

6.7 
8.4 
6.8 
8 . 4  
9.0 
- 

36,000" 
3,400 
6,200 
1 , 300 
5,700 
1 ,700  
1,600 

560 
56 ,400  

820 
3,400 

0 
1,300 
1,800 

0 
1,600 

0 
8,920 

8 
99 

100 
100 

77 
100 

89 
100 

39 
- 

11 
10 
18 

18 
7 . 1  

5.4 
6.6 
8 .1  - 

11 

* 
33,000 Metr ic  Tons/Yr from po in t  
s o u r c e s  on t h e  Mineral River 

%otal l o a d  from Hydrologic Area (met r ic  t o n s / y r )  
2 

3Percent of t o t a l  l o a d  from d i f f u s e  s o u r c e s  (nonpo in t )  

4 T o t a l  d i f f u s e  u n i t  area load  ( k g / h e c t a r e / y r  or  P o r t i o n  of t o t a l  l oad  t h a t  w a s  monitored ( m e t r i c  t o n s / y r )  
1.0-1 m e t r i c  t o n s  / km2 / y r 



Table 7 

HYDROLOGIC AREA LOADS 

LAKE MICHIGAN 

Hydrologic Area 

Number Name  

2 . 1 . 1  Menominee Complex 
2.1.2 Menominee River  
2 .1 .3  Pesh t igo  River  
2.1.4 Oconto River 
2 .1 .5  Suamico Complex 
2.1.6 Fox River 
2 . 1 . 7  Green Bay Complex 

River  Basin Group 2 . 1  T o t a l  

* 
2.2.1 Chicago-Milwaukee Complex 

2 .3 .1  S a i n t  Joseph River  
2.3.2 Black River  (S.Haueo1 Complex 
2.3.3 Kalamazoo River  
2.3.4 Black River  ( O t t a w a  Co.) Comp. 
2.3.5 Grand R ive r  

River  Basin Group 2.3 T o t a l  

2.4.1 Muskegon River  
2.4.2 Sable  Complex 
2.4.3 Manis tee River 
2.4.4 Traverse  Complex 
2.4.5 Seul  Choix-Groscap Complex 
2.4.6 Manistique River 
2.4.7 Bay D e  Noc Complex 
2.4.8 Escanaba River 

River  Bas in  Group 2.4 T o t a l  

Chloride 1975 

2 gd3 4 T o t a l  Mmi to red  Dif- Uni t  
Load Lo ad f u s e  Area 

2,200 980 100 8.2 

2,100 2,100 100 7 . 1  
6,200 6,200 99 24 
1 ,600  580 100 1 3  

3,200 3,200 72 2.2 

51,000 51,000 72 2 1  
23,000 13,000 __ 9 2  35 
89,300 77,060 81  1 7  

59,000 29,000 93 97 

78,000 78,000 7 2  46 
4,300 0 100 46 

60,000 60,000 79 91 
4,200 0 73 46 

97 170,000 170,O.OO 83 
316,500 308,000 80 76 

- 
48,000 
63,000 

-60,000 
11,000 

1,600 
4,100 

13,000 
10,000 
) l o ,  700 

46,000 99 
0 48 

160,000 5 
2,800 93 

0 100 
4,100 100 

0 100 

222,900 40 
10,000 - 100 

67 
67 
15  
15  
11 
11 
44 
44 
3.7. 

- 
Chloride 1976 

O I 3  
4 r6 

Monitored* D i f -  Unit  1 T o t a l  
Load Load f u s e  Area 

1,700 
4,000 

6,300 
3,800 

56,000 
32,000 
35,700 

1,900 

750 
4,000 
1 ,900  
6,300 
1,300 

56,000 
18,000 
88,250 

100 6.2 
7 7  2.9 

100 6.5 
99 25 

100 30 
76 25 
96 50 
85 21 

72,000 36,000 94 120 

57,000 87,000 75 54 
5 000 0 100 54 

57,000 57,000 76 84 

83 
03.700 294.000 79 60 

4,700 0 76 54 
- 81 50,000 150,000 - 

48 a 000 
66 000 
8 7  000 
13,000 

1,500 
3,900 
5,700 
5,100 

30,200 

46 000 
0 

86 000 
3,300 

0 
3,900 
1,100 
5,100 

145,400 

98 
46 
11 
94 

100 
100 
100 
100 

50 
- 

66 
66 
18  
18  
10 
10 
21 
2 1  
34 
- 

'Total l o a d  from Hydrologic Area (me t r i c  t o n s / y r )  

*Por t ion  of t o  t a l  l o a d  t h a t  w a s  monitored (me t r i c  t o n s / y r )  
Poin t  sou rces  t o  t h e  Indiana  Harbor Canal and B u m s  Ditch 

3Percent  o f  t o t a l  load  from d i f f u s e  s o u r c e s  (nonpo in t )  

4 T o t a l  d i f f u s e  unit .  9 ea l o a d  ( k g / h e c t a r e / y r  o r  5 * 
10-1 metric tons/km / y r )  

a r e  cons ide red  d i r e c t ;  s e e  page 87 .  



Table 7 

HYDROLOGIC ARM LOADS 

LAKE HURON 

Hydrologic Area 

Number Name 

3 .1 .1  Les Cheneaux Complex 
3 .1 .2  Cheboygan River 
3.1.3 Presque Isle Complex 
3.1.4 Thunder Bay River 
3.1.5 A u  Sable and Alcona Complex 
3.1.6 Rif le-Au Gres Complex 

River Basin Group 3 . 1  T o t a l  

3.2.1 Kawkawlin Complex 
3.2.2 Saginaw River 
3.2.3 Thumb Complex 

River Basin Group 3.2 T o t a l  

Chlor ide 1975 I Chlor ide 1976 
~~ ~~ ~ ~~ ~~ ~ 

x3 1 %3 4 
Monitored2 Dif- Unit  Monitored2 Dif- Unit  I T o t a l  1 T o t a l  

Load Load f u s e  Area 
4 , 7 0 0  1,100 100 1 6  
6 , 5 0 0  6 ,200 100 1 6  
1 ,100  490 100 7 . 8  
5 , 5 0 0  5 ,500 100 17 

L4,OOO 1 3 , 0 0 0  98 48 
L1,OOO 9,900 100 1 9  

i 2 , 8 0 0  36,190 99 2 1  

Load Load f u s e  Atea 

2,000 460 100 6 .6  
6 ,700 6 , 5 0 0  100 1 6  
1 , 5 0 0  6 70 100 10 
4 ,300 4 ,300 100 1 3  

11,000 10,000 1 0 0  1 9  
17.000 9 ,800 99 - 59 
42,500 31,730 99 22 

7 ,600 0 9 4  72 

74 5 2  000 100 - 140 
67 120 

__ 7 2  1 , 7.300 
00,000 300,000 

34,600 315,100 62 98 379,600 327,300 

5 8  100 320,000 320,000 6 1  120 
A 

7 , 6 0 0  5,100 94 

27 000 10,000 100 __ 

'Total l o a d  from Hydrologic Area (me t r i c  t o n s / y r )  

2 P o r t i o n  of  t o t a l  load  t h a t  w a s  monitored ( m e t r i c  t o n s / y r )  

3Percent  of  t o t a l  l o a d  from d i f f u s e  s o u r c e s  ( n o n p o i n t j  

4 T o t a l  d i f f u s e  u n i t  area load  ( k g / h e c t a r e / y r  or lo-' m e t r i c  tons/km 2 / y r )  



Table  7 

9,600 0 99 150 
2 70,000 270,000 93 150 

32,000 20,000 92 110 

95 92 26,000 17,000 
386,600 354,000 93 130 

53,000 27,000 90 210 
110,000 110,000 79 380 

24,000 22,000 99 310 
66,000 0 100 310 

99 310 
281,000 159,000 90 300 

49,000 47,000 95 120 
- -  

- -  28,000 0 

HYDROLOGIC AREA LOADS 

I 

LAKE E R I E  

Hydrologic Area 

Number Name 

4.1.1 Black River 
4.1.2 S t .  C la i r  Complex 
4 .1 .3  Cl in ton  River  
4.1.4 Rouge Complex 
4 .1 .5  Huron River  
4.1.6 Swan Creek Complex 
4.1.7 Rais in  River  

River Basin Group 4 . 1  T o t a l  

4 .2 .1  O t t a w a  River  
4.2.2 Maumee River 
4 .2 .3  Toussaint-Portage Complex 
4.2.4 Sandusky River 
4.2.5 Huron-Vermilion Complex 

River Basin Group 4.2 T o t a l  

4 .3 .1  Black-Rocky Complex 
4.3.2 Cuyaho ga River  
4 .3 .3  Chagrin Complex 
4.3.4 Grand River 
4.3.5 Ashtabula-Conneaut Complex 

River Bas in  Group 4.3 T o t a l  

4 . 4 . 1  Erie-Chautauqua Complex 
4.4.2 Cat ta raugus  Creek 
4 .4 .3  Tonawanda Complex 

River Basin Group 4.4 T o t a l  

Chlor ide  1975 I Chloride 1976 

z3 4 T o t a l  Monitored2 Dif- Unit  
f u s e  Area - Load Load 

8,100 7,800 97 43 
6,600 0 97 43 

26,000 0 52 70 
29,000 18,000 99 150 
29,000 29,000 74 96 

8,300 0 100 96 
84 96 37,000 0 

144,000 54,800 82 8 7  
- - 

3 
4 x 

Unit 
2 Total. Monitored D i f -  

Load Load f u s e  Area 

12,000 0 94 68 
10,000 10,000 95 68 

90 68 22,000 0 
44,000 10,000 92 68 

-- 

3Percent of  t o t a l  l oad  from d i f f u s e  sou rces  (nonpo in t )  I T o t a l  load from Hydrologic Area (me t r i c  t o n s / y r )  

2Por t ion  of t o t a l  l oad  t h a t  w a s  monitored ( m e t r i c  t o n s / y r )  4To ta l  d i f f u s e  u n i t  area l o a d  ( k g / h e c t a r e / y r  o r  
i 0- 3. m e  t r i c tons  i icm2 / y r j 



Table  7 

Hydrologic Area 

Number N a m e  

5 .1 .1  Niagara-Orleans Complex 
5.1.2 Genesee River  

R ive r  Basin Group 5 . 1  T o t a l  

5 .2 .1  Wayne-Cayuga Complex 
5.2.2 Oswego River 
5 . 2 . 3  Salmon Complex 

River Group 5 - 2  Tota1 

5 .3 .1  Black River 
5.3.2 Perch Complex 
5 .3 .3  Oswagatchie River 
5.3.4 Grass-Raquette-St. Regis Comp. 

River  Basin Group 5 .3  T o t a l  

HYDROLOGIC AREA LOADS 

Chlor ide  1975 Chloride 1976 
3 

4 % 3 % 
T o t a l  Monitored Dif- Uni t  T o t a l  Monitored Dif- U n i t  

Load Load f u s e  Area Load Load f u s e  Area 

26,000 0 74 72 26,000 0 74  7 2  
1 9 0  1 4 0 , 0 0 0  130,000 96 J9J 140,000 1 3 0 , 0 0 0  

166,000 1 3 0 , 0 0 0  92 1 6 0  1 6 6 , 0 0 0  130,000 92 160 

9 , 4 0 0  0 98  72 9 ,400 0 9 s  7 2  
1,000,000 1 , 0 0 0 , 0 0 0  44  35 0 1 , 4 0 0 , 0 0 0  1 ,400,000 60  6 30 

14 
1,012,6(3(3 1,000,000 45 2 80 1 , 4 1 3 , 0 0 0  1 ,400,000 6 1  500 

7 , 5 0 0  7 , 5 0 0  85 1 2  8 ,600 8,600 87 14  
1 , 4 0 0  0 1 0 0  11 1 , 9 0 0  0 1 0 0  15 
4 ,800 4 , 8 0 0  9 1  1 0  7 ,300 7 ,300 9 4  16 

21,300 1 9 , 2 0 0  8 3  9 . 3  28 ,800 23,300 90  14 

2 

- 96 - 

- - 96 - 3,200 0 %  1 3  3,600 0 

7,600 6 ,900 72 6.7 1 1 , 0 0 0  7,400 87 - 1 2  

LAKE ONTARIO 

‘Total l o a d  from Hydrologic Area (me t r i c  t o n s / y r )  

‘Por t ion  of t o t a l  l oad  , t h a t  w a s  monitored ( m e t r i c  t o n s / y r )  

3Percent  of  t o t a l  l oad  from d i f f u s e  sources (nonpo in t )  

‘Total d i f f u s e  u n i t  area l o a d  ( k g / h e c t a r e / y r  o r  
10-1 metric t o n s  / km2/yr) 





D I S C U S S I O N  

ACCURACY OF TRIBUTARY LOADING ESTIMATES 

The resul ts  of  t h e  t r i b u t a r y  loading  s tudy  presented  i n  t h e  previous 
s e c t i o n  are based upon t h e  b e s t  a v a i l a b l e  d a t a .  
probably r e p r e s e n t  t h e  most complete compilat ion of such d a t a  ever made f o r  
t h e  e n t i r e  U.S. Great Lakes Basin.  It  m u s t  be remembered, however, when 
u t i l i z i n g  t h i s  in format ion  t h a t  t h e  loading  estimates are only  as good 
as t h e  a v a i l a b l e  f i e l d  d a t a  and t h a t  many p o t e n t i a l  sources  of e r r o r  e x i s t  
i n  t h e  c o l l e c t i o n  of d a t a  f o r  load  c a l c u l a t i o n s .  

The loading  estimates 

Perhaps t h e  most s i g n i f i c a n t  source  of e r r o r  dur ing  any given yea r  
is  t h e  frequency of sampling. I t  is  o f t e n  imposs ib le  t o  p r e c i s e l y  
c h a r a c t e r i z e  t h e  annual  load  c o n t r i b u t e d  by any given r i v e r  w i t h ,  f o r  
example, twelve monthly samples.  The e f f e c t  of hydro logic  and chemical 
f a c t o r s  (i. e. ,  runoff  even t s ,  d roughts ,  p o i n t  source  s p i l l s  and chemical 
exchange r e a c t i o n s )  may b e  overlooked i f  t h e  sampling is  in f r equen t .  
Consequently,  i t  is p o s s i b l e  w i t h i n  any given year  t o  misrepresent  t h e  
a c t u a l  load  i f  t h e  sampling program misses c r i t i c a l  runoff  even t s  o r  o t h e r  
occurrences.  

During t h e  a n a l y s i s  i t  w a s  o f t e n  noted t h a t  d a t a  p o i n t s  c o l l e c t e d  f o r  
a given t r i b u t a r y  exh ib i t ed  a h igh  degree  of v a r i a t i o n .  It w a s  then  
necessary  t o  c a r e f u l l y  examine t h e s e  p o i n t s  t o  determine if they could be 
r e a d i l y  expla ined  by a high f low event  o r  some o t h e r  phenomenon. I n  
s e v e r a l  cases extreme concen t r a t ion  d a t a  w e r e  r e j e c t e d ,  e s p e c i a l l y  i f  
they d i d  not  co inc ide  with long-term historical trends o r  highflow 
runoff  even t s  and were t h e r e f o r e  perceived as p o t e n t i a l  sources  of 
r e p o r t i n g  o r  d a t a  handl ing e r r o r .  

A s  p a r t  of t h e  r a t i o  e s t i m a t o r  method an es t imated  mean-square-error 
( t h e  squa re  r o o t  of which is t h e  es t imated  s t anda rd  e r r o r  of t h e  mean) 
i s  c a l c u l a t e d  a long  wi th  each annual  load estimate. Appendix A con ta ins  
t h e s e  mean-square-error v a l u e s  c a l c u l a t e d  f o r  i n d i v i d u a l  t r i b u t a r i e s .  
While t h e s e  mean-square-error terms are  u s e f u l  s ta t i s t ica l  in fo rma t ion ,  
a low mean-square-error does not  n e c e s s a r i l y  imply t h a t  t h e  es t imated  load 
is an a c c u r a t e  r e p r e s e n t a t i o n  of t h e  " t rue"  load .  

The mean-square-error is  only  an estimate of t h e  e r r o r  of t h e  load  
determined from a l i m i t e d  number of d a i l y  samples,  based on t h e  premise 
t h a t  t h e  t r u e  load  can b e  determined by sampling flow and concen t r a t ion  
a t  t h e  r i v e r  mouth each and every day of t h e  yea r .  Thus, t h e  e r r o r  
estimate impl i e s  t h a t  t h e  t r u e  t o t a l  annual  load  is  t h a t  load  given by 
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t h e  sum of 365 d a i l y  obse rva t ions .  This  assumption, of course ,  imp l i e s  
t h a t  sampling in s t rumen ta t ion  and measurement e r r o r s  may be neg lec t ed  
and t h a t  an  in s t an taneous  f low/concen t r a t ion  measurement i s  a p e r f e c t  
r e p r e s e n t a t i o n  of t r i b u t a r y  c o n d i t i o n s  on a p a r t i c u l a r  day. 
w h i l e  t h e  mean-square-error terms are  u s e f u l ,  they do not  n e c e s s a r i l y  
r e f l e c t  how c l o s e  t h e  e s t ima ted  load  i s  t o  t h e  t r u e  load .  For more 
in fo rma t ion  on t h e  s t a t i s t i c a l  t h e o r y ,  s t a t i s t i ca l  texts such  as Kendall  
and S t u a r t  (1968) should  be  consu l t ed .  

Consequently, 

I n  summary, t h e  major sou rce  of e r r o r  i n  e s t i m a t i n g  r i v e r  mouth 
loads  is l i k e l y  t o  b e  t h e  i n a b i l i t y  of t h e  sampling program t o  provide  a 
r e p r e s e n t a t i v e  temporal and s p a t i a l  d i s t r i b u t i o n  of samples. Sampling 
programs must b e  t a i l o r e d  t o  t h e  unique c h a r a c t e r i s t i c s  of i n d i v i d u a l  
streams i f  they  are  t o  be  both  e f f e c t i v e  and e f f i c i e n t .  Impor t an t ly ,  
a l l  streams w i l l  n o t  r e q u i r e  h igh  sampling f r equenc ie s  i n  o r d e r  t o  
a c c u r a t e l y  c h a r a c t e r i z e  t h e i r  l oad ing  c o n t r i b u t i o n s ,  e. g . ,  monthly 
i n s t e a d  o f  d a i l y  o r  weekly sampling may b e  s u f f i c i e n t  t o  provide  a 
r easonab le  estimate of l oad .  These i n d i v i d u a l  t r i b u t a r y  c h a r a c t e r i s t i c s  
which r e q u i r e  c o n s i d e r a t i o n  i n  t h e  des ign  of t h e  sampling program w i l l  be  
d i scussed  i n  subsequent s e c t i o n s .  

I J C  S u r v e i l l a n c e  Versus U. S.  Task D T o t a l  Phosphorus Loads 

T o t a l  phosphorus loads  have a l s o  been c a l c u l a t e d  by t h e  S u r v e i l l a n c e  
Subcommittee of t h e  I n t e r n a t i o n a l  J o i n t  Commission. I t  i s  impor tan t  t o  
po in t  o u t  t h e  d i f f e r e n c e s  (and s i m i l a r i t i e s )  between t h e  S u r v e i l l a n c e  
Subcommittee t o t a l  phosphorus loads  and t h e  U. S.  Task D ( t h i s  s tudy)  loads .  

Table  8 compares t h e  U. S.  t o t a l  t r i b u t a r y  loads  e s t ima ted  t o  be  
d e l i v e r e d  t o  Lakes Supe r io r ,  Huron, and Michigan du r ing  1976. Loads 
e s t ima ted  f o r  Lakes On ta r io  and E r i e  w e r e  no t  d i r e c t l y  comparable due t o  
t h e  u n a v a i l a b i l i t y  of 1976 E r i e  d a t a  as w e l l  as d i f f e r e n c e s  i n  d ra inage  
demarcations.  

Both estimates w e r e  based on t h e  s a m e  computation method ( r a t i o -  
e s t i m a t o r  method), bu t  cons ide rab ly  more d a t a  w e r e  used i n  computing 
t h e  Task D load .  Table  8 shows t h e  t o t a l  number of samples  and t h e  
number of r i v e r s  from which t h e  loads  w e r e  computed. S ta te  s u r v e i l l a n c e  
d a t a  w e r e  t h e  primary d a t a  sou rce  used by t h e  S u r v e i l l a n c e  Subcommittee, 
bu t  f o r  U. S. Task D, i n  a d d i t i o n  t o  t h e  s ta te  s u r v e i l l a n c e  d a t a ,  o t h e r  
d a t a  w e r e  a l s o  used from u n i v e r s i t y  s t u d i e s ,  t h e  U. S.  Geologica l  Survey, 
special  EPA s t u d i e s ,  and PLUARG P i l o t  Watershed s t u d i e s .  Consequently,  
d i f f e r e n c e s  i n  loads  as shown i n  Table  8 can be accounted f o r  i n  p a r t  
by the  d i f f e r e n c e s  i n  sample numbers. Note t h a t  i n  t h i s  s tudy  (U. S .  
Task D) l oads  w e r e  c a l c u l a t e d  f o r  d i f f e r e n t  parameters ,  wh i l e  t h e  
S u r v e i l l a n c e  Subcommittee c a l c u l a t e d  loads  f o r  t o t a l  phosphorus only .  
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TABLE 8 

Lake 

Superior 

Huron 

Mi chi gan 

COMPARISON OF SURVEILLANCE SUBCOMMITTEE AND 
U. S. TASK D 1976 TOTAL PHOSPHORUS TRIBUTARY LOADS 

Surveillance U. S. Task D 
Subcommit tee (This Study) 

metric tons /year 

845 964 

1854 1954 

3894 3596 

COMPARISON OF THE TOTAL NUMBER OF SAMPLES AND NUMBER OF RIVERS MONITORED 
WHICH WERE USED IN CALCULATING 1976 TOTAL PHOSPHORUS LOADS BY 

SURVEILLANCE SUBCOMMITTEE AND U. S. TASK D 

Lake No. of Samples Rivers Considered 

Surveillance U. S. Task D Surveillance U. S .  Task D 
Subcommittee Subcommittee 

Superior 95 157 10 11 

Huron 117 402 9 15 

Michigan 314 740 27 27 
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EVALUATION OF U. S. GREAT LAKES TRIBUTARY LOAD ESTIMATES 

Flow 

I n  o rde r  t o  e v a l u a t e  t h e  changes i n  load  t h a t  occur  from one yea r  t o  
t h e  n e x t ,  i t  is h e l p f u l  t o  f i r s t  cons ide r  t h e  v a r i a b i l i t y  i n  flow. 
c o n t a i n s  t h e  Annual Mean Dai ly  T r i b u t a r y  Flow t o  t h e  Great Lakes f o r  
water y e a r s  1975, 1976, and t h e  h i s t o r i c a l  average. These flows are 
based on USGS gaging s t a t i o n  r eco rds .  Flows from gaged r i v e r s  were 
a d j u s t e d  t o  r i v e r  mouths. Also,  f low from ungaged t r i b u t a r i e s  w e r e  
e s t ima ted  by e x t r a p o l a t i n g  flow from gaged areas s o  t h a t  t h e  flows 
e s t ima ted  i n  Table  9 account f o r  t h e  t o t a l  Lake watershed area. 
Flow from ungaged area w a s  e s t ima ted  by m u l t i p l y i n g  t h e  unmonitored 
areas by t h e  r a t i o  of t h e  a p p r o p r i a t e  monitored flow t o  monitored area. 

Table  9 

ESTIMATED TOTAL ANNUAL 

THE 

Lake 1975 

Super io r  16,380 (463.88) 

Michigan 42,780 (1211.53) 

Huron 14,910 (422.25) 

E r i e  22,520 (637.77) 

On ta r io  28,860 (817.32) 

T o t a l  
Basin 125,460 (3553.03) 

TABLE 9 

MEAN DAILY TRIBUTARY FLOW TO 

GREAT LAKES 1 

c f s  (m / s )  3 

1976 

14,250 (403.56) 

45,540 (1289.70) 

17,660 (500.13) 

22,340 (632.67) 

4 1  , 100 (1163.95) 

140,910 (3990.57) 

H i s t o r i c a l  Record 

15,660 (443.49) 

37,580 (1064.27) 

11,610 (328.80) 

17,930 (507.78) 

25,820 (731.22) 

108,600 (3075.55) 

Flows based on measured flow p l u s  e s t ima ted  flow f o r  ungaged areas 1 
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Table 9 shows t h a t  t h e  t o t a l  annual  mean d a i l y  d i scha rge  du r ing  
water y e a r s  1975 and 1976 w a s  g e n e r a l l y  h ighe r  than  t h e  h i s t o r i c a l  
d i scharge .  Flows were h i g h e r  i n  1976 compared t o  1975 f o r  t h e  Basin as 
a whole and s p e c i f i c a l l y  f o r  On ta r io ,  Huron, and Michigan t r i b u t a r i e s .  
The 1976 t r i b u t a r y  flow t o  Lake Ontar io  w a s  p a r t i c u l a r l y  high.  

Table  10 con ta ins  Basin t r i b u t a r y  flows normalized accord ing  t o  t h e  
area of dra inage .  I n t e r e s t i n g l y ,  t h e  flow per  u n i t  area of watershed 
w a s  approximately equ iva len t  f o r  Lakes Supe r io r ,  Michigan, Huron, and Erie. 
The u n i t  area t r i b u t a r y  flow i n t o  Lake Ontar io  w a s  s i g n i f i c a n t l y  h igher  
than t h e  flow i n t o  t h e  o t h e r  Lakes,  p a r t i c u l a r l y  dur ing  1976. 

Table  11 provides  more d e t a i l e d  informat ion  on t h e  d i scha rge  from 
i n d i v i d u a l  t r i b u t a r i e s .  A l l  t r i b u t a r y  flows have been a d j u s t e d  t o  t h e  
r i v e r  mouths ( s e e  methodology f o r  d i s c u s s i o n ) .  S i g n i f i c a n t  d i f f e r e n c e s  
occurred  i n  t h e  d i scha rge  of t r i b u t a r i e s  between water yea r  1975 and 1976. 

TABLE 10 

TOTAL ANNUAL DAILY FLOW PER UNIT AREA OF WATERSHED 

3 2  
m /km / yea r  

Lake 

Super ior  

Michigan 

Huron 

E r i e  

Ontar io  

T o t a l  Basin 

1975 1976 H i s t o r i c a l  

330,000 290,000 320,000 

330,000 350,000 290,000 

320,000 380,000 250,000 

360,000 360,000 290,000 

570,000 810,000 510,000 

370,000 420,000 320,000 
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TABLE 11 

I N D I V I D U A L  ANNUAL MEAN FLOW 

FROM U.S. GREAT LAKES TRIBUTARIES 

RIVER 

Super ior  Basin 

Pigeon 

Baptism 

S t .  Louis 

Nemad j i 

Bois Brule  

Bad 

Tahquamenon 

Black 

Presque Isle 

S t u r  geon 

Carp 

On t onagon 

2 of T o t a l  Basin 

DRAINAGE 
AREA , km2 

1 ,554  

36 3 

9.440 
1 , 290 

492 

2 , 580 

2 , 180 

612 

886 

1 , 8 2 8  

192 

3,530 

Accounted f o r  by Gaged Rivers  

Michigan Basin 

Meno mine e 10 , 610 

Pesh t i go 2 , 9 8 3  

Oconto 2 , 5 5 1  

Pensaukee 414 
Fox 17 ,100  

Kewaunee 354 

East Twin 344 

Manit owoc 1 , 4 4 3  

She b o y gan 1,127 

Milwaukee 1 , 8 9 3  

Menomonee 344 

Root 5 14 

S t .  Joseph 1 2  , 110 

Black (South Haven) 742 

K a  lamaz o o 5 , 2 0 0  

19 75 
FLOW 

cf s ( m 3 / s )  

505 ( 1 4 . 3 0 )  

1 5 5 (  4 . 3 9 )  

2 , 984 ( 8 4 . 5 1 )  

4 3 7 ( 1 2 . 3 8 )  

2 6 1 ( 1 3 . 9 3 )  

8 6 6 ( 2 4 . 5 2 )  

1 , 0 1 4 ( 2 8 . 7 2 )  

270(  7 . 6 5 )  

342 ( 9 . 6 9 )  

888 ( 2 5 . 1 5 )  

9 1  ( 2 . 5 8 )  

1 , 4 5 9 ( 4 1 . 3 2 )  

57 

3 , 5 5 8 ( 1 0 0 . 7 6 )  

1 ,007  ( 2 8 . 5 2 )  

947 ( 2 6 . 8 2 )  

1 1 3 ( 3 . 2 0 )  
4 , 1 8 3 ( 1 1 8 . 4 6 )  

108 ( 3 . 0 6 )  

8 1 ( 2 . 2 9 )  

2 9 6 ( 8 . 3 8 )  

2 9 8 ( 8 . 4 4 )  

5 4 7 ( 1 5 . 4 9 )  

107 ( 3 . 0 3 )  

124 ( 3 . 5 1 )  

4 , 63.7 ( 1 3 1 . 3 2 )  

429 ( 1 2 . 1 5 )  

2 ,492  ( 7 0 . 5  7 )  

1 9  76 
FLOW 

cf  s ( m 3 / s )  

1 5 3 ( 4 . 3 3 )  

1 , 6 8 4 ( 4 7 . 7 0 )  

347 ( 9 . 8 3 )  

262 ( 7 . 4 2 )  

1 , 087 (30 .78 )  

9 8 4 ( 2 7 . 8 7 )  

3 2 3 ( 9 . 1 5 )  

360(10 .20 )  

8 1 0 ( 2 2 . 9 4 )  

100 ( 2 . 8 3 )  

1 , 4 5 3 ( 4 1 . 1 5 )  

5 3  

3,382 ( 9 5 . 7 8 )  

1 , 0 0 6 ( 2 8 . 4 9 )  

9 6 6 ( 2 7 . 3 6 )  

1 1 8 ( 3 . 3 4 )  
4 ,386  ( 1 2 4 . 2 1 )  

94 ( 2 . 6 6 )  

103  ( 2 . 9 2 )  

3 6 8 ( 1 0 . 4 2 )  

261  ( 7 . 3 9 )  

462 ( 1 3 . 0 8 )  
85 ( 2 . 4 1 )  

154 ( 4 . 3 6 )  

5 , 2 36 ( 1 4 8 . 2 8 )  

3 9 8 ( 1 1 . 2 7 )  

2,446 ( 6 9 . 2 7 )  

HISTORICAL AVG. 
FLOW 

cf  s ( m 3 / s )  

5 0 5 ( 1 4 . 3 0 )  

1 6 8 ( 4 . 7 6 )  

2 , 4 3 2 ( 6 8 . 8 7 )  
___-- 

270 ( 7 . 6 5 )  

999 ( 2 8 . 2 9 )  

9 8 9 ( 2 8 . 0 1 )  

282 ( 7 . 9 9 )  

356(10 .08 )  

8 4 8 ( 2 4 . 0 2 )  

86 ( 2 . 4 4 )  

1 , 470 ( 4 1 . 6 3 )  

54 

3,406 ( 9 6 . 4 6 )  

9 4 6 ( 2 6 . 7 9 )  

912 ( 2 5 . 8 3 )  

4 , 4 7 8 ( 1 2 6 . 8 2 )  

9 0 ( 2 . 5 5 )  

----- 

2 4 1 ( 6 . 8 3 )  

424 ( 1 2 . 0 1 )  

9 5 ( 2 . 6 9 )  

162 ( 4 . 5 9 )  

4 , 1 8 2 ( 1 1 8 . 4 3 )  

3 5 0 ( 9 . 9 1 )  

1 , 7 7 2 ( 5 0 . 1 8 )  
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TABLE 11 continued. .  . 
RIVER DRAINAGE 

AREA, km2 

Michigan Basin cont 'd . .  . 
Black (Ottawa Co.) 494 

Grand 14,660 

Muske gon 7,118 

White 1 ,352  

Pere Marquette 1,909 

Mani s tee  5,487 

Boardman 740 

Manis t ique  3,746 

E s canab a 2,370 

Ford 1 ,236  

% of  T o t a l  Basin 
Accounted f o r  by Gaged Rivers 

Lake Huron Basin 

P ine  644 

Cheboy gan 4,090 

Thunder Bay 4,271 

Au Sable  5,756 

Au Gres 72 7 

R i f l e  1 ,013  

Kawkawlin 582 

Sag inaw 16,170 
Pigeon 322 

% of T o t a l  Basin 
Accounted f o r  by Gaged Rivers 

Lake Erie Basin 

Black 1,800 

B e l l e  544 

Clinton 2,030 

Rouge 1,188 

Stony C r .  306 

R a i s i n  3,206 

Huron 2,200 

19 75 
FLOW 

cfs(m3/s) 

- 

208(5.89) 

5,683(160.94) 

2,694(76.29) 

681(19.29) 

839(23.76) 

2,692 (76.24) 

252 (7.14) 

2,177(61.65) 

905 (25.63) 

457 (12.94) 

83 

371 (10.51) 

1 ,724 (48.82) 

1 ,030 (29.17) 

2,306(65.30) 

132 (3.74) 

378(10.70) 

146 (4.13) 

5,950(168.50) 

83(2.35) 

81 

396(11.21) 

185 (5.24) 

931(26.37) 

388 (10.99) 

72 (2.04) 

901 (25.52) 

653(18.49) 

1976 - now 
cf s (m3/ s )  
__I 

259 (7.33) 

6,491(183.83) 

3,401(96.32) 

876 (24.81) 

953(26.99) 

2,476 (70.12) 

298(8.44) 

2,257(63.92) 

917(25.97) 

412(11.67) 

83 

306 (8.67) 

1 ,748  (49.5 0 )  

1,013(28.69) 

2,387(67.60) 

189(5.35) 

428 (12.12) 

291 (8.24) 

7,849 (222.28) 

144 (4.08) 

81 

687(19.46) 

189 (5.35) 

962(27.24) 

495(14.02) 

104 (2.95) 

1,136(32.17) 

842(23.85) 

HISTORICAL AVG. - 
FLOW 

cfs(m3/s) 

173(4.90) 

4,029 (114.10) 

2,200 (62.30) 

566(16.03) 

671(19.00) 

2,313(65.50) 

246(6.97) 

1,861(52.70) 

968(27.41) 

399 (11.30) 

81 

----- 
1,488(42.14) 

1 , 004 (28.43) 

1,996(56.53) 

162 (4.59) 
376 (10.65) 

130 (3.68) 

4,026 (114.02) 

70 (1.98) 

80 

400(11.33) 

l l g ( 3 . 3 7 )  

546 (15.46) 

283(8.01) 

76(2.15) 

836(23.68) 

521(4.75) 
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TABLE 11 continued..  . 
_I_ 1976 HISTORICAL - AVG. 1975 

1__ 

RIVER DRAINAGE 
- AREA, km2 - FLOW I_ FLOW FLOW 

Lake Erie Basin cont 'd . .  . cf s (m3/s) cfs (m3/s) cf s (m3/s) 

O t t a w a  

Maumee 

P o r t  age 

Sandusky 

Huron 

Vermillion 

Black 

Rocky 

Cuyaho ga 

Chagrin 

Grand 

Ash t ab u l  a 

Conne a u t  

C a t  t araugus 

Buffa lo  

Tonawan da 

% of  T o t a l  Basin 

440 

17,110 

1,566 

3,970 

1,041 

704 

1,209 

746 

2,340 

69 2 

2,120 

355 

500 

1,440 

1,129 

1,573 

141(3.99) 

5,545(157.03) 

458(12.97) 

1,418(40.16) 

369 (10.45) 

310(8.78) 

583(16.51) 

424(12.01) 

1,783(50.49) 

507(14.36) 

1,410(39.93) 

218 (6.17) 

306(8.67) 

1,055 (29.88) 

651(18.44) 

787(22.29) 

Accounted f o r  by Gaged Rivers 87 

Lake Ontar io  Basin 

Genesee 6,420 3,326 (94.19) 

S t e r l i n g  261 171(4,84) 

Oswego 1,3160 7,618(215.74) 

Sandy 368 308(8.72) 
Black 5,210 4,521 (128.03) 

Oswe g a t c h i e  4,309 2,654(75.16) 

Grass 1,668 1,230( 34.83) 

Raque t t e 3,253 2,220(62.87) 

S t .  Regis 2,207 1,391( 39.39) 

% of T o t a l  Basin 
Accounted f o r  by Gaged Rivers 81 

122 (3.46) 

5,848 (165 62) 

513(14.53) 

1,060(30.02) 

322(9.12) 

252(7.14) 

323(9.15) 

256 (7.25) 

1,384 (39.19) 

441(12.49) 

1, $96 (33.87) 

210 (5.95) 

356 (10.08) 

1,150(32.57) 

858(24.30) 
----- 

84 

3,991 (113.03) 
----- 

11,030 (312.37) 

473 (13.40) 

6,405(181,39) 

4,431(125.49) 

1,655(46.87) 

3,354(94.99) 

1,808(51.20) 

81 

134(3.79) 

4 , 989 (141.29) 
434(12.29) 

1,168 (33.08) 

319 (9.03) 

249 (7.05) 

379(10.73) 

281 (7.96) 

1,001(28.35) 

352 (9.97) 
----- 

167(4.73) 

280 (7.9 3) 

925(26.20) 

576 (16.31) 

702 (19.88) 

83 

2,752 (77.94) 

141 (3.99) 

6,305(178.56) 

276( 7.82) 

3,902(110.50) 

2,874 (81.39) 

1,150(32.57) 

2,180(61.74) 

1,391( 39.39) 

81 
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Often t h e  1975 and/or 1976 flows w e r e  d i f f e r e n t  from t h e  h i s t o r i c a l  
record  flow. Even w i t h i n  a l a k e  b a s i n ,  both r e l a t i v e l y  high and low f lows 
can occur  du r ing  t h e  same yea r .  

Important  d i f f e r e n c e s  i n  f low can occur  du r ing  t h e  s p r i n g  per iod  
when f o r  some streams a l a r g e  f r a c t i o n  of t h e  annual  load (of some 
subs tances)  i s  de l ive red .  Table  1 2  g ives  t h e  r a t i o  of t h e  1975 t o  
1976 s p r i n g  r i v e r  mouth flow f o r  a number of t r i b u t a r i e s .  A s  can be 
seen ,  many of t h e  t r i b u t a r i e s  i n  Table  1 2  had h igher  s p r i n g  flows i n  
1976 compared t o  1975 ( r a t i o  less than  one) .  Notably, two major 
t r i b u t a r i e s ,  t h e  S t .  Louis  River  (d ra in ing  i n t o  Lake Super ior )  and 
the  Maumee River  (d ra in ing  i n t o  Lake E r i e )  had h igher  s p r i n g  flow i n  
1975 compared t o  1976. Important  h igh  flow even t s  a l s o  o f t e n  occur  i n  
February o r  o t h e r  f a l l - w i n t e r  months which are no t  accounted f o r  i n  
Table 1 2 .  Also,  short- term peak flow even t s  may have a major e f f e c t  on 
mean d a i l y  f lows.  

TABLE 1 2  

RATIO OF SPRING (MARCH + APRIL + MAY) FLOWS FOR 
SEVERAL GREAT LAKES TRIBUTARIES 

St. Louis River  
Nemad j i River  
Bad River  
Ontonagan River  
Grand River  (Lake Michigan) 
Muskegon River 
R i f l e  River  
Au Sable  River  
Black River (Mich., Lake E r i e )  
Rouge River  
Huron River  
Maumee River  
Sandusky River  
Cuyahoga River 
Genesee River 
Oswego River  
Oswegatchie River  

1975f 1976 

1.783 
1.085 
0.650 
0.917 
0 .771  
0.500 
0.694 
0.795 
0.641 
0.806 
0.643 
1.134 
0.220 
0.312 
0.718 
0.604 
0.552 
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Dif fe rences  i n  flow from year-to-year c e r t a i n l y  account f o r  some 
of t h e  v a r i a t i o n  i n  loads  and w i l l  be cons idered  i n  t h e  ensuing d i scuss ion .  
However, o t h e r  f a c t o r s ,  such  as t h e  t i m e ,  amount and i n t e n s i t y  of 
p r e c i p i t a t i o n ,  me teo ro log ica l  c o n d i t i o n s ,  year-to-year d i f f e r e n c e s  i n  
land  use  and a g r i c u l t u r a l  p r a c t i c e s ,  v a r i a n c e s  i n  p o i n t  sou rce  i n p u t s ,  
and many o t h e r  f a c t o r s  a f f e c t  t h e  load  f o r  any one year .  I d e a l l y ,  
a long  pe r iod  of r eco rd  f o r  l o a d s ,  such a s  i s  a v a i l a b l e  f o r  d i s c h a r g e  
on many t r i b u t a r i e s ,  would g i v e  a b e t t e r  i n d i c a t i o n  of year-to-year 
v a r i a b i l i t i e s  i n  loads .  For several streams a long-term d a t a  b a s e  is 
beginning t o  be b u i l t  up, and i t  is impera t ive  t h a t  such moni tor ing  b e  
cont inued .  U n t i l  more long-term informat ion  i s  a v a i l a b l e ,  however, i t  
must be  r e a l i z e d  t h a t  t r i b u t a r y  loads  are t h e  r e s u l t  of dynamic p rocesses  
and can be expected t o  va ry  wide ly  from year-to-year.  

Great Lakes Load Summary 

Table  6 p re sen ted  i n  t h e  R e s u l t s  s e c t i o n  summarizes loads  t o  t h e  
Great Lakes on a t o t a l  Great Lakes Basin level and by i n d i v i d u a l  
Lake b a s i n s .  Summarized 1975 and 1976 loads  are g iven  f o r  seven d i f f e r e n t  
parameters ,  except  f o r  Lake E r i e ,  where 1976 d a t a  w e r e  n o t  a v a i l a b l e  a t  
t h e  t i m e  of t h i s  w r i t i n g .  It should be  noted t h a t  d i s c u s s i o n  of t h e  
load ing  d a t a  should n o t  be taken  t o  imply t h e  es t imated  loads  are 
n e c e s s a r i l y  a b s o l u t e .  While they are be l i eved  t o  be  t h e  b e s t  estimates 
a v a i l a b l e ,  an unders tanding  of t h e  l i m i t a t i o n s  of t h e  d a t a  i s  necessa ry  f o r  
proper  use  and i n t e r p r e t a t i o n  of t h e  e s t ima ted  loads .  

The l a r g e s t  and smallest t o t a l  phosphorus t r i b u t a r y  loads  w e r e  
r ece ived  by Lake Erie and Lake Huron, r e s p e c t i v e l y .  
Lake Michigan t r i b u t a r i e s  r ece ived  t h e  l a r g e s t  p o i n t  sou rce  inpu t  of 
t o t a l  phosphorus. Lake E r i e  r ece ived  t h e  l a r g e s t  annual  d i f f u s e  t o t a l  
phosphorus load  p e r  u n i t  area of watershed. The monitored load  
( c a l c u l a t e d  from a c t u a l  f low and concen t r a t ion  d a t a )  comprised a l a r g e  
p o r t i o n  of t h e  t o t a l  l oad  t o  each Lake, p a r t i c u l a r l y  du r ing  1975. 
phosphorus load ings  w e r e  h ighe r  i n  1975 than  i n  1976 f o r  Lake S u p e r i o r ,  
wh i l e  t h e  r e v e r s e  w a s  t r u e  f o r  t h e  o t h e r  Lakes. This  is a t t r i b u t a b l e  
i n  p a r t  t o  f l u c t u a t i o n s  i n  annual  d i scha rge ,  bu t  i s  a l s o  probably 
a t t r i b u t a b l e  t o  many o t h e r  f a c t o r s ,  such as v a r i a t i o n s  i n  t h e  sampling 
program, t h e  accuracy of t h e  d a t a  r e p o r t e d ,  t h e  temporal and s p a t i a l  
d i s t r i b u t i o n  of p r e c i p i t a t i o n  i n  d i f f e r e n t  watersheds ,  and t h e  i n t e n s i t y  
of p r e c i p i t a t i o n .  

Lake Erie and 

T o t a l  

Suspended s o l i d s  t r i b u t a r y  loads  du r ing  water yea r  1975 (Table 6 )  
w e r e  h i g h e s t  f o r  Lake E r i e ,  followed by Lake Super ior  and Lake On ta r io .  
I n  1976 t h e  Lake On ta r io  suspended s o l i d s  load  exceeded t h e  Lake Super ior  
suspended s o l i d s  load ,  which decreased  s i g n i f i c a n t l y  i n  water y e a r  1976. 
Other l a k e s  (wi th  t h e  except ion  of Lake E r i e ,  f o r  which no 1976 load ing  
d a t a  were a v a i l a b l e )  r ece ived  l a r g e r  suspended s o l i d s  i n  water yea r  1976 
than w a t e r  yea r  1975. 
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F u r t h e r  examination of Table  6 reveals t h a t  Lake Erie  and Lake 
Michigan r ece ived  t h e  l a r g e s t  l oad ing  of s o l u b l e  o r t h o  phosphorus. 
Assuming 100 pe rcen t  t r ansmiss ion  from t h e  p o i n t  of e n t r y  t o  t h e  r i v e r  
mouth, a s i g n i f i c a n t  p o r t i o n  of t h e  s o l u b l e  o r t h o  phosphorus i n p u t  can be  
accounted f o r  by p o i n t  sou rce  i n p u t s .  It is  a l s o  i n t e r e s t i n g  t o  n o t e  
t h a t  d e s p i t e  t h e  l a r g e  i n c r e a s e  i n  flow i n t o  Lake On ta r io  du r ing  1976, 
t h e  s o l u b l e  o r t h o  phosphorus load  w a s  n o t  s u b s t a n t i a l l y  inc reased .  

The summary of t o t a l  n i t r o g e n  load ings  to t h e  Great Lakes (Table 6 )  
r e v e a l s  t h a t  Lake E r i e  rece ived  t h e  l a r g e s t  t r i b u t a r y  c o n t r i b u t i o n .  
Furthermore,  approximately 15 pe rcen t  of t h e  t o t a l  Basin t r i b u t a r y  load  
w a s  a s s o c i a t e d  w i t h  i n p u t s  from po in t  s o u r c e  d i scha rges .  Table  6 
i n d i c a t e s  t h a t  Lake Erie a l s o  r ec i eved  t h e  h i g h e s t  i n p u t s  of n i t r a t e  
and ammonia n i t r o g e n .  Although 80 percen t  o r  more of t h e  n i t r a t e  
n i t r o g e n  load ings  t o  t h e  d i f f e r e n t  Lakes w a s  a s s o c i a t e d  w i t h  d i f f u s e  
sou rces ,  p o i n t  sou rce  i n p u t s  seemed t o  be  t h e  primary c o n t r i b u t o r  of 
ammonia n i t r o g e n  loads  (assuming 100 pe rcen t  d e l i v e r y ) .  Ni t ra te  n i t r o g e n  
and ammonia n i t r o g e n  e x h i b i t e d  s i m i l a r  v a r i a t i o n  p a t t e r n s  over t h e  1975 
and 1976 water y e a r s .  

The c h l o r i d e  loading  summary g iven  i n  Table  6 i n d i c a t e s  t h a t  Lake 
On ta r io  r ece ived  t h e  h i g h e s t  c h l o r i d e  load  du r ing  water y e a r s  1975 and 1976. 
The c h l o r i d e  load  t o  a l l  t h e  Lakes appeard t o  va ry  between 1975 and 1976 
i n  t h e  same p ropor t ion  as t r i b u t a r y  flow v a r i e d .  This  i s  evidenced by 
Table 6 ,  which compares t h e  r a t i o  of 1975 t o  1976 c h l o r i d e  load  wi th  
1975 t o  1976 f l o w .  

TABLE 1 3  

RATIOS OF CHLORIDE LOAD AND ANNUAL FLOW BETWEEN WATER YEARS 1975 AND 1976 

197 5 / 19 76- 

Bas i n  Chlor ide  Load Annual Flow 

Lake Super ior  1.14 1 .15  

Lake Michigan 1.09 1 .04  

Lake Huron 0.89 0.84 

Lake E r i e  

Lake 9 n t a r i o  0.74 0.70 

81 



Table  7 ,  p re sen ted  i n  t h e  R e s u l t s  s e c t i o n ,  summarizes l o a d s  t o  the  Great 
Lakes from i n d i v i d u a l  hydro log ic  a r e a 8 ,  and i s  d i scussed  below. 
Basin Groups and hydro logic  areas are  p resen ted  i n  Appendix B.  

Maps of River  

LAKE SUPERIOR 

River  Basin Group 1.1. The S t .  Louis River  i s  t h e  l a r g e s t  r iver  i n  
t h i s  r eg ion .  P o r t i o n s  of t h e  River  Basin Group 1.1 dra inage  area are 
c h a r a c t e r i z e d  by heavy c l a y  s o i l s  which appear t o  s i g n i f i c a n t l y  a f f e c t  
t r i b u t a r y  loads .  Flow volumes v a r i e d  cons ide rab ly  du r ing  t h e  1975 and 
1976 water y e a r s .  For example, f low from t h e  S t .  Louis and Nemadji 
Rivers  s i g n i f i c a n t l y  decreased  from 1975 t o  1976, w h i l e  c e r t a i n  streams 
i n  t h e  e a s t e r n  p o r t i o n  of t h e  Basin ( e .  g . ,  t h e  Bad River) e x h i b i t e d  
inc reased  flow. During water yea r  1975 t h e  monitored load  ( i .  e . ,  t h e  
load  as determined from f i e l d  measurements of f low and concen t r a t ion )  
accounted f o r  a m a j o r i t y  of t h e  e s t ima ted  t o t a l  load  from t h i s  b a s i n  group. 
The number of monitored streams (and subsequent r a t i o  of monitored load  
t o  e s t ima ted  t o t a l  l oad )  decreased  f o r  t h e  1976 water yea r  as  a r e s u l t  of 
t h e  t e rmina t ion  of t h e  Upper Lakes Reference Group moni tor ing  program. 

A s  can be seen  from examination of Table  7 , ,  t h e  Supe r io r  Slope 
Complex, t h e  S t .  Louis R ive r ,  and t h e  Apos t le  I s l a n d  Complex are t h e  
l a r g e s t  c o n t r i b u t o r s  of t o t a l  phosphorus i n  t h i s  r i v e r  b a s i n  group. 
With t h e  except ion  of t h e  S t .  Louis River ,  most of t h e  t o t a l  phosphorus 
load  is  de r ived  from d i f f u s e  sou rces .  The Supe r io r  Slope Complex, 
which is  composed of many s m a l l  t r i b u t a r i e s ,  w a s  monitored e x t e n s i v e l y  
du r ing  t h e  1975 water yea r .  However, monitored 1976 t o t a l  phosphorus 
d a t a  were u n a v a i l a b l e  f o r  t h i s  complex. 

The Apos t le  I s l a n d  Complex a l s o  c o n t r i b u t e d  a l a r g e r  t o t a l  phosphorus 
load  i n  1975 than  i n  1976. The Apos t le  I s l a n d  Complex c o n t a i n s  s e v e r a l  
t r i b u t a r i e s ,  such  as t h e  Nemadji R ive r ,  which d r a i n  a watershed c h a r a c t e r i z e d  
by red  c l a y .  A s  shown i n  Table  7 , t h i s  complex r ep resen ted  t h e  l a r g e s t  
sou rce  of t o t a l  phosphorus i n  River  Bas in  Group 1.1. 

T o t a l  Lake load ings  of t o t a l  phosphorus from 1.1 decreased  between 
water y e a r s  1975 and 1976. 
decreased  t r i b u t a r y  flows dur ing  t h i s  t i m e  pe r iod .  It should be  noted 
t h a t  t h e  h i g h e s t  phosphorus c o n c e n t r a t i o n s  were most o f t e n  recorded on 
days having h igh  a s s o c i a t e d  flow l e v e l s .  This  c o n d i t i o n ,  i n  combination 
w i t h  t h e  o v e r a l l  i n c r e a s e  i n  annua l  f low, may e x p l a i n  t h e  h igh  loads  
c o n t r i b u t e d  by t h e  S t .  Louis River i n  1975. 

This  may be  d i r e c t l y  a t t r i b u t a b l e  t o  

Fur the r  i n s p e c t i o n  of Table  7 r e v e a l s  t h a t  s o l u b l e  o r t h o  phosphorus 
g e n e r a l l y  comprised less than  50 p e r c e n t  of t h e  t o t a l  phosphorus load  
from t h e  t r i b u t a r i e s  inc luded  i n  River  Basin Group 1.1. The r a t i o  of 
s o l u b l e  o r t h o  phosphorus t o  t o t a l  phosphorus w a s  r e l a t i v e l y  c o n s i s t e n t  
f o r  most streams between 1975 and 1976. Impor t an t ly ,  t h e  S t .  Louis River 
had t h e  h i g h e s t  r a t i o  of s o l u b l e  o r t h o  phosphorus t o  t o t a l  phosphorus. 
However, because moni tor ing  of s o l u b l e  o r t h o  phosphorus w a s  l i m i t e d ,  
e s p e c i a l l y  du r ing  1976, t h e  s o l u b l e  o r t h o  phosphorus load  could be  
underestimated. 
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Suspended s o l i d s  l o a d s  f o r  River Basin Group 1.1 are r e l a t i v e l y  
h i g h ,  r e f l e c t i n g  t h e  h i g h  c l a y  c o n t e n t  of s d i l s  i n  v a r i o u s  p o r t i o n s  of t h e  
watershed. 
t h e  l a r g e s t  suspended s o l i d s  loadings .  The suspended s o l i d s  loadings  
from t h e  S t .  Louis River were n o t  p a r t i c u l a r l y  h i g h ,  d e s p i t e  i ts  l a r g e  
b a s i n  area and s i g n i f i c a n t  d i s c h a r g e s  of suspended s o l i d s  from p o i n t  
sources  w i t h i n  t h e  Basin. This  p o i n t  source  loading  d a t a  is  p r i m a r i l y  
a s s o c i a t e d  w i t h  e x t e n s i v e  mining o p e r a t i o n s  w i t h i n  t h e  watershed. 
The amount of suspended s o l i d s  from t h e s e  p o i n t  s o u r c e s  which a c t u a l l y  
r e a c h  Lake Super ior  is n o t  known, b u t  s i g n i f i c a n t  t r a n s p o r t  l o s s  is  
p o s s i b l e .  S ince  t h e  annual  d i f f u s e  u n i t  area load of suspended s o l i d s  
i s  s o  low f o r  t h e  S t .  Louis  b a s i n ,  assuming 100 percent  d e l i v e r y  of 
t h e s e  p o i n t  s o u r c e s ,  i t  is  i n  f a c t  l i k e l y  t h a t  a l a r g e  f r a c t i o n  of t h e  
es t imated  p o i n t  s o u r c e  load  does n o t  f i n d  i t s  way t o  t h e  Lake. The 
l a k e - l i k e  widenings of t h e  S t .  Louis near  i t s  mouth, i n  combination w i t h  
t h e  l a r g e  wet land area contained i n  t h e  d r a i n a g e  b a s i n ,  probably accounts  
f o r  t h e  r e l a t i v e l y  low q u a n t i t y  of suspended s o l i d s  discharged t o  
Lake Super ior .  

The Apos t le  I s l a n d  Complex and t h e  Bad River Complex c o n t r i b u t e d  

The v a r i a t i o n  i n  t h e  suspended s o l i d s  loading  from River Basin Group 1.1 
dur ing  t h e  1975 and 1976 water y e a r s  w a s  s imi la r  t o  t h a t  of t o t a l  
phosphorus ( s e e  Table  7 ). The Bad River r e p r e s e n t s  one except ion.  
Here t h e  suspended s o l i d s  load  w a s  h igher  i n  1976 than i n  1975, a l though 
t h e  annual  t o t a l  phosphorus load  decreased over  t h e  same period.  
However, t h i s  i n c r e a s e d  suspended s o l i d s  load i s  c o n s i s t e n t  w i t h  t h e  
i n c r e a s e  i n  f low which occurred  i n  t h e  Bad River between 1975 and 1976. 
Furthermore,  t h e  h i g h  t o t a l  phosphorus load c a l c u l a t e d  f o r  1975 may b e  
overes t imated  due t o  some unusual ly  h igh  c o n c e n t r a t i o n s  r e p o r t e d  d u r i n g  
t h e  1975 w a t e r  year  and t h u s  t h e  c a l c u l a t e d  load f o r  1975 may n o t  b e  
r e p r e s e n t a t i v e  of a c t u a l  c o n d i t i o n s .  

Table  7 i n d i c a t e s  t h a t  t h e  h i g h e s t  t o t a l  n i t r o g e n  l o a d s  from 
River  Basin Group 1.1 w e r e  from t h e  Super ior  Slope Complex and t h e  S t .  
Louis  River bas in .  
matter p r e s e n t  i n  t h e  watersheds of  these b a s i n s .  T h e  Apost le  I s l a n d  
Complex, which had t h e  l a r g e s t  suspended s o l i d s  and t o t a l  phosphorus 
i n p u t ,  d i d  n o t  c o n t r i b u t e  t h e  l a r g e s t  t o t a l  n i t r o g e n  i n p u t .  General ly ,  
t o t a l  n i t r o g e n  l o a d s  decreased between 1975 and 1976, which reflects t h e  
o v e r a l l  decrease  i n  f low f o r  t h e  t r i b u t a r i e s  i n  t h i s  river b a s i n  group. 
Nitrate n i t r o g e n  l o a d s  most o f t e n  exceeded t h e  i n p u t s  o f  ammonia n i t r o g e n  
f o r  River  Basin Group 1.1. D i f f u s e  sources  accounted f o r  a m a j o r i t y  of 
t h e  n i t r a t e  n i t r o g e n  l o a d s ,  whi le  p o i n t  source  i n p u t s  accounted f o r  a 
l a r g e  f r a c t i o n  of  t h e  ammonia n i t r o g e n  load .  

This  may re f lec t  t h e  l a r g e r  q u a n t i t y  o r  organic  

Chloride loadings  f o r  River  Basin Group 1.1 ( s e e  Table  7 ) r e f l e c t  
t h e  r e l a t i v e l y  undeveloped n a t u r e  of t h e  watershed. Only t h e  S t .  Louis 
River b a s i n  and t h e  Montreal River  Complex c o n t a i n  e x t e n s i v e  urban areas 
w i t h i n  t h e i r  watersheds,  and both  r e c e i v e  s i g n i f i c a n t  p o i n t  s o u r c e  i n p u t s  
of c h l o r i d e .  Chlor ide  l o a d s  g e n e r a l l y  decreased between 1975 and 1976; 
t h i s  a g a i n  c o i n c i d e s  w i t h  decreased flows i n  1976 ( s e e  Table  1 1 ) .  The 
Bad River r e p r e s e n t s  one except ion.  Here t h e  c h l o r i d e  load  decreased i n  
s p i t e  o f  i n c r e a s e d  flow between 1975 and 1976. Upon review of  t h e  Bad 
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River load ing  d a t a ,  i t  w a s  noted t h a t  an unusual ly  h igh  c h l o r i d e  concen t r a t ion  
w a s  r e p o r t e d  i n  1975. Th i s  h igh  c o n c e n t r a t i o n  may have b i a s e d  t h e  load ing  
estimate, r e s u l t i n g  i n  an u n r e p r e s e n t a t i v e  estimate of t h e  1975 c h l o r i d e  
load  from t h e  Bad River. 

River  Basin Group 1 .2 .  S e v e r a l  small r ivers which d r a i n  r e l a t i v e l y  
undeveloped land  c h a r a c t e r i z e  t h i s  reg ion .  Measured flow from t h i s  r i v e r  
b a s i n  group d i d  n o t  change s i g n i f i c a n t l y  between 1975 and 1976. I n  f a c t ,  
measured flows dur ing  1975 and 1976 w e r e  ve ry  c l o s e  t o  t h e  long-term 
average  h i s t o r i c a l  flows. The flows du r ing  t h e  s p r i n g  months of water 
yea r s  1975 and 1976 w e r e  a l s o  r e l a t i v e l y  c o n s t a n t .  Roughly two-thirds of 
a l l  e s t ima ted  loads  f o r  River Basin Group 1 . 2  were based on monitored d a t a .  

Tab le  7 i n d i c a t e s  t h a t  c a l c u l a t e d  t o t a l  phosphorus load ings  v a r i e d  
l i t t l e  between 1975 and 1976. The Ontonagon River  w a s  t h e  l a r g e s t  
phosphorus c o n t r i b u t o r  i n  t h i s  hydro log ic  area, and a l s o  had t h e  h i g h e s t  
annual  d i f f u s e  u n i t  area load ing  r a t e  f o r  t o t a l  phosphorus. The 
c a l c u l a t e d  t o t a l  phosphorus d i d  d e c r e a s e  between 1975 and 1976, a l though 
t h e  mean annual  flow from t h e  Ontonagon River  d i d  n o t .  

S o l u b l e  o r t h o  phosphorus loads  w e r e  comparatively low from River Basin 
Group 1 . 2  du r ing  t h e  1975 and 1976 w a t e r  y e a r s  (see. Table 11). The 
c a l c u l a t e d  load  from t h e  Ontonagon River i nc reased  over  t h i s  p e r i o d ,  wh i l e  
o t h e r  hydro logic  areas e x h i b i t e d  l i t t l e  v a r i a t i o n  i n  t h e i r  c a l c u l a t e d  
s o l u b l e  o r t h o  phosphorus ou tpu t .  Municipal p o i n t  sou rce  d i scha rges  
accounted f o r  a l a r g e  f r a c t i o n  of t h e  s o l u b l e  o r t h o  phosphorus load .  
Examination of t h e  r a t i o  of s o l u b l e  o r t h o  phosphorus t o  t o t a l  phosphorus 
loads  r evea led  a wide v a r i a t i o n  over  t h i s  two-year pe r iod  of s tudy .  
The lowest r a t i o  of s o l u b l e  o r t h o  phosphorus t o  t o t a l  phosphorus f o r  t h i s  
r i v e r  b a s i n  group w a s  a s s o c i a t e d  wi th  t h e  Ontonagon River i n  1975. 

Monitored loads  of suspended s o l i d s  t o  Lake Super ior  comprised 70 
pe rcen t  o r  more of t h e  t o t a l  suspended s o l i d s  load ings  from River Basin 
Group 1 .2 .  The Ontonagon River  r ep resen ted  the  l a r g e s t  c o n t r i b u t o r .  
A s  w i l l  be  d i scussed  l a t e r ,  t h e  Ontonagon River d r a i n s  a watershed 
con ta in ing  e x t e n s i v e  c l a y  s o i l  areas. It i s  i n t e r e s t i n g  t o  n o t e  t h a t  a 
l a r g e  d e c r e a s e  i n  suspended s o l i d s  load ings  occurred between 1975 and 1976 
from t h e  Ontonagon River .  Th i s  dec rease  co inc ides  wi th  t h e  dec rease  
observed f o r  t o t a l  phosphorus. D i f f u s e  sou rce  i n p u t s  accounted f o r  
a l l  t h e  suspended s o l i d s  load ings  from River  Basin Group 1 . 2 ,  except i n  
Hydrologic Area 1 . 2 . 1  - t h e  Porcupine Mountains Complex. Discharges  
from mining o p e r a t i o n s  i n  t h e  Mineral  and I r o n  River  watersheds accounted 
f o r  much of t h e  load  from t h i s  complex. 

Monitored loads  of t o t a l  n i t r o g e n  accounted f o r  approximately 50 
pe rcen t  of t h e  t o t a l  load  i n  1975. I n  1976 t h i s  percentage  w a s  somewhat 
less. The Ontonagon River w a s  t h e  l a r g e s t  c o n t r i b u t o r  of t o t a l  n i t r o g e n  
i n  water y e a r  1975 ( s e e  Table  7 ) ,  whi le  t h e  Keweenaw Pen insu la  Complex 
c o n t r i b u t e d  t h e  l a r g e s t  load i n  1976. However, because t h e  t r i b u t a r i e s  
w i t h i n  t h e  Keweenaw Pen insu la  Complex were n o t  moni tored ,  t h e  Keweenaw 
load  is only a rough approximation. The Huron Mountain Complex and t h e  
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Porcupine Mountains Complex both  rece ived  s i g n i f i c a n t  p o i n t  sou rce  i n p u t s  
of t o t a l  n i t r o g e n .  

Ni t ra te  n i t r o g e n  l o a d s  remained r e l a t i v e l y  cons t an t  between 1975 and 
1976. Ammonia n i t r o g e n  loads  were small du r ing  bo th  water y e a r s .  
Poin t  sou rce  c o n t r i b u t i o n s  were s u b s t a n t i a l  i n  t h e  Porcupine Mountains Complex, 
t h e  Huron Mountain Complex, and t h e  Tahquamenon River  hydro logic  area. 

The major sou rce  of c h l o r i d e  loads  from River Basin Group 1 . 2  i s  
t h e  Porcupine Mountains Complex. Discharges of b r i n e  from mining 
o p e r a t i o n s  i n t o  t h e  Mineral  River  appear t o  account f o r  t h i s  h igh  
c h l o r i d e  load .  I n  f a c t ,  p o i n t  sou rce  loads  from t h e s e  o p e r a t i o n s  of 33,000 
metric tons  p e r  yea r  have been e s t ima ted  which accounts  f o r  35 t o  40 
percen t  of t h e  t o t a l  U. S .  t r i b u t a r y  load  of c h l o r i d e  t o  Lake Super ior .  
Municipal d i s c h a r g e s  comprise t h e  o t h e r  p o i n t  sou rce  i n p u t s  of c h l o r i d e  
t o  t h e  I r o n  Mountain Complex and t o  t h e  Tahquamenon River. The Carp 
River r ece ived  a l l  t h e  munic ipa l  d i scha rges  t o  t h e  Huron Mountain Complex. 

Lake Michigan 

River  Basin Group 2.1. This  r iver b a s i n  group is  comprised of 
undeveloped watersheds  i n  t h e  n o r t h  and more developed a g r i c u l t u r a l i z e d  
watersheds  i n  t h e  south .  The area w a s  e x t e n s i v e l y  monitored and 
approximately 70 percent  of t h e  loads  e s t ima ted  f o r  t h i s  group were based 
on f i e l d  d a t a .  The 1975 and 1976 monitored flows i n  River  Basin Group 2 . 1  
were similar. 
approximately equal  t o  t h e  long-term average  f lows .  The Menominee, 
Fox, Pesh t igo ,  and Oconto Rivers  had t h e  l a r g e s t  mean annual  flow. 

A d d i t i o n a l l y ,  t h e  1975 and 1976 mean annual  flows were 

Table  7 shows t h e  Fox River  t o  be t h e  l a r g e s t  c o n t r i b u t o r  of t o t a l  
phosphorus i n  t h i s  r i v e r  b a s i n  group. The Green Bay Complex, which 
inc ludes  t h e  Manitowoc and Sheboygan Rivers as w e l l  as a number of smaller 
t r i b u t a r i e s ,  a l s o  c o n t r i b u t e d  a s i g n i f i c a n t  amount of phosphorus t o  Lake 
Michigan. The Fox River  had a l a r g e  p o i n t  sou rce  component (assuming 
100 p e r c e n t  d e l i v e r y  of po in t  sou rce  l o a d s ) .  S i m i l a r l y ,  t h e  Green Bay 
Complex conta ined  s i g n i f i c a n t  p o i n t  sou rce  i n p u t s ,  p a r t i c u l a r l y  f o r  1975 
as shown i n  Table  7 .  S i g n i f i c a n t  p o r t i o n s  of t h e  Fox River and t h e  
Green Bay Complex are loca ted  i n  t h e  more a g r i c u l t u r a l i z e d  and urbanized  
sou the rn  p o r t i o n  of t h e  r i v e r  b a s i n  group. 

Desp i t e  t h e  f a c t  t h a t  t h e  Fox River  c o n t r i b u t e d  t h e  l a r g e s t  t o t a l  
phosphorus l o a d ,  i t s  annual  d i f f u s e  u n i t  area load  w a s  q u i t e  s m a l l .  
This  i s  a r e s u l t  o f  a t  least two fac to r s - - the  l a r g e  s i z e  of t h e  Fox River 
watershed and t h e  f a c t  t h a t  t h e  ma jo r i ty  of t h i s  area d r a i n s  i n t o  Lake 
Winnebago, where many c o n s t i t u e n t s  s e t t l e  o u t .  The re fo re ,  d i f f u s e  d ra inage  
t o  t h e  Fox River i s  less than  would normally be  expected f o r  a watershed 
of t h i s  s i z e .  

Few s i g n i f i c a n t  d i f f e r e n c e s  were observed i n  t o t a l  phosphorus loads  
between 1975 and 1976 f o r  t h e  major hydro logic  areas. 
a s s o c i a t e d  loads  unders tandably  e x h i b i t e d  a g r e a t e r  pe rcen t  v a r i a t i o n  from 

Areas having small 
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year-to-year,  b u t  t h e  magnitude of t h e  t o t a l  load  remained s m a l l  i n  
comparison t o  t h e  i n p u t  from o t h e r  watersheds.  The g e n e r a l l y  small 
v a r i a t i o n  i n  t o t a l  phosphorus loads  r e f l e c t s  t h e  r e l a t i v e l y  c o n s t a n t  
flow c o n d i t i o n s  between 1975 and 1976 f o r  t h e s e  t r i b u t a r i e s .  

As w a s  t h e  c a s e  f o r  t o t a l  phosphorus, t h e  l a r g e s t  c o n t r i b u t o r s  of 
s o l u b l e  o r t h o  phosphorus t o  Lake Michigan i n  River Basin Group 2 . 1  w e r e  
t h e  Fox River  and t h e  Green Bay Complex ( s e e  Table  7 ). Poin t  sou rce  
i n p u t s  of s o l u b l e  o r t h o  phosphorus w e r e  s i g n i f i c a n t  i n  t h e  Green Bay 
Complex, t h e  Fox R ive r ,  and t h e  Menominee River .  Although s o l u b l e  o r t h o  
phosphorus loads  comprised roughly 50 pe rcen t  of t h e  t o t a l  phosphorus loads  
t o  t h e  Menominee River  du r ing  1975, t h e r e  w a s  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  
s o l u b l e  o r t h o  phosphorus t o  t o t a l  phosphorus r a t i o  i n  1976. The Green Bay 
Complex maintained a r e l a t i v e l y  h igh  s o l u b l e  o r t h o  ,phosphorus t o  t o t a l  
phosphorus load  r a t i o  i n  both  water y e a r s  1975 and 1976. 

The Fox River and t h e  Green Bay Complex a l s o  were t h e  l a r g e s t  sou rces  
of suspended s o l i d s  t o  Lake Michigan from River Basin Group 2.1. Po in t  
sou rce  c o n t r i b u t i o n s  w e r e  s i g n i f i c a n t  f o r  t h e  Fox River ,  as w e l l  as f o r  
t h e  Oconto and Menominee R ive r s  d u r i n g  b o t h  1975 and 1976. 
s o l i d s  inc reased  between 1975 and 1976 w i t h  t h e  except ion  of t h e  Green Bay 
Complex. The l a r g e  r e d u c t i o n  i n  suspended s o l i d s  load ings  f o r  t h e  Green 
Bay Complex w a s  p r i m a r i l y  due t o  a l a r g e  dec rease  i n  load ings  from t h e  
Manitowoc River .  The reason  f o r  t h i s  dec rease  i s  no t  obvious,  a l though  
i t  may b e  r e l a t e d  t o  t h e  f a c t  t h a t  some h igh  flow and f i e l d  c o n c e n t r a t i o n  
measurements were c o i n c i d e n t l y  c o l l e c t e d  du r ing  1975 bu t  n o t  i n  1976. 

Suspended 

The Fox River and t h e  Green Bay Complex a g a i n  c o n t r i b u t e d  t h e  l a r g e s t  
q u a n t i t i e s  of t o t a l  n i t r o g e n  from River  Basin Group 2 . 1 .  The Fox River 
a l s o  r ece ived  t h e  l a r g e s t  c o n t r i b u t i o n  from p o i n t  sou rces  i n  t e r m s  of t h e  
percentage  of t h e  t o t a l  n i t r o g e n  load .  Gene ra l ly ,  t h e r e  w a s  l i t t l e  
d i f f e r e n c e  between t h e  1975 and t h e  1976 t o t a l  n i t r o g e n  load. 

A m m o n i a  n i t r o g e n  and n i t r a t e  n i t r o g e n  load ings  w e r e  un l ike  some of 
t h e  o t h e r  parameters i n  t h a t  t h e  Fox River  w a s  no t  t h e  l a r g e s t  c o n t r i b u t o r .  
The Oconto River c o n t r i b u t e d  t h e  l a r g e s t  ammonia n i t r o g e n  inpu t  from 
River Basin Group 2.1. The Green Bay Complex w a s  t h e  l a r g e s t  c o n t r i b u t o r  
of n i t r a t e  n i t r o g e n .  Assuming 100 pe rcen t  d e l i v e r y ,  p o i n t  sou rces  of 
ammonia accounted f o r  a l l  t h e  ammonia n i t r o g e n  d ischarged  from t h e  Fox River .  
Po in t  sou rces  a l s o  accounted f o r  a l l  t h e  n i t r a t e  n i t r o g e n  loads  from t h e  
Fox River i n  1976 and approximately 70 pe rcen t  i n  1975. I n  most ca ses  
both  n i t r a t e  n i t r o g e n  and ammonia n i t r o g e n  load ings  w e r e  h ighe r  i n  1975 
than  i n  1976. 

With r e s p e c t  t o  c h l o r i d e ,  t h e  Fox River w a s  aga in  t h e  l a r g e s t  
c o n t r i b u t o r  from River Basin Group 2 . 1 .  I d e n t i f i e d  p o i n t  sou rces  
accounted f o r  p o r t i o n s  of t h e  load  d e l i v e r e d  by t h e  Menominee R ive r ,  t h e  
Fox R ive r ,  and t h e  Green Bay Complex ( s e e  Table  7 ). The Suamoco Complex 
showed t h e  g r e a t e s t  v a r i a t i o n  i n  c h l o r i d e  load ing  between 1975 and 1976. 
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River Basin Group 2.2.  This  r i v e r  b a s i n  group c o n s i s t s  of t h e  
Chicago-Milwaukee Complex, which i n c l u d e s  t h e  Milwaukee River, Menomonee 
River, Root River ,  Waukeegan River,  Burns Di tch ,  Indiana Harbor Canal,  
and Gal ien  River. Table  11 i n d i c a t e s  t h a t  t h e  flow f o r  some of t h e s e  
t r i b u t a r i e s  i s  h i g h l y  v a r i a b l e .  The flow f o r  t h e  Milwaukee River i n  1975 
w a s  h i g h e r  t h a n  i n  1976, and b o t h  exceeded t h e  long-term h i s t o r i c a l  average.  
On t h e  o t h e r  hand, t h e  Root River had a h i g h e r  flow i n  1976 than  i n  1975, 
and t h e  t o t a l  f low w a s  below t h e  long-term h i s t o r i c a l  average. Loads 
w e r e  o n l y  c a l c u l a t e d  f o r  t h e  Milwaukee River, t h e  Menomonee River, and t h e  
Root River. S e v e r a l  t r i b u t a r i e s ,  i n c l u d i n g  t h e  Indiana  Harbor Canal,  
Burns Di tch ,  and t h e  Gal ien River, whi le  p o t e n t i a l l y  important  due t o  t h e i r  
h i g h l y  urban dra inage ,  lacked  s u f f i c i e n t  f low and c o n c e n t r a t i o n  d a t a  t o  
estimate t h e i r  a s s o c i a t e d  loads .  P o i n t  sources  a s s o c i a t e d  w i t h  t h e  
Indiana  Harbor Canal,  whi le  s i g n i f i c a n t ,  w e r e  assumed f o r  t h e  purposes  
of t h i s  r e p o r t  t o  b e  d i r e c t  s o u r c e s  and w i l l  b e  included i n  S u b a c t i v i t y  3-4 
of U .  S. Task D,  PLUARG. Evalua t ing  l o a d s  f o r  t h e s e  t r i b u t a r i e s  i s  
f u r t h e r  complicated by d i v e r s i o n s  of w a t e r  t o  t h e  M i s s i s s i p p i  d r a i n a g e  
and t h e  fac t  t h a t  f lows tend t o  b e  i n t e r m i t t e n t .  

O v e r a l l  t o t a l  phosphorus l o a d s  i n  1976 exceeded t h o s e  i n  1975 
i n  River  Basin Group 2 . 2 .  A d d i t i o n a l l y ,  s o l u b l e  o r t h o  phosphorus 
l o a d i n g s  i n c r e a s e d  from w a t e r  y e a r  1975 t o  water year  1976. The s o l u b l e  
o r t h o  phosphorus l o a d s  were about  20 percent  of t h e  t o t a l  phosphorus 
l o a d s  d u r i n g  both y e a r s .  

Unlike phosphorus l o a d s ,  suspended s o l i d s  l o a d s  decreased between 
1975 and 1976 from b o t h  t h e  Menomonee and Milwaukee Rivers. These 
changes account  f o r  t h e  o v e r a l l  drop i n  t h e  River Basin Group 2 . 2  
suspended s o l i d s  loadings  over  t h e  two-year per iod .  Flow f o r  bo th  
r i v e r s  a l s o  decreased between water y e a r s  1975 and 1976. 

Loadings of t o t a l  n i t r o g e n  from River Basin Group 2 . 2  were f a i r l y  
c o n s t a n t  between water y e a r s  1975 and 1976. Nitrate  n i t r o g e n  loadings  a l s o  
e x h i b i t e d  l i t t l e  v a r i a t i o n  over  t h e  two w a t e r  y e a r s ,  whi le  ammonia 
n i t r o g e n  loadings  decreased.  Assuming 100 p e r c e n t  d e l i v e r y ,  p o i n t  sources  
accounted f o r  about  10 percent  of t h e  n i t r a t e  n i t r o g e n  load.  Chlor ide  
loads  increased  between water year  1975 and 1976. Most of  t h e  c h l o r i d e  
load w a s  a p p a r e n t l y  der ived  from d i f f u s e  sources .  

River  Basin Group 2 . 3 .  This  b a s i n  group is comprised of r e l a t i v e l y  
l a r g e  r i v e r s  (e .  g . ,  t h e  S t .  Joseph River, t h e  Kalamazoo River, and t h e  
Grand River ) .  Gaging s t a t i o n s  i n  t h e  reg ion  i n d i c a t e d  r e l a t i v e l y  l i t t l e  
change i n  f low between water y e a r s  1975 and 1976 f o r  t h e  Kalamazoo River, 
w h i l e  t h e  S t .  Joseph and t h e  Grand River e x h i b i t e d  a marked i n c r e a s e  i n  
annual  mean d a i l y  f low dur ing  1976. I n  a l l  cases, flows monitored dur ing  
w a t e r  y e a r s  1975 and 1976 w e r e  g r e a t e r  than  t h e  long-term average annual  
mean d a i l y  flow. 
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Monitored l o a d s  f o r  a l l  parameters  accounted f o r  n e a r l y  a l l  t h e  
t o t a l  load  i n  River Basin Group 2.3. Thus, on ly  a s m a l l  percentage  of t h i s  
b a s i n  group ' s  t o t a l  loading  w a s  based on e x t r a p o l a t e d  informat ion .  

A s  shown i n  Table  7 t h e  Grand River  c o n t r i b u t e s  t h e  l a r g e s t  q u a n t i t y  
of  t o t a l  phosphorus of any t r i b u t a r y  d r a i n i n g  i n t o  Lake Michigan. 
rivers which d e l i v e r  major i n p u t s  from River Basin Group 2.3 a r e  t h e  
Kalamazoo, S t .  Joseph,  and t h e  Black River ( i n  O t t a w a  County). D i f f e r e n c e s  
i n  t o t a l  phosphorus l o a d s  between 1975 and 1976 were g e n e r a l l y  c o n s i s t e n t  
w i t h  d i f f e r e n c e s  i n  t h e  f low between t h e s e  two water y e a r s .  P o i n t  source  
i n p u t s  accounted f o r  a l a r g e  p a r t  of t h e  t o t a l  phosphorus load  from t h i s  
r i v e r  b a s i n  group. 

Other 

Soluble  o r t h o  phosphorus l o a d s  from River Basin Group 2.3 v a r i e d  i n  
roughly t h e  s a m e  f a s h i o n  as t o t a l  phosphorus l o a d s  between w a t e r  y e a r s  
1975 and 1976. The S t .  Joseph River w a s  one except ion.  Here t h e  s o l u b l e  
o r t h o  phosphorus load  i n c r e a s e d  s i g n i f i c a n t l y  between 1975 and 1976. The 
r e l a t i v e  importance of p o i n t  sources  v a r i e d  widely w i t h i n  t h e  r iver  b a s i n  
group, and i n  some cases, p o i n t  source  i n p u t s  accounted f o r  a l l  t h e  t o t a l  
s o l u b l e  o r t h o  phosphorus load.  

The S t .  Joseph River c o n t r i b u t e d  t h e  l a r g e s t  q u a n t i t y  of suspended 
s o l i d s  of any t r i 5 u t a r y  i n  River Basin Group 2 . 3  and,  i n  f a c t ,  of  any 
Lake Michigan t r i b u t a r y  d u r i n g  w a t e r  year  1975 ( s e e  Table  7 ) .  During 
1976, t h e  Grand River w a s  found t o  b e  t h e  l a r g e s t  c o n t r i b u t o r  of suspended 
s o l i d s  t o  Lake Michigan. Suspended s o l i d s  l o a d s  were g e n e r a l l y  h igher  
i n  1975 than  1976. A p a r t i c u l a r l y  l a r g e  i n c r e a s e  i n  suspended s o l i d s  load  
was observed f o r  t h e  Grand River between water y e a r  1975 and 1976 
( p r i m a r i l y  due t o  a n  i n c r e a s e  i n  f low).  The Kalamazoo River had some 
s i g n i f i c a n t  p o i n t  s o u r c e  l o a d s  from both  municipal  and i n d u s t r i a l  i n p u t s .  

T o t a l  n i t r o g e n  l o a d s  v a r i e d  l i t t l e  between water y e a r s  1975 and 1976. 
The Grand River  w a s  n o t  only t h e  l a r g e s t  c o n t r i b u t o r  of t o t a l  n i t r o g e n  i n  
River Basin Group 2 . 3 ,  b u t  a l s o  t h e  l a r g e s t  c o n t r i b u t o r  t o  Lake Michigan 
( s e e  Table  7 ) .  Assuming 100 p e r c e n t  d e l i v e r y ,  p o i n t  sources  of t o t a l  
n i t r o g e n  account f o r  up t o  50 percent  of t h e  t r i b u t a r y  load  from River 
Basin Group 2.3. Ni t ra te  n i t r o g e n  behaved s i m i l a r l y  t o  t o t a l  n i t r o g e n  
dur ing  1975 and 1976. P o i n t  sources  accounted f o r  as  much as  70 p e r c e n t  of 
t h e  n i t r a t e  l oad .  The ammonia n i t r o g e n  load  from r i v e r s  w i t h i n  River Basin 
Group 2 .3  w a s  v a r i a b l e  between 1975 and 1976. Estimated p o i n t  source  i n p u t s  
of  ammonia accounted f o r  a l l  t h e  t o t a l  load  from t h e  S t .  Joseph River,  t h e  
Kalamazoo River, and t h e  Grand River (assuming 100 p e r c e n t  d e l i v e r y ) .  

The Grand River w a s  t h e  l a r g e s t  c o n t r i b u t o r  of c h l o r i d e s  t o  Lake 
Michigan f o r  bo th  w a t e r  y e a r s .  Despi te  t h e  f a c t  t h a t  t h e  flow of  t h e  Grand 
River w a s  s i g n i f i c a n t l y  h igher  i n  1976, t h e  c h l o r i d e  load decreased from 
t h e  1975 va lue .  Assuming 100 percent  d e l i v e r y ,  p o i n t  source  i n p u t s  of 
c h l o r i d e  accounted f o r  up t o  30 percent  of  t h e  c h l o r i d e  l o a d s  i n  River  Basin 
Group 2 . 3 ,  a s  shown i n  Table  7 .  
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River  Basin Group 2 . 4 .  The Muskegon, P e r e  Marquette,  Betsie,  
Boardman, Manis t ique ,  and Escanaba Rivers  are t h e  major r i v e r s  inc luded  i n  
River  Basin Group 2 . 4 .  About 60 p e r c e n t  of a l l  t h e  t o t a l  l oads  a s s o c i a t e d  
wi th  t h i s  r i v e r  b a s i n  group are based on f i e l d  d a t a .  Gene ra l ly ,  l oads  
w e r e  h ighe r  dur ing  1976 than  1975. The Muskegon R ive r ,  one of t h e  l a r g e s t  
r i v e r s  i n  t h i s  r iver  b a s i n  group, had a s i g n i f i c a n t l y  h ighe r  mean annual  
flow i n  1976 than  i n  1975. Also,  flow l e v e l s  du r ing  March, A p r i l ,  and May 
were s i g n i f i c a n t l y  h ighe r  i n  1976 than  i n  1975. With t h e  except ion  of t h e  
Escanaba River  i n  Michigan's Upper Pen insu la ,  measured mean annua l  flows 
du r ing  bo th  1975 and 1976 were above t h e  h i s t o r i c a l  average .  

The Muskegon River  and t h e  Sab le  Complex, which i n c l u d e s  t h e  Pere  
Marquette,  t h e  Big Sable ,  and t h e  White R ive r s ,  w e r e  t h e  l a r g e s t  c o n t r i b u t o r s  
of t o t a l  phosphorus i n  River  Basin Group 2 . 4 .  With t h e  except ion  of t h e  
Escanaba R ive r ,  t o t a l  phosphorus loads  w e r e  t h e  same o r  h igher  i n  water 
yea r  1976 than  i n  water yea r  1975. P o i n t  sou rces  accounted f o r  t h e  
g r e a t e s t  pe rcen tage  of t h e  t o t a l  load  i n  t h e  Manistee River .  

So lub le  o r t h o  phosphorus loads  g e n e r a l l y  inc reased  between water y e a r s  
1975 and 1976 w i t h  t h e  excep t ion  of t h e  s e v e r a l  Upper Peninsula  (Michigan) 
hydro log ic  areas. Po in t  sou rce  i n p u t s  accounted f o r  most of t h e  s o l u b l e  
o r t h o  phosphorus load  from t h e  Manistee River.  The r a t i o  of s o l u b l e  
o r t h o  phosphorus t o  t o t a l  phosphorus, a l though s l i g h t l y  less i n  1976, w a s  
f a i r l y  c o n s i s t e n t  over  bo th  water y e a r s .  

The Muskegon River was t h e  l a r g e s t  c o n t r i b u t o r  of suspended s o l i d s  t o  
Lake Michigan from River Basin Group 2 . 4  dur ing  both  1975 and 1976. I t  
a l s o  e x h i b i t e d  a sha rp  i n c r e a s e  i n  suspended s o l i d s  load  between 1975 and 
1976. A s  u s u a l ,  p o i n t  sou rces  accounted f o r  on ly  a s m a l l  p e r c e n t  of t h e  
t o t a l  suspended s o l i d s  load .  

A s  i n d i c a t e d  i n  Table 7 ,  t h e  Muskegon River w a s  t h e  l a r g e s t  
c o n t r i b u t o r  of t o t a l  n i t r o g e n  from River  Bas in  Group 2 . 4 .  T o t a l  n i t r o g e n  
load ings  from R i v e r  Basin Group 2 . 4  w e r e  g e n e r a l l y  h ighe r  i n  water y e a r  
1976 wi th  t h e  except ion  of  t h e  Bay D e  Noc Complex and t h e  Escanaba River .  
T o t a l  n i t r o g e n  loads  i n  t h e s e  two complexes w e r e  low f o r  bo th  y e a r s ,  
however. The Muskegon River w a s  a l s o  t h e  l a r g e s t  c o n t r i b u t o r  of n i t r a t e  
n i t r o g e n .  On t h e  o t h e r  hand, c o n t r i b u t i o n s  of ammonia n i t r o g e n  w e r e  
h ighe r  from o t h e r  hydro logic  areas i n  bo th  1975 and 1976. P o i n t  sou rces  
accounted f o r  a l a r g e  f r a c t i o n  of t h e  t o t a l  ammonia n i t r o g e n  loads  from 
t r i b u t a r i e s  d r a i n i n g  i n t o  Lake Michigan from t h e  Lower Peninsula  t o  t h e  
S t a t e  of Michigan. 

Chlor ide  l o a d s  e i t h e r  remained r e l a t i v e l y  cons t an t  o r  decreased  over 
t h e  1975 and 1976 water y e a r s .  The Manistee River c o n t r i b u t e d  t h e  l a r g e s t  
c h l o r i d e  load .  Almost a l l  t h e s e  loads  dur ing  1975 and 1976 could be  
a t t r i b u t e d  t o  p o i n t  sou rce  i n p u t s .  I n d u s t r i a l  sa l t  o p e r a t i o n s  i n  t h e  
Manistee watershed appa ren t ly  c o n t r i b u t e d  t o  t h e  high c h l o r i d e  load  
a s s o c i a t e d  w i t h  t h e  r i v e r .  I n  a d d i t i o n ,  p o i n t  sou rces  a l s o  accounted f o r  
a l a r g e  p o r t i o n  of t h e  c h l o r i d e  load ing  from t h e  Sable  Complex. 
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Lake Huron 

River Basin Group 3.1. River  Basin Group 3.1 i s  r e l a t i v e l y  undeveloped 
and i t s  t r i b u t a r i e s  are a l l  comparatively s m a l l .  Discharges of t r i b u t a r i e s  
i n  1975 and 1976 were g e n e r a l l y  h ighe r  t han  t h e  long-term h i s t o r i c a l  r eco rd .  
T r i b u t a r i e s  l o c a t e d  i n  t h e  sou the rn  p a r t  of t h i s  r i v e r  b a s i n  group exh ib i t ed  
s i g n i f i c a n t l y  h ighe r  flows i n  1976 compared t o  1975. The monitored load 
accounted f o r  less than  50 pe rcen t  of t h e  t o t a l  l oad  f o r  some parameters 
dur ing  both  1975 and 1976, i n d i c a t i n g  t h e  r e l a t i v e  s c a r c i t y  of f i e l d  
moni tor ing  d a t a  nea r  t h e  r i v e r  mouths of t h e s e  t r i b u t a r i e s .  

Con t r ibu t ions  of phosphorus from t h e  hydro log ic  areas i n  River  Basin 
Group 3.1 w e r e  g e n e r a l l y  low ( s e e  Table 7 ). The l a r g e s t  c o n t r i b u t i n g  
hydro logic  area w a s  t h e  L e s  Cheneaux area. Only i n  t h e  Rifle-Au Gres 
Complex d i d  p o i n t  sou rce  i n p u t s  account f o r  a s i g n i f i c a n t  p o r t i o n  of t h e  
t o t a l  phosphorus load .  So lub le  o r t h o  phosphorus loads  were a l s o  r e l a t i v e l y  
low, u s u a l l y  less than  50 percent  of t h e  t o t a l  phosphorus loads .  I n  t h e  
case of  Presque Isle Complex, t h e  e s t ima ted  s o l u b l e  o r t h o  phosphorus 
load  i n  1975 exceeded t h e  t o t a l  phosphorus load .  T h i s ,  of cour se ,  i s  an 
i m p o s s i b i l i t y  and is a n  anomaly r e s u l t i n g  i n  p a r t  from t h e  f a c t  t h a t  two 
d i f f e r e n t  d a t a  sets were used  i n  c a l c u l a t i n g  t h e  load .  F u r t h e r ,  bo th  
s o l u b l e  o r t h o  phosphorus and t o t a l  phosphorus concen t r a t ions  w e r e  bordered 
on t h e  a n a l y t i c a l  d e t e c t i o n  l i m i t ,  so t h a t  a small  d i f f e r e n c e  i n  c o n c e n t r a t i o n  
could r e s u l t  i n  a r e l a t i v e l y  l a r g e  change i n  t h e  load .  

The suspended s o l i d s  loads  from River Basin Group 3 .1  w e r e  dominated 
by t h e  L e s  Cheneaux Complex ( s e e  Table  7 ). This  complex produced a 
s i g n i f i c a n t l y  h ighe r  load  du r ing  water y e a r  1975 and 1976. The only  
monitored r i v e r  i n  t h i s  complex w a s  t h e  P i n e  River  and t h e  h igh  load  f o r  
1975 w a s  a p p r e n t l y  t h e  r e s u l t ,  i n  p a r t ,  of a h igh  c o n c e n t r a t i o n  measured 
dur ing  t h e  h igh  flow c o n d i t i o n s  i n  1975. Because of t h i s  excess ive  
suspended s o l i d s  load  from t h e  P ine  River i n  water yea r  1975, t h e  o v e r a l l  
suspended s o l i d s  load  from River  Basin Group 3 . l w a s  approximately t w i c e  
as high i n  w a t e r  yea r  1 9 7 5  than in 1976. 

A s  shown i n  Table 7 ,  d i f f u s e  sou rces  accounted f o r  t h e  m a j o r i t y  of 
t h e  t o t a l  n i t r o g e n  loads  from River  Basin Group 3.1. 
appear t o  be  r e s p o n s i b l e  f o r  most of t h e  n i t r a t e  n i t r o g e n  load ing  ( s e e  
Table 
s i g n i f i c a n t  p o r t i o n  of t h e  ammonia n i t r o g e n  load  i n  t h e  Rifle-Au Gres 
Complex. 
n i t r o g e n  i n  River  Basin Group 3 .1 .  

D i f f u s e  sou rces  a l s o  

7 ) .  P o i n t  sou rce  i n p u t s  of ammonia n i t r o g e n  accounted f o r  a 

The Rifle-Au Gres Complex w a s  a major sou rce  of a l l  forms of 

The Rifle-Au Gres Complex and t h e  Au Sable-Alcona Complex were t h e  
l a r g e s t  c o n t r i b u t o r s  of c h l o r i d e  t o  Lake Huron du r ing  t h e  1975 and 1976 
water y e a r s  from River  Basin Group 3 .1  ( s e e  Table 7 ).  The c o n t r i b u t i o n s  
of c h l o r i d e  from i d e n t i f i e d  p o i n t  sou rces  i n  t h i s  r i v e r  b a s i n  group were 
q u i t e  s m a l l .  
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River  Basin Group 3.2. This  p a r t i c u l a r  r iver  b a s i n  group c o n s i s t s  of 
on ly  t h r e e  hydro logic  areas. The dominate of t h e s e  i s  t h e  Saginaw River 
b a s i n ,  which i n c l u d e s  major i n d u s t r i a l i z e d  areas. 
an a g r i c u l t u r a l i z e d  watershed c h a r a c t e r i z e d  by e x t e n s i v e  man-made d r a i n s  
l o c a t e d  i n  much of  t h e  complex. 
complexes had a g r e a t e r  d i s c h a r g e  i n  water yea r  1976 than  i n  water y e a r  1975. 
I n  a d d i t i o n ,  d i scha rges  du r ing  bo th  y e a r s  w e r e  g r e a t e r  than  t h e  long-term 
h i s t o r i c a l  average .  The monitored load  accounted f o r  t h e  m a j o r i t y  of t h e  
loads  r epor t ed  i n  River  Bas in  Group 3.2 ( s e e  Table  7 ). 

The Thumb Complex is  

A s  shown i n  Table  11, r i v e r s  w i t h i n  t h e s e  

The Saginaw River r ep resen ted  t h e  major sou rce  of t o t a l  phosphorus 
loads  from River Basin Group 3.2 and from t h e  ent i re  U .  S. Lake Huron 
bas in .  About 70 percent  of t h e  t o t a l  phosphorus load  from U .  S .  t r i b u t a r i e s  
comes from t h e  Saginaw River.  Th i s  l a r g e  pe rcen tage  i s  a l s o  found f o r  
o t h e r  parameters. 
of t h e  t o t a l  phosphorus load  f o r  bo th  t h e  Saginaw River and Kawkawlin Complex 
The r a t i o  of s o l u b l e  o r t h o  phosphorus t o  t o t a l  phosphorus w a s  e q u a l  t o  o r  
less than  0.5 f o r  a l l  t h r e e  complexes. 

Po in t  sou rce  i n p u t s  accounted f o r  a s i g n i f i c a n t  p o r t i o n  

The suspended s o l i d s  loads  from River  Basin Group 3.2 were a l s o  
dominated by t h e  Saginaw River .  
t o t a l  suspended s o l i d s  load  from t h e  Thumb Complex w a s  based on p r o j e c t e d  
estimates r a t h e r  than  monitored d a t a ,  t h e  r e s u l t s  i n d i c a t e  t h a t  t h i s  
complex a l s o  c o n t r i b u t e s  a l a r g e  p o r t i o n  of t h e  suspended s o l i d s  load  
from t h i s  r i v e r  b a s i n  group. A sha rp  i n c r e a s e  i n  t h e  suspended s o l i d s  
loading  w a s  observed between 1975 and 1976 i n  t h e  Saginaw River and t h e  
Thumb Complex. 

Although a s i g n i f i c a n t  p o r t i o n  of t h e  

The Saginaw River  w a s  a l s o  t h e  l a r g e s t  c o n t r i b u t o r  of t o t a l  n i t r o g e n  
from River  Bas in  Group 3.2. Nitrate n i t r o g e n  loads were r e l a t i v e l y  h igh  
i n  t h i s  complex compared t o  t h e  t o t a l  n i t r o g e n  loads .  Approximately 
1 2  pe rcen t  of t h e  Saginaw River  load  could be  a t r i b u t e d  t o  p o i n t  s o u r c e  
i n p u t s  of n i t r a t e .  The Saginaw River a l s o  r ep resen ted  t h e  most s i g n i f i c a n t  
source of ammonia nitrogen loads. Ammonia p o i n t  sou rces  accounted f o r  t h e  
m a j o r i t y  of t h e  load  c o n t r i b u t e d  t o  Lake Huron from t h e  Saginaw River .  

A s  might be  expec ted ,  t h e  Saginaw River c o n t r i b u t e d  t h e  h i g h e s t  
c h l o r i d e  loads  from River Basin Group 3.2.  Chlor ide  loads  from t h e  
Saginaw River  and Thumb Complex inc reased  between water y e a r  1975 and 
1976 ( s e e  Table  7 ). Approximately 40 percen t  of t h e  c h l o r i d e  load  from 
t h e  Saginaw River  could be  a t t r i b u t e d  t o  p o i n t  sou rce  d i scha rges .  

Lake Erie  

A s  d i scussed  i n  t h e  methodology, t h e  Lake E r i e  loads  are b a s i c a l l y  
the  same l o a d s  r e p o r t e d  by t h e  U. S .  Army Corps of Engineers i n  t h e i r  
Lake E r i e  Wastewater Management Study. Because Lake E r i e  t r i b u t a r i e s  
have been e x t e n s i v e l y  d i scussed  and analyzed (Corps of Engineers ,  1975),  
on ly  a b r i e f  e v a l u a t i o n  of i n p u t s  from Lake E r i e  t r i b u t a r i e s  w i l l  be  given 
here.  
of Engineers a t  t h e  t i m e  of t h i s  w r i t i n g .  For a d d i t i o n a l  in format ion  on 

Furthermore,  1976 load ing  d a t a  were not a v a i l a b l e  from t h e  Corps 
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Lake E r i e  t r i b u t a r i e s ,  one may c o n s u l t  t h e  r e p o r t s  of t h e  Lake E r i e  
Wastewater Management Study. 

River Basin Group 4.1. Th i s  r i v e r  b a s i n  group inc ludes  a number of 
t r i b u t a r i e s  d r a i n i n g  i n t o  t h e  S t .  Clair River, Lake S t .  Cla i r ,  and t h e  
D e t r o i t  River .  T o t a l  phosphorus load ings  were h i g h e s t  from t h e  Rouge 
Complex and t h e  R a i s i n  River .  Po in t  s o u r c e  i n p u t s  of phosphorus were 
s i g n i f i c a n t  except  i n  t h e  Swan Creek Complex. So lub le  o r t h o  phosphorus 
t o  t o t a l  phosphorus r a t i o s  e x h i b i t e d  l a r g e  v a r i a t i o n s  w i t h i n  t h i s  r i v e r  
b a s i n  group. Analys is  of t h e  d a t a  i n d i c a t e d  t h a t  t h e  R a i s i n  River w a s  a 
l a r g e  c o n t r i b u t o r  of suspended s o l i d s .  L e s s  t han  25 pe rcen t  of t h e  1975 
suspended s o l i d s  load  f o r  River Basin Group 4 .1  w a s  based on monitored d a t a .  
A s  shown i n  Table  7 , t h e  Rouge Complex, which d r a i n s  some h e a v i l y  
i n d u s t r i a l i z e d  land  i n  t h e  D e t r o i t  area, r ece ived  a l a r g e  p o i n t  sou rce  i n p u t  
of suspended s o l i d s .  

T o t a l  n i t r o g e n  loads  i n  River  Basin Group 4 .1  were l a r g e l y  es t imated  
from u n i t  a r e a  load  f a c t o r s  r a t h e r  than  monitored d a t a .  The R a i s i n  River 
was t h e  l a r g e s t  c o n t r i b u t o r  of bo th  t o t a l  n i t r o g e n  and n i t r a t e  n i t r o g e n  
dur ing  water yea r  1975. The monitored load  of ammonia n i t r o g e n  a l s o  
comprised less than  h a l f  of t h e  t o t a l  es t imated  load. P o i n t  sou rce  i n p u t s  
of ammonia were s i g n i f i c a n t ,  account ing  f o r  t h e  t o t a l  load  from t h e  Rouge 
complex and t h e  Huron River  hydro logic  area. The R a i s i n  River  con t r ibu ted  
t h e  l a r g e s t  amount of c h l o r i d e  from t r i b u t a r i e s  i n  River Basin Group 4.1.  
Examination of t h e  d a t a  i n d i c a t e d  t h a t  c h l o r i d e  p o i n t  sou rces  w e r e  aga in  
s i g n i f i c a n t  i n  some of t h e  hydro logic  areas. 

River  Basin Group 4 . 2 .  This  r i v e r  b a s i n  group c o n s i s t s  of t r i b u t a r i e s  
which d r a i n  i n t o  t h e  wes tern  b a s i n  of Lake Erie.  The Maumee River i s  t h e  
dominant member of t h i s  r i v e r  b a s i n  i n  terms of l oad ing  c o n t r i b u t i o n s .  
A s  can be seen  from Table  7 , t h e  t o t a l  phosphorus and suspended s o l i d s  
loads  from t h e  Maumee River  exceeded t h o s e  of any o t h e r  t r i b u t a r y  i n  t h i s  
r i v e r  b a s i n  group. So lub le  o r t h o  phosphorus i n p u t s  accounted f o r  about 
20  pe rcen t  of t h e  t o t a l  phosphorus load .  

T o t a l  n i t r o g e n  loads  w e r e  a g a i n  h i g h e s t  from t h e  Maumee R ive r ,  as w e r e  
n i t r a t e  and ammonia loads .  Po in t  sou rce  c o n t r i b u t i o n s  of ammonia w e r e  
s i g n i f i c a n t  and ,  i n  t h e  case of t h e  Maumee River  and t h e  Toussaint-Portage 
Complex, accounted f o r  a m a j o r i t y  of t h e  t o t a l  ammonia load .  The Maumee 
River  w a s  t h e  primary source  of c h l o r i d e  from River Basin Group 4 .2 ,  
and i d e n t i f i e d  p o i n t  sou rces  accounted f o r  only a s m a l l  percentage  of t h e  t o t a l .  

R ive r  Basin Group 4.3. River Basin Group 4.3 c o n t a i n s  a number of 
s imi l a r - s i zed  r i v e r s  and inc ludes  t h e  d ra inage  of t h e  Cleveland m e t r o p o l i t a n  
area. I n s p e c t i o n  of Table  7 r e v e a l s  t h a t  Cuyahoga River  w a s  t h e  l a r g e s t  
c o n t r i b u t o r  of t o t a l  phosphorus from t h i s  group. The l a r g e s t  c o n t r i b u t o r  
of s o l u b l e  o r t h o  phosphorus, however, w a s  t h e  Black-Rocky Complex. 
Po in t  sou rces  accounted f o r  a l a r g e  p o r t i o n  of phosphorus loads  from the  
Cuyahoga River.  The Cuyahoga River w a s  a l s o  t h e  l a r g e s t  c o n t r i b u t o r  of 
suspended s o l i d s .  E s s e n t i a l l y  a l l  t h e  suspended s o l i d  load  f o r  t h e  r i v e r  
bas in  group were de r ived  from d i f f u s e  sou rces .  
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The Black-Rocky Complex dominated t h e  t o t a l  n i t r o g e n  loads  from River 
Basin Group 4 .3  and a l s o  c o n t r i b u t e d  t h e  h i g h e s t  q u a n t i t y  of ammonia 
n i t r a t e  n i t r o g e n .  
of t h e  t o t a l  n i t r o g e n  and n i t r a t e  n i t r o g e n  load  from t h e  Cuyahoga, as 
w e l l  as 100 pe rcen t  of t h e  ammonia n i t r o g e n  load  du r ing  water y e a r  1975. 
The Cuyahoga River  c o n t r i b u t e d  t h e  l a r g e s t  c h l o r i d e  load  t o  Lake Erie  
from River  Basin Group 4 . 3 .  

I d e n t i f i e d  p o i n t  sou rces  accounted f o r  a l a r g e  pe rcen t  

River Basin Group 4.4.  River  Basin Group 4 .4  d r a i n s  i n t o  t h e  e a s t e r n  
bas in  of  Lake E r i e .  Its watershed i n c l u d e s  p o r t i o n s  of Pennsylvania and 
New York. Of t h e  t h r e e  hydro logic  areas i n  River Basin Group 4 . 4 ,  
only t h e  loads  e s t ima ted  f o r  Cat ta raugus  Creek w e r e  based on f i e l d  d a t a .  
The Tonawanda Complex, which d r a i n s  t h e  Buf fa lo  area w a s  es t imated  t o  
c o n t r i b u t e  t h e  l a r g e s t  amount of t o t a l  phosphorus from River Basin Group 4 . 4  
( s e e  Table  7 ). A l a r g e  f r a c t i o n  of  t h i s  load  could be a t t r i b u t e d  t o  
p o i n t  s o u r c e  i n p u t s .  The r a t i o  of s o l u b l e  o r t h o  phosphorus l o a d s  t o  t o t a l  
phosphorus loads  w a s  c o n s i s t e n t l y  l o w ,  and p o i n t  sou rce  i n p u t s  accounted 
f o r  a l a r g e  p o r t i o n  of t h e  s o l u b l e  o r t h o  phosphorus load .  Cat ta raugus  
Creek c o n t r i b u t e d  t h e  l a r g e s t  amount of suspended s o l i d s  from River Basin 
Group 4 .4 .  

Table  7 i n d i c a t e s  t h a t  t h e  Tonawanda Complex w a s  es t imated  t o  be t h e  
l a r g e s t  c o n t r i b u t o r  of t o t a l  n i t r o g e n ,  n i t r a t e  n i t r o g e n ,  and ammonia 
n i t r o g e n  from River  Basin Group 4 . 4 .  P o i n t  sou rce  d i scha rges  of  ammonia 
accounted f o r  up t o  25 pe rcen t  of t h e  t o t a l  load  from t h e  hy ro log ic  
areas i n  River Basin Group 4.4. A d d i t i o n a l l y ,  t h e  Tonawanda Complex w a s  
e s t ima ted  t o  c o n t r i b u t e  t h e  l a r g e s t  c h l o r i d e  load  from River  Basin Group 4 . 4 .  

Lake On ta r io  

River  Basin Group 5.1. River Basin Group 5 . 1  c o n s i s t s  of  two complexes, 
from which only t h e  Genesee River  w a s  monitored. The Genesee River  
s i g n i f i c a n t l y  inc reased  i n  d i s c h a r g e  between 1975 and 1976, as shown i n  
Table 11. Also, the d i scha rge  du r ing  bo th  years w a s  g r e a t e r  t han  t h e  
h i s t o r i c a l  average. 

T o t a l  phosphorus loads  from t h e  Genesee River  i nc reased  between 1975 
and 1976. P o i n t  s o u r c e  i n p u t s  of t o t a l  phosphorus accounted f o r  20 t o  
30 percen t  of t h e  t o t a l  load .  So lub le  o r t h o  phosphorus loads  comprised 
roughly 1 5  pe rcen t  of t h e  Genesee River t o t a l  phosphorus load  du r ing  both 
1975 and 1976. P o i n t  sou rce  i n p u t s  could account f o r  a l a r g e  f r a c t i o n  
of s o l u b l e  o r t h o  phosphorus load  i n  River  Basin Group 5.1.  

Suspended s o l i d s  load ings  from t h e  Genesee River n e a r l y  doubled 
between 1975 and 1976. A l l  t h e  suspended loads  from t h e  Genesee River 
w e r e  a p p a r e n t l y  a t t r i b u t a b l e  t o  d i f f u s e  sou rce  i n p u t s .  

A s  shown i n  Table  7 ,  t o t a l  n i t r o g e n  loads  a lso inc reased  between 
1975 and 1976 i n  River  Basin Group 5.1.  Po in t  sou rce  i n p u t s  account f o r  
about 10 t o  30 percen t  of t h e  t o t a l  n i t r o g e n  load .  S i m i l a r l y ,  n i t r a t e  
n i t r o g e n  loads  inc reased  between 1975 and 1976, as d i d  ammonia n i t r o g e n  
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loads .  P o i n t  sou rce  i n p u t s  accounted f o r  a l a r g e  percentage  of t h e  t o t a l  
l oad  of ammonia n i t r o g e n  i n  R ive r  Basin Group 5.1. 

I n t e r e s t i n g l y ,  c h l o r i d e  loads  were t h e  same f o r  1975 and 1976 f o r  
River Basin Group 5 .1 ,  d e s p i t e  t h e  f a c t  t h a t  t h e  t r i b u t a r i e s  experienced 
a s i g n i f i c a n t  i n c r e a s e  i n  flow. P o i n t  sou rce  i n p u t s  of c h l o r i d e  t o  t h e  
Niagara-Orleans Complex were r e l a t i v e l y  l a r g e .  

River  Bas$n,Group 5.2. This  r i v e r  b a s i n  group i n c l u d e s  t h r e e  
hydro logic  areas. A s  w a s  t h e  case f o r  Rfver Basin Group 5.1,  on ly  one 
of t h e s e  areas, t h e  Oswego River ,  w a s  monitored. The Oswego River is by 
f a r  t h e  l a r g e s t  r i v e r  i n  t h i s  r i v e r  b a s i n  group, however. Discharge from 
t h e  Oswego w a s  s i g n i f i c a n t l y  h ighe r  i n  1976 than  i n  1975. I n  f a c t ,  t h e  
1976 d i s c h a r g e  from t h e  Oswego w a s  about  twice t h e  long-term average. 

I n s p e c t i o n  of  Table  7 reveals a s i g n i f i c a n t  i n c r e a s e  i n  t o t a l  
phosphorus loads  from 1975 t o  1976. The Oswego River t o t a l  phosphorus 
load  w a s  e n t i r e l y  a t t r i b u t a b l e  t o  p o i n t  sou rces  dur ing  1975 (assuming 
100 pe rcen t  d e l i v e r y ) .  I n  1976, p o i n t  sou rce  i n p u t s  could account f o r  
60 pe rcen t  of t h e  t o t a l  phosphorus load  from t h e  Oswego. The s o l u b l e  
o r t h o  phosphorus load  behaved s i m i l a r l y  t o  t h e  t o t a l  phosphorus load  i n  
a l l  areas except  t h e  Salmon Complex du r ing  water yea r  1975. Here a 
r e l a t i v e l y  high (compared t o  t h e  t o t a l  l oad )  s o l u b l e  o r t h o  phosphorus 
load  w a s  recorded .  During both  1975 and 1976 p o i n t  sources  accounted f o r  
a l l  t h e  s o l u b l e  o r t h o  phosphorus load  from t h e  Oswego River ( s e e  Table  7 ). 
Suspended s o l i d s  loads  inc reased  between 1975 and 1976 from both  t h e  
Oswego River  and t h e  Salmon Complex. There w a s  a dec rease ,  however, of 
suspended s o l i d s  l o a d s  from t h e  Wayne-Cayuga Complex. About 25  pe rcen t  of 
t h e  Oswego River suspended s o l i d s  loads  could b e  a t t r i b u t e d  t o  p o i n t  
sou rce  i n p u t s .  

Ni t rogen  loads  from River Basin Group 5 .2  were a l s o  dominated by t h e  
Oswego River .  A l l  t h e  hydro logic  areas i n  5.2 had h ighe r  t o t a l  n i t r o g e n  
and n i t r a t e  n i t r o g e n  loads  i n  1976 than  i n  1975. Ammonia n i t r o g e n  loads  
were h ighe r  i n  1976 except i n  t h e  Salmon Complex, which had a ve ry  low 
ammonia n i t r o g e n  load .  P o i n t  sou rce  i n p u t s  accounted f o r  a s i g n i f i c a n t  
p o r t i o n  of t h e  t o t a l  n i t r o g e n  load ,  as w e l l  as a l l  t h e  ammonia n i t r o g e n  
load  from t h e  Oswego River .  

The Oswego River  c o n t r i b u t e d  l a r g e  c h l o r i d e  loads  t o  Lake On ta r io ,  
and t h e s e  loads  inc reased  between 1975 and 1976. I n  f a c t ,  t h e  Oswego 
River  is  r e s p o n s i b l e  f o r  about 85 pe rcen t  of t h e  U. S .  t r i b u t a r y  load  of 
c h l o r i d e  t o  Lake On ta r io .  I d e n t i f i e d  p o i n t  sou rces  accounted f o r  about  
50 p e r c e n t  of  t h e  c h l o r i d e  load  from t h e  Oswego River .  These d i s c h a r g e s  
w e r e  a p p a r e n t l y  l a r g e l y  t h e  r e s u l t  of i n d u s t r i a l  o p e r a t i o n s  i n  t h e  watershed. 
An a d d i t i o n a l  d i s c u s s i o n  on t h e  Oswego River c h l o r i d e  load  may b e  found 
i n  a l a t e r  s e c t i o n .  
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River Basin Group 5.3. This  r i v e r  b a s i n  group d r a i n s  i n t o  eastern 
Lake Ontar io .  The l a r g e s t  r i v e r  i n  t h e  group i s  t h e  Black River. A s  
Table 11 shows, flow w a s  s i g n i f i c a n t l y  h ighe r  i n  water yea r  1976 than  i n  
1975, and i n  b o t h  y e a r s  t h e  f low w a s  h ighe r  than  t h e  average over  t h e  
h i s t o r i c a l  pe r iod  of record .  A r e l a t i v e l y  h igh  percentage  of t h e  t o t a l  
loads  r e p o r t e d  f o r  t h e s e  t r i b u t a r i e s  was based on f i e l d  moni tor ing  d a t a .  

Phosphorus loads  inc reased  markedly from 1975 and 1976 (see Table  7 1. 
Poin t  sou rces  t o t a l  phosphorus c o n t r i b u t i o n s  w e r e  s i g n i f i c a n t  i n  t h e  Grass- 
Raquette-St.  Regis Complex and t h e  Black River  hydro logic  area. The 
s o l u b l e  o r t h o  phosphorus t o  t o t a l  phosphorus r a t i o s  were cons iderably  
lower i n  water yea r  1976. The es t imated  s o l u b l e  o r t h o  phosphorus load 
from t h e  Black River  i n  water year  1975 w a s  comparat ively high.  P o i n t  
source  i n p u t s  of s o l u b l e  o r t h o  phosphorus were s i g n i f i c a n t  f o r  t h e  Black 
River ,  Oswagatchie River, and t h e  Grass-Raquette-St. Regis Complex. 
Unlike t o t a l  phosphorus,  l i t t l e  o r  no i n c r e a s e  i n  s o l u b l e  o r tho  phosphorus 
loads  w a s  noted between 1975 and 1976. 

Suspended s o l i d s  loads  from t h e  Black River  were h i g h e s t  i n  water 
yea r  1975. Desp i t e  t h e  l a r g e  i n c r e a s e s  i n  f low,  none of t h e  hydro logic  
areas, except  f o r  t h e  Black River ,  had h ighe r  suspended s o l i d s  loadings  
i n  1976 than 1975. The reason  f o r  t h i s  i s  no t  clear,  bu t  i t  may b e  a 
r e s u l t  of  sampling dur ing  pe r iods  of high f low i n  1975 b u t  n o t  i n  1976. 

T o t a l  n i t r o g e n  loads  g e n e r a l l y  inc reased  between 1975 and 1976. On the  
o t h e r  hand, t h r e e  o u t  of  f o u r  hydro logic  areas from River  Basin Group 5.3 
had decreased  n i t r a t e  n i t r o g e n  loads  i n  1976 than i n  1975. O f  t h e  t h r e e  
n i t r o g e n  forms measured, ammonia n i t r o g e n  p o i n t  sou rce  i n p u t s  were t h e  
l a r g e s t  . 

The Grass-Raquette-St. Regis Complex w a s  t h e  l a r g e s t  c o n t r i b u t o r  of 
c h l o r i d e  dur ing  water yea r  1975 and 1976. Less than 30 pe rcen t  of t h e  
t o t a l  loads  were a t t r i b u t a b l e  t o  p o i n t  source  inpu t s .  I n  a l l  ca ses  t o t a l  
loads  of  c h l o r i d e  from River  Basin Group 5.3 were h igher  i n  water yea r  
1976 than i n  1975. I n  comparison t o  t h e  load of s h l o r i d e  d e l i v e r e d  
by t h e  Oswego River  i n  River  Basin Group 5.2,  t h e  c h l o r i d e  loads  from 
River Basin Group 5 .3  w e r e  s m a l l .  

DIFFUSE LOADS 

An e f f e c t i v e  p o l l u t i o n  management s t r a t e g y  must recognize  t h e  
r e l a t i v e  importance of p o i n t  and d i f f u s e  sources .  A s  d i scussed  earlier,  
d i f f u s e d  sources  account  f o r  a l a r g e  f r a c t i o n  of t h e  t o t a l  t r i b u t a r y  load.  
I f  t h e  a c t u a l  d e l i v e r y  of p o i n t  source  i n p u t s  is  less than  100 pe rcen t  
(which is  l i k e l y  o f t e n  t h e  c a s e ) ,  t h e  d i f f u s e  loads  would r e p r e s e n t  an 
even l a r g e r  percentage  of  t h e  t o t a l .  
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Transmiss i o n  of Po in t  Sources 

Table 1 4  shows t h e  d i f f u s e  t r i b u t a r y  load  f o r  s e v e r a l  t r i b u t a r i e s  
assuming e i t h e r  50 pe rcen t  o r  100 pe rcen t  d e l i v e r y  of upstream p o i n t  sou rces .  
T h e  d e f i n i t i o n  of upstream and downstream w a s  d i scussed  i n  an earlier s e c t i o n .  
T r i b u t a r i e s  inc luded  i n  Table  1 4  g e n e r a l l y  had a t  least 24  o r  more samples 
a v a i l a b l e  over  t h e  1975 water yea r .  

A s  shown i n  Table  1 4 ,  t h e  e s t ima ted  d i f f u s e  load  from t h e  Oswego 
River p r e s e n t s  an  i n t e r e s t i n g  s i t u a t i o n .  I t  can be seen  t h a t  i f  a l l  
p o i n t  sou rces  are  cons idered  t o  b e  d e l i v e r e d  t o  t h e  r i v e r  mouth (100 pe rcen t  
d i f f u s e  l o a d  column), t h e  p o i n t  sou rce  load  accounts  f o r  t h e  t o t a l  load  
from t h e  b a s i n .  The Oswego River  has  many ve ry  l a r g e  l a k e s  w i t h i n  t h e  
b a s i n  which l i k e l y  impede t h e  t r a n s p o r t  of po in t  sou rces  t o  t h e  r i v e r  mouth. 
For example, i n  t h e  c a s e  of phosphorus, i t  is w e l l  known t h a t  l a k e  
bottom sediments  s e r v e  as a phosphorus s i n k .  Thus, phosphorus de r ived  
from p o i n t  sou rces  may be l o s t  permanently t o  sediments of an  impoundment 
o r  l a k e - l i k e  widening of t h e  r i v e r  b e f o r e  r each ing  t h e  Great Lakes. 
Consequently, assuming 50 pe rcen t  d e l i v e r y  of upstream p o i n t  sou rces  
may be more r e a l i s t i c  f o r  many parameters .  However, a l though  t h e  a c t u a l  
t r a n s p o r t  of  p o i n t  sou rces  is  n o t  known over  t h e  long-term, a t  least  f o r  
t r i b u t a r i e s  t h a t  do n o t  have major impoundments impeding t r a n s p o r t ,  t h e  pe rcen t  
t r a n s p o r t e d  may be  c l o s e  t o  100 over  t h e  long term ( i .  e . ,  s e v e r a l  y e a r s ) .  

TABLE 1 4  

TOTAL PHOSPHORUS DIFFUSE LOADS ASSUMING 50 AND 100 PERCENT 
DELIVERY OF UPSTREAM POINT SOURCES 

1975 (MT/YR) 

River 

S t .  Louis 
K a  lamaz oo 
Grand (MI) 
Saginaw 
Maumee 
Cuy aho g a 
Oswego 
Fox 

T o t a l  River 
Mouth Load 

260 
230 
760 

1 2  00 
2600 

7 90 
510 
500 

1 Dif fuse  Load 
(50 % Del ivery  of 
Upstream P o i n t  Sources) 

2 10 
150 
550 
890 

2400 
620 
2 10 
190  

2 D i f f u s e  Load 
(100% Del ivery  of 
U p s  t r e a m  Po i n  t Sour c ia 

170 
78 

350 
640 

2200 
510 

0 
120 

Di f fuse  Load = T o t a l  r i v e r  mouth load minus (100% of downstream p l u s  50% 
of upstream p o i n t  sou rces ) .  

D i f f u s e  Load = T o t a l  r i v e r  mouth load  minus (100% of downstream p l u s  100% 
of upstream p o i n t  sou rces ) .  
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Because of  t h e  u n c e r t a i n t y  o f  t h e  t ransmiss ion  of p o i n t  s o u r c e s ,  
p o i n t  source  d a t a  have been grouped accord ing  t o  upstream and downstream 
sources .  This  in format ion  has  been computerized ( s e e  Table  15 )  and t o  
permit  easy  computations of  t h e  e f f e c t  of d i f f e r e n t  assumptions on 
d e l i v e r i e s  of p o i n t  s o u r c e  loads .  
p a r t  of s u b a c t i v i t y  3-4 of  U. S .  Task D ,  PLUARG. 

This  work w i l l  b e  f u r t h e r  explored  as 

Dif fuse  Unit  Area Loads 

The r e s u l t s  (Table  7 ) presented  i n  a n  ear l ie r  s e c t i o n  i n d i c a t e  
a wide v a r i e t y  of annual  d i f f u s e  u n i t  area l o a d s  w e r e  found f o r  d i f f e r e n t  
watersheds i n  t h e  Great Lakes Basin. F u r t h e r ,  a d i f f u s e  u n i t  area load 
can vary  g r e a t l y  from one y e a r  t o  t h e  n e x t ,  depending on f a c t o r s  such as 
v a r i a t i o n  i n  f low,  types  and frequency of  s torms ,  frequency a t  which 
samples w e r e  t aken ,  and whether runoff  events  were sampled o r  n o t .  A l l  
t h e s e  f a c t o r s  must be considered when t r y i n g  t o  i n t e r p r e t  t h e  meaning 
of  a d i f f u s e  u n i t  area load. The d i f f u s e  u n i t  area l o a d s  are a l s o  an 
i n t e g r a t i o n  of t h e  o v e r a l l  c h a r a c t e r i s t i c s  of t h e  watershed. I n d i v i d u a l  
p o r t i o n s  of watersheds may have q u i t e  d i f f e r e n t  u n i t  area loading  rates 
than  t h e  o v e r a l l  u n i t  area load  a t  t h e  river mouth. 

Keeping t h e  l i m i t a t i o n s  of t h e  d i f f u s e  u n i t  area load d a t a  i n  mind, 
l a r g e  d i f f e r e n c e s  i n  d i f f u s e  u n i t  area loads  can b e  used t o  d i f f e r e n t i a t e  
between watersheds.  Maps contained i n  Appendix B i l l u s t r a t e  d i f f e r e n c e s  
i n  d i f f u s e  u n i t  area l o a d s  f o r  t o t a l  phosphorus and suspended s o l i d s .  
Appendix B f i g u r e s  are arranged accord ing  t o  r i v e r  b a s i n  groups.  D i f f u s e  
u n i t  area l o a d s  i n  t h e  f i g u r e s  are t h e  average  d i f f u s e  l o a d s  over  1975 
and 1976 (with t h e  except ion  of Lake E r i e  watersheds ,  f o r  which only  1975 
d a t a  were a v a i l a b l e ) .  Unit  area l o a d s  have been d iv ided  i n t o  t h r e e  
d i f f e r e n t  ranges  t o  i l l u s t r a t e  major d i f f e r e n c e s  between watersheds.  

The f i r s t  se t  of f i g u r e s  i n  Appendix B show d i f f u s e  u n i t  area l o a d s  f o r  
t o t a l  phosphorus. I n s p e c t i o n  of t h e s e  f i g u r e s  i n d i c a t e s  t h a t  u n i t  area 
l o a d s  a re  h i g h e s t  i n  t h e  Lake E r i e  b a s i n ,  t h e  thumb area of t h e  Lake 
Huron b a s i n ,  and p a r t s  of t h e  Lake Ontar io  b a s i n .  Some r e l a t i v e l y  h i g h  
d i f f u s e  u n i t  area l o a d s  are a l s o  found i n  p a r t s  of t h e  Lake Super ior  
b a s i n  and Lake Michigan b a s i n .  A f a i r l y  l a r g e  p a r t  of  t h e  Lake Michigan 
b a s i n  has low d i f f u s e  t o t a l  phosphorus u n i t  area loading  rates. 

Suspended s o l i d s  d i f f u s e  u n i t  area l o a d s  g e n e r a l l y  fo l low t h e  same 
p a t t e r n  as t o t a l  phosphorus. 
w e r e  found f o r  t h e  Lake E r i e  b a s i n ,  t h e  thumb area of t h e  Lake Huron b a s i n ,  
and p a r t s  o f  Lake Ontar io .  I n t e r e s t i n g l y ,  t h e  P i n e  River and Carp River 
d r a i n i n g  from Michigan's Upper Peninsula  a l s o  had h igh  u n i t  area load 
rates f o r  suspended s o l i d s .  D i f f e r e n c e s  i n  u n i t  area load  rates appear  
t o  r e f l e c t  d i f f e r e n t  c h a r a c t e r i s t i c s  of watersheds.  For example, t h o s e  
watersheds t h a t  are r i c h  i n  c l a y  s o i l s ,  such as found i n  t h e  Lake E r i e  
b a s i n ,  have h igh  u n i t  area load rates. A f u r t h e r  d i s c u s s i o n  of t h e  e f f e c t  
of t h e  watersheds on t h e  d i f f u s e  c o n t r i b u t i o n s  w i l l  b e  d iscussed  i n  a 
l a t e r  s e c t i o n .  

Highest  u n i t  area l o a d s  of suspended s o l i d s  
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Types of D i f f u s e  Sources 

The d i f f u s e  load  c o n s i s t s  of i n p u t s  such as r u r a l  r u n o f f ,  urban r u n o f f ,  
combined sewer over f lows ,  and b a s e  flow. I n  o t h e r  words, t h e  d i f f u s e  
load  c o n s i s t s  of t h e  load  no t  a t t r i b u t a b l e  t o  i d e n t i f i e d  p o i n t  sou rces .  
Unfo r tuna te ly ,  a t  t h i s  t i m e  i t  i s  no t  p o s s i b l e  t o  a c c u r a t e l y  e v a l u a t e  t h e  
r e l a t i v e  magnitudes o f  t h e s e  v a r i o u s  d i f f u s e  load  components. However, 
d e s p i t e  l i m i t e d  a v a i l a b i l i t y  of in format ion ,  some p e r s p e c t i v e  can be  
g iven  t o  t h e  importance of t h e  d i f f u s e  load  components a t  t h i s  t i m e .  This  
w i l l  b e  d i scussed  below. 

Although urban runoff  g e n e r a l l y  has been found t o  c o n t r i b u t e  
s l i g h t l y  more t o t a l  phosphorus than  a g r i c u l t u r a l  runoff  on a u n i t  
area b a s i s  ( t h e  a c t u a l  va lues  of t h e  u n i t  area load ing  rates from 
a g r i c u l t u r a l  and urban land  varies widely between wa te r sheds ) ,  t h e  l a r g e r  
amount of r u r a l  l and  causes  t h e  r u r a l  o r  a g r i c u l t u r a l  load  t o  many 
watersheds  t o  be  dominant. 
t h e  Environment on t h e  Canadian Grand River b a s i n  (Lake E r i e )  and t h e  
Saugeen River b a s i n  (Lake Huron) (Van F l e e t ,  1977),  p re l imina ry  r e s u l t s  
i n d i c a t e  t h a t  urban runoff accounts  f o r  on ly  one percent  o r  less of t h e  
annual  t o t a l  phosphorus loads .  A g r i c u l t u r e ,  on t h e  o t h e r  hand, was 
e s t ima ted  t o  account f o r  70 pe rcen t  o r  more of t h e  t o t a l  phosphorus 
loads .  
Counties i n  t h e  U.  S .  p o r t i o n  of t h e  Lake Er ie /Niagara  River b a s i n  
(Wendel Engineers ,  1977),  urban runoff c o n t r i b u t i o n s  of suspended s o l i d s  
averaged about s i x  pe rcen t  of t h e  t o t a l ,  whi le  r u r a l  runoff averaged 
approximately 90 p e r c e n t .  Combined sewer overflows averaged less than  
one pe rcen t .  S ince  t o t a l  phosphorus loads  would l i k e l y  be  c o r r e l a t e d  
w i t h  suspended s o l i d s  l o a d s ,  r u r a l  runoff would l i k e l y  r e p r e s e n t  a more 
s i g n i f i c a n t  sou rce  of t o t a l  phosphorus f o r  t h i s  area than  would urban r u n o f f .  

I n  a s tudy  done by t h e  On ta r io  Min i s t ry  of 

I n  a s t u d y  of many watersheds  and subwatersheds i n  Erie and Niagara 

The C i t y  of Roches te r ,  New York, which i s  loca ted  nea r  t h e  mouth of 
t h e  Genesee R ive r ,  r e p r e s e n t s  one of t h e  major urban areas i n f l u e n c i n g  
w a t e r  q u a l i t y  i n  Lake Ontar io .  I n  o r d e r  t o  g a i n  some p e r s p e c t i v e  on t h e  
p o t e n t i a l  suspended s o l i d s  load  a s s o c i a t e d  w i t h  t h e  area, a v e r s i o n  of 
U. S.  EPA's Needs Es t imat ion  Model f o r  Urban Runoff (NEMUR) (U. S .  EPA, 
19771, w a s  used i n  con junc t ion  w i t h  i n p u t  from U.  S .  EPA Needs Survey d a t a  
t o  g e n e r a t e  an  urban load  a s s o c i a t e d  wi th  a 90th  p e r c e n t i l e  storm 
( t h e  magnitude of which i s  approximately 2 pe rcen t  of t h e  average  annual  
r a i n f a l l ) .  This  l o a d ,  which i n c l u d e s  c o n t r i b u t i o n s  from both  urban runoff 
and combined s e w e r  over f low,  w a s  es t imated  t o  be  567 m e t r i c  t ons  of 
suspended s o l i d s .  Assuming a r a t i o  of 3 mg of t o t a l  phosphorus p e r  gram 
of suspended s o l i d s  ( a  n a t i o n a l  average  f o r  urban r u n o f f ,  U. S.  EPA, 1974),  
a load  of about 1 . 7  m e t r i c  t o n s  of t o t a l  phosphorus i s  a s s o c i a t e d  w i t h  
t h e  storm. This  l oad  is less than  one pe rcen t  of t h e  1975 d i f f u s e  t o t a l  
phosphorus load  from t h e  Genesee River .  Consequently, a l though t h e  above 
c a l c u l a t i o n s  are extremely c rude ,  and i t  is  d i f f i c u l t  t o  e x t r a p o l a t e  t h e  
e f f e c t  of i n d i v i d u a l  storms over  a n  annual  b a s i s ,  i t  would appear t h a t  t h e  
urban runoff l oad  from t h e  Rochester area may be  less than  t h e  annual load 
from o t h e r  sou rces  (e. g . ,  r u r a l  r u n o f f )  i n  t h e  Genesee River b a s i n .  
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A s  prev ious ly  mentioned, base  flow and combined s e w e r  overflow are  
a l s o  components of t h e  o v e r a l l  d i f f u s e  load .  Base flow, which i s  de r ived  
from ground water i n p u t s ,  can r e p r e s e n t  a ve ry  l a r g e  p o r t i o n  of t h e  
d i f f u s e  t r i b u t a r y  load .  Th i s  i s  p a r t i c u l a r l y  t r u e  f o r  undeveloped 
r eg ions  w i t h  good d ra inage  c h a r a c t e r i s t i c s  and minimal r u n o f f ,  e .  g . ,  
sandy s o i l s .  
dense ly  populated areas such as Cleveland o r  D e t r o i t .  Although h igh ly  
v a r i a b l e ,  combined sewer overflows o f t e n  i n c r e a s e  t h e  t o t a l  phosphorus 
load  from l a r g e  treatment p l a n t s  by about  10 pe rcen t .  

Combined stormwater overflows can b e  s i g n i f i c a n t  i n  c e r t a i n  

I n  summary, a l though c u r r e n t  in format ion  i s  ve ry  l i m i t e d ,  i t  would 
appear t h a t  r u r a l  runoff  g e n e r a l l y  i s  t h e  l a r g e s t  c o n t r i b u t o r  t o  t h e  t o t a l  
phosphorus d i f f u s e  load  i n  many areas. 

Cont ro l  of  D i f fuse  Sources  

It appears  t h a t  d i f f u s e  sou rces  r e p r e s e n t  a l a r g e  f r a c t i o n  of t h e  
t o t a l  t r i b u t a r y  load .  E f f e c t i v e  c o n t r o l  of t h e s e  sou rces  w i l l  n o t  be 
e a s i l y  accomplished. However, f o r  many t r i b u t a r i e s  i t  seems l i k e l y  t h a t  
approximately 30 t o  50 pe rcen t  of t h e  d i f f u s e  load  may be  c o n t r o l l e d  
through e x i s t i n g  technology, i. e . ,  improved conse rva t ion  p r a c t i c e s ,  
s p e c i a l i z e d  plowing techniques ,  and c o n t r o l  of street l i t t e r .  Furthermore,  
a l a r g e  f r a c t i o n  o f  t h e  t o t a l  d i f f u s e  load  may b e  a t t r i b u t a b l e  t o  a few 
s p e c i f i c  "problem" areas. Treatment of t h e s e  problem areas, as opposed 
t o  t h e  whole b a s i n ,  may l e a d  t o  s u b s t a n t i a l  r e d u c t i o n s  i n  t h e  d i f f u s e  
load  a t  a r e l a t i v e l y  small  c o s t .  

I n  conc lus ion ,  c o n t r o l  of d i f f u s e  sou rces  w i l l  n o t  l i k e l y  b e  achieved 
r a p i d l y .  Socio-economic f a c t o r s  w i l l  undoubtedly have a major impact on 
t h e  implementation of d i f f u s e  c o n t r o l  procedures  over t h e  nex t  20 y e a r s .  
More informat ion  on d i f f u s e  s o u r c e  r emed ia l  measures i s  expected t o  b e  
a v a i l a b l e  i n  t h e  nea r  f u t u r e  as a r e s u l t  of ongoing PLUARG a c t i v i t i e s .  

POINT SOURCE LOADS 

A cons ide rab le  e f f o r t  was expended i n  determining p o i n t  sou rce  loads  
d e l i v e r e d  t o  t r i b u t a r i e s  d r a i n i n g  i n t o  t h e  Great Lakes. However, 
i t  must be  remembered t h e s e  estimates are  s t i l l  r a t h e r  rough e s t i m a t e s ,  
p a r t i c u l a r l y  t h e  i n d u s t r i a l  p o i n t  sou rce  estimates, due t o  t h e  l i m i t e d  
d a t a  a v a i l a b l e .  I n  some cases, p o i n t  sou rce  loads  were e s t ima ted  based 
on only  a few c o n c e n t r a t i o n  measurements a yea r  (which may n o t  n e c e s s a r i l y  
have been r e p r e s e n t a t i v e  measurements). 

Municipal Ver sus  I n d u s t r i a l  Sources 

Municipal l oads  w e r e  e s t ima ted  based on a c t u a l ,  o r  i n  some c a s e s ,  
e s t ima ted  c o n c e n t r a t i o n  d a t a  (see Table  5 ). However, because a c t u a l  
f low d a t a  were a v a i l a b l e  f o r  almost a l l  munic ipa l  p o i n t  s o u r c e s ,  i t  i s  
f e l t  t h a t  t h e  munic ipa l  p o i n t  sou rce  loads are reasonab le  e s t i m a t e s  of 
t r u e  c o n d i t i o n s .  I n  t e r m s  of i n d u s t r i a l  s o u r c e s S  however, no a t t empt  
w a s  made t o  estimate an  e f f l u e n t  c o n c e n t r a t i o n  when no f i e l d  measurements 
were a v a i l a b l e .  Consequently, t h e  i n d u s t r i a l  l oad  r e p r e s e n t s  on ly  t h e  
load  from those  sou rces  i d e n t i f i e d  as c o n t r i b u t o r s  of t h e  parameter of 
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concern,  and t h u s  may underes t imate  t h e  t r u e  load .  I n  p a r t i c u l a r ,  
i n d u s t r i a l  i n p u t s  o f  n i t r o g e n  and c h l o r i d e ,  which were given less emphasis 
i n  t h i s  s t u d y  compared t o  phosphorus and suspended s o l i d s ,  may b e  an 
unde res t ima te  of t h e  t r u e  i n d u s t r i a l  l oad .  No i n d u s t r i a l  l oads  were g iven  f o r  
Lake E r i e  i n  t h e  Lake E r i e  Wastewater Management Study (U.S.  Army Corps of 
Engineers,  1975).  

Tab le  16  compares t h e  summarized municipal and i n d u s t r i a l  c o n t r i b u t i o n s  
t o  U.  S .  Great Lakes t r i b u t a r i e s .  Based on t h e s e  d a t a ,  municipal sou rces  
c o n t r i b u t e  f a r  more phosphorus than  i n d u s t r i a l  sou rces .  Th i s  i s  n o t  
unexpected, however, s ince on ly  c e r t a i n  i n d u s t r i a l  o p e r a t i o n s  are l i k e l y  
t o  d i s c h a r g e  phosphorus i n  s i g n i f i c a n t  q u a n t i t i e s .  Municipal sou rces  
a l s o  appear t o  c o n t r i b u t e  more suspended s o l i d s  than  i d e n t i f i e d  i n d u s t r i a l  
sources .  High i n d u s t r i a l  suspended s o l i d s  i n p u t s ,  such as found f o r  
p a r t s  of t h e  Lake Super ior  d ra inage ,  are g e n e r a l l y  a s s o c i a t e d  w i t h  
mining o p e r a t i o n s .  While suspended s o l i d  d i scha rges  can be  h i g h ,  t h e  
amount which r eaches  t h e  Great Lakes may b e  low. Also,  suspended s o l i d s  
d ischarged  from munic ipa l  t r ea tmen t  p l a n t s  may c o n s i s t  of a l a r g e  pe rcen tage  
of v o l a t i l e  s o l i d s ,  which may b e  degraded b e f o r e  r each ing  t h e  r i v e r  mouth. 
Thus, t h e  suspended s o l i d s  measured i n  p o i n t  sou rce  d i scha rges  may b e  
p h y s i c a l l y  d i f f e r e n t  than  t h a t  measured i n  t r i b u t a r i e s .  I n  f u t u r e  work 
i t  migkt b e  u s e f u l  t o  d i s t i n g u i s h  between suspended sediment and suspended 
s o l i d s .  Suspended sediments would b e  de f ined  as t h a t  p o r t i o n  of t h e  
suspended s o l i d s  c o n s i s t i n g  of s o i l  p a r t i c l e s .  Consequently, a l though 
suspended s o l i d s  p o i n t  sou rce  d i scha rge  t o  t r i b u t a r i e s  may be  h igh ,  t h e  
suspended sediment component may b e  low. The e f f e c t  of t h e s e  d i s c h a r g e s  
on t h e  Great Lakes is u n c e r t a i n ,  e s p e c i a l l y  r e l a t i v e  t o  t h e  suspended 
s o l i d s  (o r  suspended sediment) de r ived  from land  r u n o f f .  

Table  16  a l s o  summarizes p o i n t  sou rce  loads  f o r  n i t r o g e n  and s o l u b l e  
o r t h o  phosphorus. Again, munic ipa l  i n p u t s  appear t o  b e  l a r g e  compared 
t o  i d e n t i f i e d  i n d u s t r i a l  p o i n t  sou rce  inpu t s .  A s  d i scussed  p r e v i o u s l y ,  
wh i l e  i t  is b e l i e v e d  t h a t  essential1 a l l  munic ipa l  p l a n t s  w i t h  flow 

Great Lakes Bas in ,  some i n d u s t r i a l  p l a n t s  could have been neg lec t ed  due 
t o  l a c k  of a v a i l a b l e  informat ion .  Neve r the l e s s ,  i t  appears  t h a t  f o r  t h e  
parameters cons ide red ,  i d e n t i f i e d  i n d u s t r i a l  sou rces  are  of no major 
importance,  w i th  t h e  p o s s i b l e  except ion  of ammonia n i t r o g e n .  When 
cons ide r ing  o t h e r  parameters ,  such as heavy metals o r  o t h e r  t o x i c  subs t ances ,  
i n d u s t r i a l  d i s c h a r g e s  could have a much more s i g n i f i c a n t  r o l e .  

g r e a t e r  than  0 . 1  mgd (2 .82  x 10  -3  m Y / s )  have been i d e n t i f i e d  i n  t h e  

Po in t  sou rce  l o a d s  of c h l o r i d e ,  i nc lud ing  i n d u s t r i a l  i n p u t s  (Table 16  ), 
do appear t o  b e  a s i g n i f i c a n t  f r a c t i o n  of t h e  t o t a l  t r i b u t a r y  c h l o r i d e  load .  
Large c h l o r i d e  i n p u t s  w e r e  i d e n t i f i e d  f o r  t h e  Oswego River d r a i n i n g  i n t o  
Lake On ta r io ,  t h e  Mineral  River  d r a i n i n g  i n t o  Lake Supe r io r ,  and t h e  
Manistee River d r a i n i n g  i n t o  Lake Michigan. Impor t an t ly ,  t h e  Minera l  
River  and Manistee River i n d u s t r i a l  i n p u t s  were no t  based on d i scha rge  
moni tor ing  d a t a ,  b u t  were determined by s u b t r a c t i n g  an  es t imated  d i f f u s e  
load  (determined from a p p r o p r i a t e  annual  d i f f u s e  u n i t  area load  r a t e s )  
from t h e  t o t a l  load .  A s  d i scussed  ear l ie r ,  t h e  Mineral  River c h l o r i d e  load  
i s  t h e  r e s u l t  of d i scha rge  of b r i n e  from mining ope ra t ions .  
River  r e c e i v e s  i n p u t s  from i n d u s t r i a l  sa l t  o p e r a t i o n s .  The Oswego River  

The Manistee 
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T o t a l  M 
Phosphorus 

U P )  I 

Ortho M 
Phosphorus 

(OP) I 

Suspended M 
So l ids  

(SS) I 

Total  M 
N i t r o  gen 

(TN) I 

Nitrate M 
+ Nitrite 
(NO2-NO3) I 

P 
0 
Iu 

Chloride M 

I 
(c1-1 

TABLE 16 

1975 TOTAL TRIBUTARY POINT SOURCE LOADS (mt/yr)  FROll MU"CIPA1, (PI) AND I N D U S T R I A L  ( I )  PLANTS 

Lake Super ior  

102 .1  

33.1 

58.36 

0 

943.3 

46,716.6 

456.0 

30.0 

179 .1  

0 

214.2 

30.0 

4,284.6 

32,788.8 

Lake Michigan 

1,090.8 

247.3 

549.5 

17.9 

30,668.2 

13,255.6 

9,005.0 

1,049.0 

3,652.0 

22 .1  

4,232.8 

650.6 

86,254.1 

193,990.2 

Lake Huron _ _ _ ~  

493.6 

80.5 

249.9 

0 

4,264.2 

7,263.8 

2,643.2 

879.1 

1,036.5 

0 

1,237.5 

406.8 

26,224.4 

100,729.9 

TOTAL 
Lake Er ie  Lake O n t a r i o  St. Lawrence - TOTAL MI 
_c___ ~ - _ _ - _ _  __ __ 

1,683.5 

71.9 

857.1 

0 

16,938.7 

6,092.3 

9,002.3 

0 

3,509.9 

0 

4,728.2 

0 

85,542.0 

0 

900.3 

18.3 

428.9 

0 

27,616.8 

24,323.3 

6,020.0 

2,150.4 

2,382.8 

0 

2,822.9 

2,150.4 

56,478.9 

550,698.0 

90.0 

0 

45.0 

0 

462.4 

0 

266.3 

1.4 

104.5 

0 

120.2 

1 .4  

2,532.2 

0 

4,360.3 

451.0 
4,811.3 

2,188.7 

17 .9  
2,206.6 

80,893.6 

97,651.6 
178,545.3 

27,392.8 

4,109.9 
31,502.7 

10,864.7 

22.1 
10,886.8 

13,355.7 

3,239.2 
16,594.9 

261,316.2 

878,206.9 
1,139,533.1 
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c h l o r i d e  load  i s  h e a v i l y  i n f l u e n c e d  by  a Solvay process  p l a n t  l o c a t e d  on 
Onodaga Lake. Onodaga Lake, which d r a i n s  i n t o  t h e  Oswego, has extremely 
high c h l o r i d e  c o n c e n t r a t i o n s ,  presumably t h e  r e s u l t  of t h e  i n d u s t r i a l  
o p e r a t i o n s  on o r  near  t h e  l ake .  
i n p u t  t o  t h e  Oswego River accounts  f o r  about one-third t o  one-half t h e  
t o t a l  p o i n t  s o u r c e  c h l o r i d e  l o a d  t o  t h e  Great Lakes. Despi te  t h i s  h igh  
p o i n t  source  l o a d ,  t h e  t o t a l  t r i b u t a r y  load  i s  h i g h e r  than would b e  expected,  
i n d i c a t i n g  t h e  p o i n t  source  c h l o r i d e  load  may be underest imated.  N a t u r a l  
ground w a t e r  f r o m  areas r i c h  i n  s a l t  d r a i n i n g  i n t o  t r i b u t a r i e s  may a l s o  
c o n t r i b u t e  t o  t h e  c h l o r i d e  load ,  b u t  t h e  c o n t r i b u t i o n  i s  l i k e l y  s m a l l  
r e l a t i v e  t o  p o i n t  s o u r c e s  (Kramer, J . ,  1977). 

The es t imated  p o i n t  source  c h l o r i d e  

E f f e c t  o f  S m a l l  P o i n t  Sources 

I t  should a l s o  be  mentioned t h a t  any municipal  o r  i n d u s t r i a l  p l a n t s  
d i s c h a r g i n g  less than  0.1 mgd (2.83 x 10-3 m3/s) w e r e  n o t  considered i n  
t h e  p o i n t  source  load  estimate. Also,  p l a n t s  t h a t  had i n t e r m i t t e n t  
d i s c h a r g e s  t o  a r iver ,  such as many lagoon systems, were n o t  included 
as p a r t  of  t h e  c o n t r i b u t i n g  p o i n t  sources .  

The r e l a t ive  e f f e c t  of s m a l l  p o i n t  source  o p e r a t i o n s  ( l e s s  than  
0.1 mgd), p a r t i c u l a r l y  when s i t u a t e d  i n  a developed area,  would b e  s m a l l .  
However, i t  i s  p o s s i b l e  t h a t  i n  c e r t a i n  undeveloped areas, p o i n t  sources  
from many s m a l l  i n d u s t r i a l  o p e r a t i o n s  o r  municipal  p l a n t s  could c o l l e c t i v e l y  
have a measurable  impact.  For example, t h e  Door Peninsula  of  Wisconsin 
and t h e  thumb area of Michigan both  have many small packaging and d a i r y  
o p e r a t i o n s .  These d i s c h a r g e r s  were n o t  inc luded  i n  t h e  p o i n t  source  l o a d s ,  
bu t  which c o l l e c t i v e l y  could have a measurable,  a l though probably minor, 
impact . 

I n  o r d e r  t o  g e t  some i d e a  of t h e  e f f e c t  of n o t  i n c l u d i n g  s m a l l  
d i s c h a r g e s ,  t h e  estimate of  t h e  Lake E r i e  t r i b u t a r y  p o i n t  s o u r c e  load  
c a l c u l a t e d  f o r  t h i s  s tudy  cons ider ing  o n l y  t h o s e  p o i n t  sources  w i t h  a 
f l o w  greater t h a n  0.1 mgd (2.83 x 10-1 m3/s) (and excluding i n t e r m i t t e n t  
p o i n t  s o u r c e s  such as lagoons) w e r e  compared w i t h  p o i n t  s o u r c e  l o a d s  
c a l c u l a t e d  by t h e  Lake E r i e  Wastewater Management Study (Corps o f  Engineers ,  
1975).  I n  t h e  Lake E r i e  Wastewater Management Study,  a n  i n t e n s i v e  survey 
w a s  made of municipal  p o i n t  sources ,  which included many s m a l l  municipal  
p o i n t  s o u r c e s ,  such as mote ls ,  service s t a t i o n s ,  supermarkets ,  shopping 
c e n t e r s ,  camp grounds,  s m a l l  v i l l a g e s ,  mobile homes, s c h o o l s ,  lagoons,  
and o t h e r  extremely s m a l l  p o i n t  sources .  Table  17  compares t h e  p o i n t  
s o u r c e s  c a l c u l a t e d  f o r  Lake Erie t r i b u t a r i e s  by t h e  Lake E r i e  Wastewater 
Management Study wi th  t h e  r e s u l t s  of t h i s  s tudy.  As can b e  s e e n ,  t h e r e  i s  
very l i t t l e  d i f f e r e n c e  between t h e  two estimates, i n d i c a t i n g  t h a t  exc lus ion  
of small p o i n t  sources  l i k e l y  does n o t  s i g n i f i c a n t l y  a f f e c t  t h e  p o i n t  
source  load.  The f a c t  t h a t  a l l  p o i n t  source  l o a d s  c a l c u l a t e d  i n  t h i s  
s t u d y  w e r e  s l i g h t l y  h i g h e r  than t h e  Corps of  Engineers  estimate,  d e s p i t e  
t h e  f a c t  t h a t  some of t h e  smaller p o i n t  sources  were excluded,  i s  due 
p r i m a r i l y  to d i f f e r e n c e s  i n  t h e  gaged d r a i n a g e  areas considered as  w e l l  
as some d i f f e r e n c e s  i n  t h e  p o i n t  source  d a t a  used. 
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TABLE 1 7  

COMPARISON OF POINT SOURCE PHOSPHORUS INPUTS TO LAKE ERIE  TRIBUTARIES 

COMPILED BY THE LAKE ERIE WASTEWATER MANAGEMENT STUDY' AND GLBC (THIS STUDY) 

1975 
P o i n t  Source Load 
(me t r i c  tons/ y r )  

COE U. S. Task D 

Huron River  
R a i s i n  River  
Maumee River 
Por t age  River  
Sandusky River  
Huron River  
Vermilion River 
Black River  
Rocky River  
Cuyahoga River  
Chagrin River  
Grand River  
Cat ta raugus  Creek  

TOTAL 

19 3 
69 

318 
40 
38 
44 

4 
78  
81 

385 
17 
1 3  
32 

18 5 
86 

445 
36 

1 1 7  
44 
1 

36 
145 
279 

7 
1 

1 2  

1312 1394 

Corps of Engineers  (1975) 

E f f e c t  of Reducing Municipal Loads 

Table 18 summarizes t h e  r educ t ions  i n  phosphorus load ings  t o  b e  
expected from v a r i o u s  l i m i t a t i o n s  of t h e  phosphorus c o n c e n t r a t i o n  i n  
municipal p l a n t  e f f l u e n t s .  This t a b l e  assumes 100 pe rcen t  d e l i v e r y  
of  p o i n t  sou rces  t o  t h e  r i v e r  mouth. T o t a l  t r i b u t a r y  loads  are 1976 
load  estimates, wi th  t h e  except ion  of t h e  1975 Lake E r i e  d a t a .  The 
r educ t ions  i n  t o t a l  l o a d s  are based on c u r r e n t  flow from munic ipa l  p l a n t s .  
However, i t  e f f l u e n t  flow i n c r e a s e s  due t o  popu la t ion  growth, t h e  percent  
r e d u c t i o n  over  c u r r e n t  cond i t ions  ob ta ined  by t h e  e f f l u e n t  l i m i t a t i o n s  
could be less. Note t h a t  t h e  e f f e c t  of d i r e c t  munic ipa l  i n p u t s ,  which 
i n c l u d e  some of t h e  l a r g e  c o a s t a l  munic ipa l  p l a n t s  (e.  g . ,  D e t r o i t )  are 
n o t  inc luded  i n  Table  18. 
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It  is  clear from Table  1 8  t h a t ,  g iven  c u r r e n t  f lows from t r ea tmen t  
p l a n t s ,  t h e  p e r c e n t  r e d u c t i o n  i n  t h e  t r i b u t a r y  t o t a l  phosphorus loads  
t o  t h e  Great Lakes t h a t  would be  achieved by l i m i t i n g  phosphorus concen- 
t r a t i o n s  i n  munic ipa l  e f f l u e n t s  t o  one mi l l i g ram p e r  l i t e r  i s  n o t  
p a r t i c u l a r l y  g r e a t  ( t h e  load r e d u c t i o n  could b e  s i g n i f i c a n t  t o  l o c a l  
stream segments, however). F u r t h e r ,  reducing  c o n c e n t r a t i o n s  beyond one 
mi l l i g ram pe r  l i t e r  w i l l  n o t  have a major e f f e c t  on t o t a l  loads .  Th i s  
i s  p a r t i c u l a r l y  t r u e  f o r  Lake Supe r io r  and Lake Huron. More d e t a i l e d  
informat ion  on c o s t s  p r o j e c t e d  f o r  v a r i o u s  phosphorus removal programs, 
as w e l l  as d e t e r g e n t  c o n t r o l  programs, may be found i n  McClarren (1977). 

U.S. TRIBUTARY TOTAL PHOSPHORUS LOADS ASSUMING 

DIFFERENT MUNICIPAL EFFLUENT PHOSPHORUS CONCENTRATIONS 

LAKE TOTAL TRIBUTARY LOAD (mt/yr) UNDER DIFFERXNT --- 1976 TOTAL TOTAL -~ 
TRIBUTARY -- POINT LOAD MUNICIPAL EFFLUENT P LIMITATIONS ( X  REDUC- 

mt/vr.  mt/vr.  TION IN TOTAL LOAD)- 

Sup e r i o  r 964 10 7 884 (8) 870(10) 860 (11) 

Michigan 3,596 1 ,191  3,130 (13) 2,864(20) 2,651(26) 

Huron 1 ,954  35 0 1,849 (5) 1,767(10) 1,701(13) 

Erie (1975) 8,639 1,756 7,519(13) 7,237(16) 7,011(19) 

On ta r io  (not 2,874 926 2,351(18) 2,175 (24) 2,035(29) 
i n c l u d i n g  S t .  
L a w r e n c e  R i v e r )  

S t .  Lawrence 6 39 90 565 (12) 557(13) 551(14) 

1. A s s u m e s  100% d e l i v e r y  of p o i n t  sou rces  t o  t h e  mouth. 
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FLOW/CONCENTRATION RELATIONSHIPS 

The v a r i a b i l i t y  of man's i n f l u e n c e s  as w e l l  as unpred ic t ab le  changes i n  
n a t u r a l  systems mzke i t  very d i f f i c u l t  t o  c h a r a c t e r i z e  t h e  impact t h a t  an 
i n d i v i d u a l  r i v e r  h a s  on t h e  Great Lakes f o r  any given year .  Most sampling 
programs are se t  up on a once o r  twice  p e r  month b a s i s  which i n  many cases 
is inadequate  t o  c h a r a c t e r i z e  t h e  t r e n d s  f o r  a p a r t i c u l a r  water year .  A 
number of  t h e  major v a r i a b l e s  t h a t  i n f l u e n c e  t h e  load  du r ing  any one yea r  
are d i scussed  below. 

V a r i a b i l i t y  of Flow 

Many r i v e r s  undergo dramat ic  changes i n  flow ove r  a pe r iod  of hours  
du r ing  a s torm runoff  event .  Changes a l s o  occur  from month-to-month 
and year-to-year w i t h i n  a given b a s i n  depending upon p r e c i p i t a t i o n  and snow melt. 

S ince  t h e  Great Lakes Basin ex tends  over  a l a r g e  geographica l  area, 
t h e  c l i m a t e  may vary cons iderably  w i t h i n  t h e  b a s i n  du r ing  t h e  same year .  
For example, w i t h i n  a given y e a r  one p o r t i o n  o f  t h e  Great Lakes Basin can 
s u f f e r  from a drought  whi le  ano the r  can exper ience  unusual ly  heavy 
p r e c i p i t a t i o n .  F igu re  1 compares t h e  mean annual  flows of two d i f f e r e n t  
r i v e r s  f o r  water y e a r s  1967 through 1976. The mean annual  flows have been 
d iv ided  by t h e  mean h i s t o r i c a l  flow f o r  each r i v e r  so  t h a t  a d i r e c t  
comparison can be made of each flow r a t i o .  A s  can b e  r e a d i l y  seen from 
Figure 1 , t h e  Bad River  and Grand River ( d r a i n i n g  i n t o  Lake Supe r io r  and 
Lake Michigan), respec i i ive ly ,  can have s i m i l a r  o r  v a s t l y  d i f f e r e n t  flow 
t r e n d s .  Both o f  t h e s e  rivers show a s u b s t a n t i a l  rise i n  d i scha rge  
between t h e  yea r s  1970 and 1974. During t h i s  per iod  t h e  flows are i n  
gene ra l  above t h e  mean h i s t o r i c  f low which is  i n d i c a t e d  by a flow r a t i o  
of 1 .0 .  However, between 1973 and 1974 t h e  Bad River  decreased i n  f low,  
wh i l e  t h e  Grand River  experienced a dramatic  i n c r e a s e  i n  mean annual  flow. 

I n  o r d e r  t o  compare a load  from a t r i b u t a r y  from any given yea r  w i th  
t h a t  from ano the r  y e a r ,  t h e  mean annual  flow must be  considered.  Annual 
dec reases  i n  load can occur as a r e s u l t  of decreased f low,  wh i l e  no 
a p p r e c i a b l e  changes i n  w a t e r  q u a l i t y  occur.  For many r i v e r s  f low w a s  
g r e a t e r  du r ing  water year  1976 than i n  water year  1975, and i n  a number 
of i n s t a n c e s  t h e r e  w a s  an i n c r e a s e  i n  load  f o r  t h e  same per iod  (see Table  7) .  

Perhaps a more important  f a c t o r  t o  cons ide r  i n  e v a l u a t i n g  loads  
are t h e  more s h o r t  term f l u c t u a t i o n s  i n  flow. For example, a l a r g e  
p o r t i o n  of t h e  t o t a l  annual  d i scha rge  can occur  du r ing  a runoff  event .  
F igu re  2 p r e s e n t s  t h e  mean monthly v a r i a t i o n s  i n  flow of  t h e  Grand River 
and t h e  Nemadji River  ( d r a i n i n g  i n t o  Lake Super ior  nea r  t h e  Bad River)  
du r ing  water yea r  1976. Discharge i s  h igher  f o r  both r i v e r s  du r ing  t h e  
s p r i n g  per iod  of February through May. However, t h e  p a t t e r n  t h a t  evolves  
is much d i f f e r e n t  f o r  t h e s e  two r i v e r s .  The Nemadji, judging  by t h e  
monthly f i g u r e s ,  may e x h i b i t  a r e l a t i v e l y  high f l a s h y  flow over  a s h o r t  
pe r iod ,  wh i l e  t h e  Grand River  has  a more gradual  flow change over  a 
longer  per iod .  C h a r a c t e r i s t i c s  of  t h e  watershed may g r e a t l y  a f f e c t  
t h e  f low p a t t e r n s  of i n d i v i d u a l  r ivers .  
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FIGURE 1 
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Aside from monthly f l u c t u a t i o n s ,  d a i l y  o r  even hour ly  f l u c t u a t i o n s  
can b e  ve ry  important i n  many streams. 
p o t e n t i a l l y  t r a n s p o r t  more sediment than  one t h a t  rises g r a d u a l l y ,  as 
v e l o c i t i e s  are o f t e n  h ighe r  and over land  runoff  rates a r e  u s u a l l y  g r e a t e r .  
I n d i v i d u a l i t i e s  of stream d i s c h a r g e  p a t t e r n s  must be  remembered when 
comparing load ing  r e s u l t s .  

A r iver  t h a t  rises qu ick ly  can  

V a r i a b i l i t y  of Concent ra t ion  

It is w e l l  known t h a t  concen t r a t ions  of chemical c o n s t i t u e n t s  may 
va ry  w i t h  flow. The v a r i a n c e  depends on t h e  chemical c o n s t i t u e n t  as 
w e l l  as on t h e  p a r t i c u l a r  hydro logic  c h a r a c t e r i s t i c s  of t h e  t r i b u t a r y .  
For example, t o t a l  phosphorus c o n c e n t r a t i o n s  may i n c r e a s e  wi th  flow, 
wh i l e  t o t a l  d i s s o l v e d  s o l i d s  concen t r a t ions  may dec rease  w i t h  flow. 
S i m i l a r l y ,  t h e  e x t e n t  w i t h  which t h e s e  c o n s t i t u e n t s  vary  w i t h  flow are 
d i f f e r e n t  f o r  t h e  Maumee River compared t o  t h e  Grand River. F u r t h e r ,  
w i t h i n  a given t r i b u t a r y ,  t h e  n a t u r e  of t h e  flow event  may g r e a t l y  a f f e c t  
t h e  r e l a t i o n s h i p  between flow and concen t r a t ion .  

Based on t h e  f i e l d  d a t a  used i n  t h i s  s t u d y ,  i t  w a s  obvious t h a t  f o r  
some t r i b u t a r i e s  throughout t h e  Great Lakes Basin t h e  c o n c e n t r a t i o n  of 
c e r t a i n  parameters w a s  f low dependent. Unfo r tuna te ly ,  due t o  t h e  re la t ive 
l a c k  of c o n c e n t r a t i o n  d a t a  du r ing  pe r iods  of h igh  flow (except f o r  Lake 
Erie  t r i b u t a r i e s ) ,  i n fo rma t ion  gained on flow-concentration r e l a t i o n s h i p s  
w a s  l i m i t e d .  

D e s p i t e  t h e  s c a r c i t y  of f i e l d  d a t a  du r ing  pe r iods  of h igh  f low,  
some s i g n i f i c a n t  obse rva t ions  can be made. F igu re  3 compares t h e  
t o t a l  phosphorus concen t r a t ion  measured i n  Wisconsin's  Manitowoc River 
(which d r a i n s  i n t o  Lake Michigan) and Michigan's Muskegon River  (which a l s o  
d r a i n s  i n t o  Lake Michigan) du r ing  water y e a r  1975. A s  can b e  r e a d i l y  
seen  from F igure  3 , t h e r e  are s i g n i f i c a n t  d i f f e r e n c e s  between t h e  r i v e r s  
n o t  on ly  i n  c o n c e n t r a t i o n  v a l u e s ,  b u t  a l s o  i n  t h e  change i n  c o n c e n t r a t i o n  
t h a t  occurs  between any two d a t a  p o i n t s .  T o t a l  phosphorus c o n c e n t r a t i o n s  
i n  t h e  Muskegon River  w e r e  very  s t a b l e ,  never exceeding 0.05 mg/R P 
and never  vary ing  more than  0.02 mg/X P between any two d a t a  p o i n t s .  
T o t a l  phosphorus c o n c e n t r a t i o n s  i n  t h e  Manitowoc R ive r ,  on t h e  o t h e r  
hand, v a r i e d  from 0.05 t o  0.39 mg/& P over  t h e  sampling pe r iod .  
between August 18 and September 10 t h e  t o t a l  phosphorus c o n c e n t r a t i o n  
changed by ove r  0 .3  mg/L P. 

F u r t h e r ,  

There are many f a c t o r s  i n  a d d i t i o n  t o  flow t h a t  may i n f l u e n c e  t h e  
v a r i a b i l i t y  i n  c o n c e n t r a t i o n  observed i n  F igu re  3 . P o i n t  sou rces  
i n  a b a s i n  can d i scha rge  a t  v a r i o u s  rates and a t  v a r i o u s  t i m e s  of t h e  yea r .  
Canning and food p rocess ing  p l a n t s ,  f o r  example, may on ly  d i s c h a r g e  
s e a s o n a l l y  and some munic ipa l  o p e r a t i o n s ,  such as lagoons and sp ray  
i r r i g a t i o n  f a c i l i t i e s ,  may d i s c h a r g e  s l u g s  of t r e a t e d  w a s t e  p e r i o d i c a l l y .  
Farming o p e r a t i o n s  and t h e  a p p l i c a t i o n  of f e r t i l i z e r s  and p e s t i c i d e s  can 
a l s o  cause seasona l  f l u c t u a t i o n s  i n  concen t r a t ion .  Street  l i t t e r  may 
a l s o  vary  s e a s o n a l l y  wi th  seed  and l e a v e  f a l l ,  which i n  t u r n  a f f e c t s  
t h e  c o n c e n t r a t i o n  of contaminants i n  urban r u n o f f .  
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Perhaps one of  t h e  most s i g n i f i c a n t  f a c t o r s ,  however, i s  t h e  s o i l  
t e x t u r e  and e r o d i b i l i t y  of t h a t  s o i l  w i t h i n  a given bas in .  Overland 
runoff  is  more p reve lan t  on c l a y  s o i l s  than sandy s o i l s ,  s i n c e  sandy 
s o i l s  t end  t o  have h ighe r  water i n f i l t r a t i o n  rates. 
t h e  r i v e r s  i n  F igure  3 , t h e  Muskegon River  d r a i n s  a predominately 
sandy b a s i n  wh i l e  t h e  s o i l s  of t h e  Manitowac tend  t o  be  more c layey .  
Consequently,  t h e  s o i l  t e x t u r e  of t h e  watersheds may e x p l a i n ,  a t  least i n  
p a r t ,  t h e  v a r i a b i l i t y  i n  t o t a l  phosphorus concen t r a t ion  as noted i n  F igure  
The s o i l  cond i t ions  n o t  on ly  a f f e c t  what is  t r a n s p o r t e d  b u t  t h e  volume 
of water t h a t  a c t u a l l y  moves over  t h e  b a s i n  on a u n i t  area b a s i s .  The 
e f f e c t  t h a t  s o i l  t e x t u r e  has  on a given b a s i n  w i l l  be d iscussed  i n  more 
d e t a i l  i n  a fo l lowing  s e c t i o n .  

Re fe r r ing  back t o  

3 .  

V a r i a b i l i t y  of Loads 

When you combine flow and concen t r a t ion  t o  g e t  a load ,  you are  
combining t h e  v a r i a b l e  n a t u r e  of t hose  flows and concen t r a t ions .  Because 
of t h e  v a r i a b i l i t y ,  t h e  c a l c u l a t e d  mean d a i l y  loads  can vary  by o r d e r s  of 
magnitude from one sampling day t o  ano the r .  For example, refer t o  
Table 1 9 ,  which l i s ts  d a i l y  suspended s o l i d s  loading  d a t a  f o r  t h e  
Manitowoc River .  While t h e  mean annual  f low f o r  1975 w a s  s u b s t a n t i a l l y  
less than f o r  1976, t h e  load  f o r  1975 w a s  over  fou r  times g r e a t e r  than  
f o r  1976. The primary reason  f o r  t h i s  d i f f e r e n c e  i s  t h a t  i n  1975 two 
s a m p l e s  w e r e  t aken  dur ing  very high f lows.  Suspended s o l i d s  concen t r a t ions  
w e r e  a l s o  very  h igh  a t  t h e s e  t i m e s .  These two days accounted f o r  94 pe rcen t  
of t h e  sum of t h e  d a i l y  loads  c a l c u l a t e d  f o r  t h e  19 days sampled. I n  
1976 t h e  h i g h e s t  f low encountered on a sampling day w a s  on ly  about  h a l f  
as g r e a t  as t h e  h igh  flows encountered i n  1975. Also,  t h e  corresponding 
suspended s o l i d s  concen t r a t ions  were r e l a t i v e l y  lower f o r  t h e  h igh  flows 
i n  1976 than  they were f o r  1975. This  example provides  a good i l l u s t r a t i o n  
of t h e  d i f f i c u l t y  t h a t  can b e  encountered i n  a c c u r a t e l y  c h a r a c t e r i z i n g  t h e  
loads  i n  streams from one year  t o  t h e  n e x t ,  u s ing  a l i m i t e d  d a t a  base.  
It should be noted ,  however, t h a t  no t  a l l  streams encountered i n  t h i s  
s tudy  appear  t o  be  t h i s  d i f f i c u l t  t o  c h a r a c t e r i z e .  Many r i v e r s  examined 
s h o w  a remarkable s t a b i l i t y  i n  concen t r a t ion ,  as  w a s  i n d i c a t e d  by t h e  
Musekgon River  i n  F igure  3 .  Genera l ly ,  t hose  r i v e r s  d r a i n i n g  sandy 
watersheds w e r e  more s t a b l e  both  i n  t e r m s  of flow and concen t r a t ions .  It 
i s  important  t o  r e a l i z e  t h a t  wh i l e  t h e  d a t a  i n  Table 19 i n d i c a t e s  t h e  
importance of sampling t h e  Manitowac River du r ing  high f lows ,  i t  may no t  
b e  necessa ry  t o  sample a l l  t r i b u t a r i e s  i n  t h e  U. S .  Great Lakes Basin 
i n  t h i s  f a sh ion .  

T r ibu ta ry  Response V a r i a t i o n s  

I n  an e f f o r t  t o  determine any c o r r e l a t i o n s  of concen t r a t ion  wi th  f low,  
l i n e a r  r e g r e s s i o n s  were run  us ing  t o t a l  phosphorus and suspended s o l i d s  d a t a  
from s e v e r a l  t r i b u t a r i e s  f o r  which t h e r e  w a s  cons ide rab le  d a t a .  Slopes 
and r e g r e s s i o n  c o e f f i c i e n t s  from t h e s e  c a l c u l a t i o n s  a re  given i n  Table  20 .  

1 1 2  



TABLE 19  

MANITOWOC R I V E R  (WISCONSIN)  

SUSPENDED S O L I D S  LOADING DATA 

LOA 
k z d a y  

9,343 

250 

8,592 

916,144 

485,253 

5,683 

1 ,468  

506 

5,152 

3,083 

1 ,057  

778 

15,575 

3,205 

5,064 

1 , 4 3 1  

440 

8,769 

1975 

FLOW 
C f W / S )  

67 (1.90) 

34(0.96) 

439(12.43) 

2,370(67.12) 

2,110(59.76) 

101 (2.86) 

40(1.13) 

69(1.95) 

162(4.59) 

90(2.55) 

36(1.02) 

53(1.50) 

1,061(30.05) 

131(3.71) 

207 (5.86) 

65 (1.84) 

18  (0.51) 

28 (0.79) 

23,634 345 (9.77) 

MEAN 79,000 390 (11.04) 

CONCENTRATION 
m g / l  

57 

3 

8 

158 

94 

23 

1 5  

3 

1 3  

14  

1 2  

6 

6 

10 

10 

9 

10 

12 8 

28 

32 

LOAD 
k z y  

1,859 

1,167 

4,167 

1 , 1 7 7  

18 , 496 

50,615 

38,460 

19,215 

528 

396 

14,000 

1976 

now 
C f W / S )  

40(1.13) 

53(1.50) 

131(3.71) 

37 (1.05) 

315 (8.92) 

1,293(36.62) 

1,048(29.68) 

561(15.89) 

36(1.02) 

18  (0.51) 

350(9.91) 

CONCENTRAT 
mg l a  

19 

9 

1 3  

1 3  

24 

16  

1 5  

1 4  

6 

9 - 

14  

N e a n  Flow f o r  Y e a r  296 c f s  (8.38) M e a n  Flow f o r  Y e a r  368 c f s  (10.42) 
E s t i m a t e d  Load f o r  Y e a r  23,000 m e t r i c  tons  E s t i m a t e d  Load f o r  Y e a r  5,200 m e t r i c t o n s  
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RIVER 

TABLE 20 

LINEAR REGRESSION OF FLOW (cfs) vs CONCENTRATION (mg/l) 

S t .  Louis 

Nemad j i 

Carp (L. Super ior )  

Fox 

Black (L.  Michigan) 

Grand 

Saginaw 

Genesee 

Oswego 

Black (L. Ontar io)  

Maurneel. 

P o r t  a g e l  - 
Sandus ky l* 

Huron1. 

V e r m i l i  on1 

Black (L. E r i e ) l *  

Cuy ahogal -  

Chagrin1* 

cat ta raugus  1- 

TOTAT., PHOSPHORUS 
SLOPE rz 

(mul t ip ly  by l ( r 3 >  

-0.001 0.01 

0.052 0.48 

1.107 0.05 

-0.005 0.05 

-0.157 0.16 

-0.003 0.10 

-0.002 0.07 

-0.001 0.01 

-0.003 0.10 

0.000 0.00 

0.029 

0.175 

0.038 

0.106 

0.040 

-0.028 

-0.011 

0.100 

0.043 

SUSPENDED SOLIDS 
SLOPE rl 

(mul t ip ly  by 

2 . 2  0.79 

188.1 0.68 

331.8 0.30 

1.3 0.07 

10.6 0.08 

0 .5  0.06 

4.0 0.70 

56.6 0.48 

0.9 0.10 

0.9 0.19 

11.1 

62.8 

32.2 

89.2 

108.2 

46.0 

145.2 

10.3 

444.0 

1. 
Slopes es t imated  from Lake E r i e  Wastewater Management Study (Corps. of 
Engineers ,  1975)  p l o t s  
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The l i n e a r  r e g r e s s i o n  r e s u l t s  presented  i n  t h i s  t a b l e  were computed 
w i t h  flow i n  c f s  as t h e  x v a r i a b l e  and t o t a l  phosphorus o r  suspended 
s o l i d s  as t h e  y v a r i a b l e .  
r e l a t i o n s h i p  between flow and concen t r a t ion  wi th  t h e  l a r g e  p o s i t i v e  s l o p e  
showing a rise i n  concen t r a t ion  w i t h  a rise i n  flow, and t h e  small o r  
n e g a t i v e  s l o p e  showing no change i n  concen t r a t ion  w i t h  an  i n c r e a s e  i n  flow 
o r  a n  a c t u a l  dec rease  i n  concen t r a t ion  wi th  l a r g e r  f lows.  

The s l o p e  of t h e  l i n e  generated g ives  a gene ra l  

2 T h e  c o e f f i c i e n t  of l i n e a r  c o r r e l a t i o n  ( r  ) between f low and concen t r a t ion  
is  a measure  of t h e  s t r e n g t h  of t he  l i n e a r  r e l a t i o n s h i p  between flow and 
concen t r a t ion .  The p ropor t ion  of t h e  v a r i a n c e  of concen t r a t ion  expla ined  
by a l i n e a r  r e g r e s s i o n  on flow i s  i n d i c a t e d  by rz .  I f  rz = +I, t h e r e  is 
a p e r f e c t  l i n e a r  r e l a t i o n s h i p  between flow and concentration: i f  r 2  = 0,  
t h e r e  i s  no l i n e a r  r e l a t i o n s h i p .  I n  Table  20 t h e r e  i s  g e n e r a l l y  l i t t l e  
l i n e a r  r e l a t i o n s h i p  between flow and t o t a l  phosphorus concen t r a t ion ,  
wh i l e  t h e r e  are some s t r o n g  l i n e a r  r e l a t i o n s h i p s  between f low and suspended 
s o l i d s  concen t r a t ion .  

Data used i n  t h i s  a n a l y s i s  were taken  p r i m a r i l y  from 1975 and 1976 
water yea r s .  A l l  r e g r e s s i o n s  were run  on a t  least 40 samples w i t h  some 
on as many as 365 samples.  The Lake E r i e  d a t a  were taken from graphs 
presented  i n  t h e  Lake E r i e  Wastewater Management Study Report  (Corps of 
Engineers ,  1975).  
va lues  could b e  obta ined .  While many of t h e s e  c o e f f i c i e n t s  do n o t  i n d i c a t e  
a high l i n e a r  c o r r e l a t i o n  between flow and concen t r a t ion ,  gene ra l  t r e n d s  
are ev iden t .  F igure  4 i l l u s t r a t e s  t h e  gene ra l  t rend  between f low and 
t o t a l  phosphorus concen t r a t ion  f o r  t h e  Maumee River .  A s  one can see, 
wh i l e  t h e  t r end  is toward i n c r e a s i n g  concen t r a t ion  wi th  f low,  t h e r e  is  
cons ide rab le  scatter i n  t h e  d a t a .  Many streams (but  no t  a l l )  show t h i s  
t ype  o f  r e l a t i o n s h i p  between f low and concen t r a t ion .  

These s l o p e  va lues  were approximated, t hus  no r2 

The s l o p e s  i n  Table  20 i n d i c a t e  a gene ra l  p a t t e r n  around t h e  b a s i n .  
T o t a l  phosphorus concen t r a t ions  i n  t h e  Maumee, Po r t age ,  Sandusky, Huron, 
Vermilion, Chagrin,  Cat tauragus ,  and Canadway t r i b u t a r i e s ,  a l l  from t h e  
Lake E r i e  bas in ,  tend t o  increase w i t h  a rise i n  flow. The Carp R ive r ,  
d r a i n i n g  i n t o  Lake Supe r io r ,  a l s o  showed t h i s  same t r end .  However, t h e  
Ohio, Black, and Cuyahoga Rivers  d r a i n i n g  i n t o  Lake Erie,  t h e  Genesee, 
Black, and Oswego Rivers d r a i n i n g  i n t o  Lake On ta r io ,  and Grand and Fox 
Rivers  d r a i n i n g  i n t o  Lake Michigan, t h e  t rend  w a s  one of a s l i g h t  
dec rease  i n  t o t a l  phosphorus concen t r a t ion  w i t h  flow. For t h e s e  r i v e r s  
i t  would appear  t h a t  phosphorus concen t r a t ions  are less v a r i a b l e  and less 
c o r r e l a t e d  w i t h  flow o r  p o s s i b l y  t h a t  t h e  sampling program, a t  least  f o r  
some o f  t h e  streams, w a s  inadequate  i n  terms of c o l l e c t i n g  r e p r e s e n t a t i v e  
h igh  f low t o t a l  phosphorus d a t a .  

Slopes of r e g r e s s i o n s  of suspended s o l i d s  concen t r a t ions  v e r s u s  f low 
are a l s o  g iven  i n  Table  2 0 .  A l l  t h e  r i v e r s  i n  Table 2 0  show a g e n e r a l  
i n c r e a s e  i n  suspended s o l i d s  concen t r a t ion  wi th  an i n c r e a s e  i n  flow. 
The t r i b u t a r i e s ,  however, f a l l  i n t o  t h r e e  d i s t i n c t  groups.  The f i r s t  group 
con ta ins  s e v e r a l  of t h e  t r i b u t a r i e s  f lowing i n t o  Lake E r i e ,  such as t h e  
Maumee River ,  as w e l l  a s  t h e  Genesee i n  t h e  On ta r io  Basin and t h e  Nemadji 
i n  t h e  Super ior  b a s i n .  The g e n e r a l  t r end  f o r  t h e s e  streams i s  f o r  suspended 
s o l i d s  t o  i n c r e a s e  w i t h  an i n c r e a s e  i n  flow. The streams i n  the  
second group, which i n c l u d e s  t h e  Sandusky, Vermil ion,  Huron, Po r t age ,  
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Black (Ohio),  Saginaw, and Carp Rivers ,  a l s o  shows an upward t r end  i n  
concen t r a t ion  as flows i n c r e a s e ,  a l though t h e  s l o p e  of t h e  i n c r e a s e  i s  
less  than  t h e  f i r s t  group. The t h i r d  group con ta ins  streams t h a t  show a 
very s l i g h t  t o  non-exis ten t  i n c r e a s e  i n  concen t r a t ion  wi th  increase i n  flow. 
These inc lude  t h e  Fox, S t .  Louis ,  Oswego, Grand (Michigan),  and two Black 
Rivers  (one d r a i n i n g  i n t o  On ta r io ,  and t h e  o t h e r  i n t o  Lake Michigan 
a t  South Haven, Michigan). 

Assuming t h e  d a t a  are  r e p r e s e n t a t i v e ,  i t  can b e  concluded t h a t  n o t  a l l  
t r i b u t a r i e s  respond t o  runoff  even t s  i n  t h e  same fash ion .  The loads  from 
some t r i b u t a r i e s ,  termed ” s t a b l e  response” t r i b u t a r i e s ,  are n o t  dominated 
by runoff  even t s  because t h e  concen t r a t ions  of many parameters  such as 
t o t a l  phosphorus and suspended s o l i d s ,  do no t  va ry  g r e a t l y  wi th  flow 
and t h e  flow i t s e l f  t ends  t o  be  r e l a t i v e l y  s t a b l e  ( l e s s  f l a s h y ) .  The 
loads  of o t h e r  t r i b u t a r i e s  , termed ‘‘event response” t r i b u t a r i e s ,  are 
g r e a t l y  inf luenced  by runoff  events .  Obviously,  t h e s e  are only  two 
g e n e r a l  c l a s s i f i c a t i o n s ,  and many i n d i v i d u a l  v a r i a t i o n s  do e x i s t .  

Example o f  S t a b l e  Response T r i b u t a r y  - Grand River .  The Grand River, 
which w a s  one of t h e  t r i b u t a r i e s  where t o t a l  phosphorus gene ra l ly  decreased 
w i t h  f low and suspended s o l i d s  inc reased  only s l i g h t l y  (Table  20), 
is of p a r t i c u l a r  i n t e r e s t  s i n c e  i t  w a s  sampled on a d a i l y  b a s i s  f o r  over  
a year  as p a r t  of  S u b a c t i v i t y  2-2 of U. S .  Task D. Consequently,  t h e  d a t a  
a v a i l a b l e  f o r  t h e  Grand i s  probably r e p r e s e n t a t i v e  of a c t u a l  cond i t ions  
and i n t e r p r e t a t i o n s  of t h e s e  d a t a  are n o t  confused by d a t a  gaps.  

Because of  t h e  f a c t  t h a t  t o t a l  phosphorus and suspended s o l i d s  
concen t r a t ions  nea r  t h e  mouth of t h e  Grand River  v a r i e d  r e l a t i v e l y  
s l i g h t l y  wi th  t h e  f low,  t h e  (1976) loads  c a l c u l a t e d  based on d a i l y  
sampling would l i k e l y  d i f f e r  l i t t l e  from t h e  load c a l c u l a t e d  us ing  only 
monthly samples g iven  adequate  flow d a t a .  I n  o rde r  t o  v e r i f y  t h i s  
a s s e r t i o n ,  1976 suspended s o l i d s  and t o t a l  phosphorus loads  were c a l c u l a t e d  
assuming t h e  only  d a t a  a v a i l a b l e  were monthly samples taken  on t h e  f i r s t  
o f  t h e  month (when t h e  Grand River  w a s  u s u a l l y  sampled over  t h e  y e a r s ) .  
The load  w a s  then  compared t o  t h e  load  based on d a i l y  sampling over  a 
l a r g e  p a r t  of  t h e  water year .  Table 2 1  p re sen t s  t h e  r e s u l t s  of t h e  loads  
c a l c u l a t e d  based on t h e s e  d a t a  sets. A s  can be seen  t h e  d i f f e r e n c e s  i n  
t h e  loads  based on 10 samples and 212 samples w a s  no t  l a r g e ,  e s p e c i a l l y  
wi th  regard  t o  t o t a l  phosphorus. Consequently,  f o r  many purposes  t h e  load 
es t imated  from only  a few samples p e r  year  may be s a t i s f a c t o r y  f o r  a 
r i v e r  such as t h e  Grand, e s p e c i a l l y  given t h e  c o s t  of d a i l y  ve r sus  monthly 
sampling. 

There has  a l s o  been very  l i t t l e  change i n  suspended s o l i d s  and t o t a l  
phosphorus concen t r a t ions  over  t h e  yea r s .  Table 22 shows t h e  average 
y e a r l y  concen t r a t ions  measured f o r  t h e  Grand River  beginning as e a r l y  as 
1963. This  i n d i c a t e s  t h e  s t a b i l i t y  of t h i s  river i n  terms of concen t r a t ion  
over  t h e  yea r s .  S i g n i f i c a n t l y ,  average concen t r a t ions  for 1976, whether 
based on monthly obse rva t ions  o r  a l a r g e  d a t a  s e t ,  are a l s o  similar t o  t h e  
h i s t o r i c a l  ave rages ,  aga in  i n d i c a t i n g  t h e  s t a b i l i t y  of t h e  Grand River. 
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Example of Event Response T r i b u t a r y  - Nemadji River .  Impor tan t ly ,  
t h e  Grand River i s  an example of  a group of r i v e r s  t h a t  are not  g r e a t l y  
a f f e c t e d  by runoff  even t s ,  
d ramat ic  concen t r a t ion / f low changes is t h e  Nemadji River ,  which d r a i n s  
i n t o  wes tern  Lake Super ior .  A d a i l y  sediment s t a t i o n  wws e s t a b l i s h e d  nea r  
the  mouth of t h e  Nemadji i n  1973, s o  t h a t  a good suspended s o l i d s  d a t a  
base  is  o b t a i n a b l e  f o r  t h e  las t  few yea r s .  

An example of a r i v e r  t h a t  undergoes more 

Table  2 3  c o n t a i n s  a se t  of d a i l y  sediment d a t a  c o l l e c t e d  nea r  t h e  
mouth of t h e  Nemadji. 
of 1975, concen t r a t ions  and f lows w e r e  extremely v a r i a b l e .  Also,  t h e  
c o n c e n t r a t i o n  of suspended s o l i d s  g e n e r a l l y  inc reased  wi th  flow. The 
computed d a i l y  sediment load  a l s o  shown i n  Table  23  i n d i c a t e s  t h e  need 
t o  sample  f o r  chemical  c o n s t i t u e n t s . a t  v a r i o u s  r e p r e s e n t a t i v e  flows i f  
t h e  annual  l oads  are t o  be  es t imated  f o r  t h i s  t r i b u t a r y .  The p r o b a b i l i t y  
of  no t  c o l l e c t i n g  r e p r e s e n t a t i v e  samples i f  t h e  sampling program 
c o n s i s t e d  o f  one sample p e r  month on t h e  f i r s t  of t h e  month would be  
r e l a t i v e l y  high. Consequently,  such  l i m i t e d  d a t a  would l e a d  t o  i n a c c u r a t e  
estimate of  t h e  load.  

The d a t a  show t h a t  dur ing  a 15-day per iod  i n  June 

I n t e r e s t i n g l y ,  t h e  Grand River  i s  one of t h e  l a r g e s t  t r i b u t a r i e s  
t o  t h e  Great Lakes,  wh i l e  t h e  Nemadji River  is r e l a t i v e l y  s m a l l .  I n  f a c t ,  
t h e  watershed of  t h e  Nemadji i s  less than  10  percent  of t h e  watershed 
area of  t h e  Grand River .  Never the less ,  t h e  es t imated  1976 suspended 
s o l i d s  load from t h e  Nemadji, 71,000 metric t o n s ,  is  almost  50 pe rcen t  
of t h e  load  es t imated  f o r  t h e  Grand River .  On a u n i t  area b a s i s ,  t h e  
Nemadji watershed con t r ibu ted  550 kg/ha-year, wh i l e  t h e  Grand River  
c o n t r i b u t e d  only  98 kglha-year.  

TABLE 2 1  

GRAND RIVER TOTAL PHOSPHORUS AND SUSPENDED SOLIDS LOADS 
CALCULATED BASED ON DAILY SAMPLING AND A MONTHLY SUBSET 

O F  THESE SAMPLES (DURING WATER YEAR 1976) 

- Metr.ic Tons/Yr 

T o t a l  Phosphorus Suspended S o l i d s  

A l l  Samples (212) 

Samples from F i r s t  
of Month Only (10) 

84 0 150,000 

7 10  102,000 
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WATER YEAR -- 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

TABLE 22 

AVERAGE ANNUAL TOTAL PHOSPHORUS AND SUSPENDED SOLIDS 
CONCENTRATIONS MEASURED NEAR THE MOUTH 

OF THE GRAND RIVER SINCE 1963 

Weighted Average 

AVERAGE SUSPENDED NO. OF AVERAGE TOTAL NO. OF 
SAMPLES SOLIDS SAMPLES PHOSPHORUS 

mg/ 1 m g / l  P 

26.3 

22.1 

31.1 

18.4 

18.3 

15.0 

18.5 

16.2 

14 .5  

17.6 

2 1 . 1  

17.2 

16.4 

19 .2  

12  

15 

8 

18 

7 

1 7  

13 

12  

10 

12  

7 

8 

7 

.204 

.247 

.263 

.175 

.186 

.170 

.180 

.167 

0.204 

7 

13 

12  

10 

12  

7 

8 

9 
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DATE 

6/11/75 

6 /12/75  

6/13/75 

61141 75 

61 151 75 

6/16/75 

6/17/75 

61 181 7 5 

6/19/75 

6120175 

6/21/75 

6/22/75 

6/23/75 

6/24/75 

6 / 2 5 / 7 5  

TABLE 23 

NEI&DJI RIVER (WISCONSIN) 

SUSPENDED SOLIDS DATA 

MEAN 
DISCHARGE 
- 

x(-m3/s> 
112( 3.17) 

772(21.86) 

2,560( 72.50) 

1,330(37.67) 

1,100(31.15) 

1,520(43.05) 

895(25.35) 

650(18.41 

536(15.18) 

440 (12.46) 

617 (17.47) 

1,310(37.10) 

803 (22.74) 

533(15.09) 

407 (11.53) 

MEAN 
CONCENTRATION 
- 
mg/ 1 

1 5  

610 

1,070 

302 

722 

646 

14  5 

94 

72 

63 

646 

801 

146 

101  

77 

1975 Mean Daily Flow = 437 c fs  (12.38 m3/s) 

I 

SEDIMENT 
LOAD 

Metric Ton/Day 

4.1 

2,585 

7,220 

980 

2,304 

2,594 

329 

151 

95 

67 

1,179 

2,703 

291 

133 

7 7  

Suspended S o l i d s  Load f o r  1975 = 154,000 Metric Tons (based on 365 samples) 
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Watershed C h a r a c t e r i s t i c s  Versus Tr ibu ta ry  Response 

The reason  f o r  t h e  d i f f e r e n c e  i n  loading  rates of t h e  Grand River and 
However, as mentioned t h e  Nemadji i s  probably t h e  r e s u l t  of many f a c t o r s .  

p rev ious ly ,  one f a c t o r  t h a t  s t a n d s  out  i n  importance is  t h e  s o i l  t e x t u r e  
of t h e i r  b a s i n s .  F igures  5 and 6 presen t  t h e  s o i l  t e x t u r e s  of 
River  Basin Group 1.1 and 2 . 3  which con ta in  t h e  Grand River  b a s i n  and t h e  
Nemadji b a s i n ,  r e s p e c t i v e l y .  These f i g u r e s  show t h a t  t h e  Grand River 
watershed is composed of sandy t o  loamy s u r f a c e  s o i l s ,  wh i l e  t h e  Nemadji 
River  watershed s u r f a c e  s o i l s  are predominately c l a y .  The Nemadji 
River  b a s i n  is  p a r t  of t h e  w e l l  known red  c l a y  area loca ted  i n  t h e  western 
b a s i n  of  Lake Super ior .  

I n v e s t i g a t i o n  of t h e  s o i l  t e x t u r e  c h a r a c t e r i s t i c s  r e v e a l  t h a t ,  
i n  g e n e r a l ,  t h o s e  watersheds wi th  s u r f a c e  s o i l s  t h a t  c o n t a i n  cons ide rab le  
amounts of c lay-s ized  p a r t i c l e s  tend t o  c o n t r i b u t e  s i g n i f i c a n t l y  h igher  
l oads  p e r  u n i t  area of  suspended s o l i d s  and phosphorus than watersheds 
t h a t  have more coa r se  gra ined  (sandy) s o i l s .  Also,  water q u a l i t y  of  t h e  
rivers d r a i n i n g  sandy type  s o i l s  i s  o f t e n  much b e t t e r  than t h o s e  r i v e r s  
d r a i n i n g  c l a y .  Fu r the r ,  as d i scussed  p rev ious ly ,  streams d r a i n i n g  
c l a y  s o i l s  appear  t o  be more f l a s h y  i n  terms of t h e  v a r i a b i l i t y  of 
concen t r a t ions  wi th  flow. Streams d r a i n i n g  sandy s o i l s  are o f t e n  less 
v a r i a b l e  i n  terms of t h e i r  chemical c o n s t i t u e n t s  and have flows which 
a re  more s t a b l e .  

Lake Erie  streams, a t  least  wes tern  b a s i n  streams, are good examples 
of streams d r a i n i n g  predominately c layey  s u r f a c e  s o i l s .  P a r t s  of t h e  
Lake Michigan b a s i n  (predominately t h e  Wisconsin s i d e )  and p a r t s  of  t h e  
Lake Super ior  b a s i n  a l s o  have h igh  c l a y  con ten t  and t h e  r ivers appear  t o  
act accord ingly .  I n t e r e s t i n g l y ,  t h e  Supe r io r  b a s i n  has pa tches  of c l a y  
s o i l  i n t e r s p e r s e d  w i t h  more sandy s o i l s .  This  accounts  f o r  t h e  f a c t ,  
a t  least  i n  p a r t ,  t h a t  c e r t a i n  streams i n  t h i s  b a s i n ,  d e s p i t e  t h e  
undeveloped s t a t u s  of t h e  r eg ion ,  are o f t e n  t u r b i d  i n  appearance and 
c o n t r i b u t e  r e l a t i v e l y  high suspended s o l i d s  loads .  P a r t s  of t h e  Lake 
Huron (thumb area) and Lake Ontar io  watersheds a l s o  have soils tending 
toward t h e  c l a y  s i d e .  

Sandy s o i l s  are p reve lan t  i n  t h e  Lake Michigan b a s i n ,  p a r t i c u l a r l y  
on t h e  Michigan p o r t i o n  of t h e  b a s i n .  Streams from t h e s e  areas g e n e r a l l y  
have good water q u a l i t y .  

I n t u i t i v e l y ,  i t  is not  s u r p r i s i n g  t h a t  c layey  s o i l s  produce h igher  
loads  of suspended s o l i d s  and c e r t a i n  chemicals than  sandy s o i l s .  A s  
w a s  d i scussed  i n  d e t a i l  i n  Monteith and Sonzogni (1977), c l a y  s o i l s  gene ra l ly  
have more p o l l u t a n t s  a s s o c i a t e d  wi th  them due t o  t h e  chemical and phys ica l  
c h a r a c t e r i s t i c s  of c l a y  p a r t i c l e s .  Also,  once c lay-s ized  p a r t i c l e s  g e t  
suspended, they  are much less prone t o  s e t t l e  ou t  compared t o  l a r g e r -  
s i z e d  p a r t i c l e s .  Therefore ,  t h e  l i k e l i h o o d  of  c lay-sized p a r t i c l e s  be ing  
t r a n s p o r t e d  ove r  t h e  land t o  t h e  r iver mouth i s  comparat ively high.  Also,  
i n  c l a y  s o i l s  water is  less l i k e l y  t o  i n f i l t r a t e  compared t o  sandy s o i l s ,  
t hus ,  t h e r e  i s  a g r e a t e r  p o s s i b i l i t y  f o r  runoff  t o  occur  fo l lowing  a 
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Figure  6 

SOIL TEXTURE 
River Basin Group 2.3 
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p r e c i p i t a t i o n  even t  i n  c l a y  s o i l s .  
impor tan t  and r e l a t e d  t o  s o i l  t e x t u r e ,  i s  c e r t a i n l y  n o t  e x c l u s i v e l y  
r e s p o n s i b l e  f o r  non-point sou rce  problems as may b e  implied by some 
i n v e s t i g a t o r s .  For example, t h e  Nemadji River  watershed is  h e a v i l y  
f o r e s t e d ,  y e t  produces r e l a t i v e l y  l a r g e  u n i t  area loads  of  suspended s o l i d s .  

Land cover o r  u se ,  w h i l e  c e r t a i n l y  

S o i l  maps showing t h e  predominate t e x t u r e  of s u r f a c e  s o i l s  have been 
prepared  f o r  a l l  U. S .  r i ve r  b a s i n  groups.  These maps w i l l  b e  p re sen ted  
i n  t h e  r e p o r t  on S u b a c t i v i t y  3-4 of t h e  U. S .  Task D ,  PLUARG. I n  a d d i t i o n ,  
i n fo rma t ion  as t o  t h e  pe rcen t  of t h e  d i f f e r e n t  s o i l  t e x t u r e s  i n  i n d i v i d u a l  
watersheds  has been d i g i t i z e d ,  and t h e  informat ion  h a s  been computerized. 
An example o f  t h i s  t ype  of in format ion  s t o r e d  is  g iven  i n  Table  24 . 
Note t h a t  i n  a d d i t i o n  t o  s o i l  t e x t u r e ,  in format ion  is  a v a i l a b l e  on o t h e r  
f a c t o r s  such  as  watershed area, flow (both  c u r r e n t  and t h e  h i s t o r i c a l  
mean) and e r o d i b i l i t y  (K f a c t o r ) .  I t  i s  in tended  t h a t  t h i s  d a t a ,  a long  
w i t h  loading  in fo rma t ion ,  a l s o  computerized, w i l l  b e  analyzed f o r  
s t a t i s t i c a l  c o r r e l a t i o n s  and o t h e r  r e l a t i o n s h i p s .  The r e s u l t s  of t h i s  
a n a l y s i s  w i l l  a l s o  be  r e p o r t e d  as p a r t  of S u b a c t i v i t y  3-4  of U. S .  Task D ,  
PLUARG . 
Recommended Sampling S t r a t e g y  f o r  S t a b l e  Response Versus Event Response S t r e a m s  

It is  c l e a r  t h a t  r i v e r s  behave i n  very  d i f f e r e n t  ways and t h a t  
p r e c i p i t a t i o n  even t s  can have s u b s t a n t i a l l y  d i f f e r e n t  impacts on t h e  t o t a l  
r i v e r  mouth l o a d s .  A s  a r e s u l t  of f low, c o n c e n t r a t i o n  and load  t r e n d s  
observed i n  t h i s  s tudy ,  i t  i s  f e l t  t h a t  f o r  t h e  purpose of c a l c u l a t i n g  
loads  n o t  every  stream needs t o  be  sampled r o u t i n e l y  du r ing  runoff  even t s .  
By examining watershed c h a r a c t e r i s t i c s ,  i nc lud ing  (but  n o t  l i m i t e d  t o )  
s u r f a c e  s o i l  t e x t u r e s ,  i t  is be l i eved  p o s s i b l e  t o  p r e d i c t  whether an  
event  response  o r  s t a b l e  response  can be  expected. Where p o s s i b l e ,  
however, l i m i t e d  sampling du r ing  one o r  more runoff  e v e n t s ,  p a r t i c u l a r l y  
du r ing  s p r i n g ,  would provide  f u r t h e r  and more d e f i n i t i v e  informat ion  on 
whether r o u t i n e  even t  sampling i s  necessa ry  t o  c h a r a c t e r i z e  t h e  annual  
load .  The c o s t  of event  sampling is obvious ly  p r o h i b i t i v e  i n  many c a s e s ,  
bu t  f a i r l y  p r e c i s e  sampling s t r a t e g i e s  can s t i l l  b e  e s t a b l i s h e d  a t  a 
minimal c o s t  by i n t e r p r e t i n g  e x i s t i n g  d a t a .  For example, i n  t h e  wes tern  
h a l f  of t h e  lower pen insu la  of Michigan, almost every  stream examined 
behaves i n  a manner similar t o  t h a t  of t h e  Grand River.  This  would 
i n d i c a t e  t h a t  t h e s e  t r i b u t a r i e s  can be  sampled on a monthly b a s i s  ( a s  
i s  c u r r e n t l y  t h e  case )  t o  o b t a i n  an  adequate  estimate of t r i b u t a r y  load ings .  
I n  nor thwes tern  Ohio streams d r a i n i n g  i n t o  Lake E r i e  are  c l e a r l y  event  
response  streams and r e q u i r e  e x t e n s i v e  sampling t o  a c c u r a t e l y  c h a r a c t e r i z e  
t h e i r  l o a d s ,  as  t h e  Lake E r i e  Wastewater Management Study (Corps of 
Engineers ,  1975) has demonstrated.  

On many streams i n  which c o n c e n t r a t i o n  remains f a i r l y  s t a b l e ,  
sampling over  s e v e r a l  y e a r s  on a monthly b a s i s  may produce r e p r e s e n t a t i v e  
d a t a  which can be used t o  c a l c u l a t e  l oads  f o r  f u t u r e  y e a r s .  I n  o r d e r  t o  
v e r i f y  t h i s  p o i n t ,  t h e  1976 load  of suspended s o l i d s  w a s  computed us ing  
t h e  r a t i o  e s t i m a t o r  method ( t h e  mean annual  flow based on continuous 
gaging w a s  used t o  a d j u s t  t h e  load)  from 212 measurements of suspended 
s o l i d s  and flow c o l l e c t e d  a t  d a i l y  i n t e r v a l s  between March 1, 1976, and 
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September 30, 1976, from t h e  Grand River .  
t o  t h e  load  c a l c u l a t e d  us ing  143 monthly measurements of flow and 
c o n c e n t r a t i o n  taken  between 1963 and 1975, which were a d j u s t e d  t o  t h e  1976 
mean annual  f low us ing  t h e  r a t i o  e s t i m a t o r  method. The load  genera ted  
us ing  t h e  flow a d j u s t e d  h i s t o r i c a l  samples w a s  120,000 metric t o n s  p e r  
y e a r ,  o r  about  80 pe rcen t  of t h e  suspended s o l i d s  load  c a l c u l a t e d  us ing  
t h e  1976 d a t a .  T h i s  would i n d i c a t e  t h a t  f o r  r i v e r s  such as t h e  Grand, 
i t  might even be p o s s i b l e  t o  estimate a load by a d j u s t i n g  h i s t o r i c a l  
c o n c e n t r a t i o n  arid f l o w  d a t a  w i t h  t h e  observed mean annual  flow. I n  o t h e r  
words, f o r  c e r t d l n  r i v e r s  d knowledge of t h e  flow f o r  a g iven  yea r  would 
be  a l l  t h a t  i s  necessa ry  t o  c a l c u l a t e  a r easonab le  estimate of t h e  l o a d ,  
assuming no major changes occur i n  t h e  c h a r a c t e r i s t i c s  of t h e  watershed 
(e .  g . ,  l and  use )  o r  p o i n t  sou rce  i n p u t s .  

Th i s  load  w a s  then  compared 

I n  conc lus ion ,  many streams r e q u i r e  d e t a i l e d  and expensive sampling t o  
c h a r a c t e r i z e  l o a d s  of c e r t a i n  parameters .  However, i t  appears  t h a t  a l l  
r i v e r s  need n o t  n e c e s s a r i l y  be sampled i n  such a manner. Applying 
knowledge of watershed c h a r a c t e r i s t i c s  and c a r e f u l  i n t e r p r e t a t i o n  of 
e x i s t i n g  d a t a  could  l ead  t o  a more l i m i t e d  and economical sampling 
program f o r  many screams. 

C r i t i c a l  Erosion Per iod  

Genera l ly  g r e a t e s t  amounts of sediment and a s s o c i a t e d  materials a r e  
eroded from t h e  l and  when t h e  s u r f a c e  i s  unvegeta ted ,  such  as a f t e r  plowing. 
The longe r  t h e  s o i l  remains unvegeta ted ,  t h e  g r e a t e r  t h e  p o s s i b i l i t y  f o r  
e x t e n s i v e  e ros ion .  F a l l  plowing, t h e n ,  would appear t o  provide  a g r e a t e r  
oppor tun i ty  f o r  e r o s i o n  than  plowing i n  t h e  s p r i n g .  However, e r o s i o n  
can occur  even wi thout  plowing. 

A s  d i scussed  ear l ie r ,  t h e  Nemadji R ive r ,  d e s p i t e  t h e  f a c t  i t s  watershed 
is mostly f o r e s t e d ,  s t i l l  c o n t r i b u t e s  s i g n i f i c a n t  amounts of sediment.  
Apparent ly ,  i n  watersheds  l i k e  t h e  Nemadji w i t h  c layey  s o i l s ,  e r o s i o n  can 
occur despite a vegetative cover.  Some of t h i s  e r o s i o n  may b e  a t t r i b u t a b l e  
t o  streambank e r o s i o n  as w e l l  as s h e e t  and g u l l y  o r  over land  e ros ion .  
Once c l a y  s o i l s  a re  eroded and d i spe r sed  i n  w a t e r ,  t hey ,  i n  g e n e r a l ,  
s e t t l e  ou t  ve ry  slowly. Consequently, when c lay-s ized  sediment is 
suspended, i t  has  a r e l a t i v e l y  h igh  p r o b a b i l i t y  of  being t r a n s p o r t e d  f o r  
cons ide rab le  d i s t a n c e s .  C e r t a i n l y ,  however, l and  u s e  may a f f e c t  t h e  amount 
of material  c o n t r i b u t e d  from a c layey  watershed, bu t  i t  does n o t  a p p e a r  
t o  be t h e  dominant f a c t o r  based on t h e  admi t t ed ly  l i m i t e d  d a t a  a v a i l a b l e .  

Burwell e t  a l .  (1975) i n  a s tudy  of e ros ion  of loam s o i l s ,  cons idered  
t h r e e  seasona l  per iods :  (1) a c r i t i c a l  runoff  per iod  dur ing  snowmelt, 
(2) a c r i t i c a l  e r o s i o n  pe r iod  between t h e  s p r i n g  m e l t  and two months 
a f t e r  a c rop  cover w a s  e s t a b l i s h e d ,  and (3 )  a n o n c r i t i c a l  e r o s i o n  p e r i o d .  
They concluded t h a t  much of t h e  annual  sediment and t o t a l  n u t r i e n t  l o s s e s  
occurred  du r ing  t h e  c r i t i c a l  e r o s i o n  period ( 2 ) .  Snowmelt, however, 
accounted f o r  much of t h e  w a t e r  l o s s  as  w e l l  as t h e  s o l u b l e  n u t r i e n t  l o s s e s .  
This  p a t t e r n  l i k e l y  holds  f o r  much of t h e  Great Lakes B a s i n ' s  a g r i c u l t u r a l  
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l and .  Should f a l l  plowing occur ,  t h e  c r i t i c a l  e ros ion  per iod  probably 
ex tends  t o  t h e  f a l l  between t h e  t i m e  i t  is plowed and when t h e  ground 
becomes snow covered o r  f rozen .  

I n  a s tudy  of phosphorus and n i t r o g e n  l o s s e s  from d i s p o s a l  of d a i r y  
manure d u r i n g  w i n t e r  (Klausner e t  a l . ,  1976), i t  w a s  found t h a t  manure 
app l i ed  t o  t h e  land  du r ing  a c t i v e  thaw p e r i o d s  can r e s u l t  i n  i nc reased  
n u t r i e n t  l o s s e s .  By apply ing  manure over  t h e  winter  s o  i t  w a s  covered 
by snow which melted a t  a l a te r  d a t e ,  n u t r i e n t  l o s s e s  were minimized. 

The above examples i n d i c a t e  t h a t  c r i t i c a l  pe r iods  e x i s t  which can 
a f f e c t  t h e  e r o s i o n  and loss  of materials from t h e  watershed. T r i b u t a r i e s ,  
a t  least  a t  t h e  r i v e r  mouth, a re  t h e  i n t e g r a t e d  e f f e c t  of many d i f f e r e n t  
f a c t o r s  and a c t i v i t i e s  i n  t h e  watershed. More r e s e a r c h  and informat ion  
i s  needed on t h e s e  f a c t o r s  and ac t iv i t ies  t o  e f f e c t i v e l y  and economically 
manage watersheds  t o  minimize loads  of p o l l u t a n t s  t o  t h e  Great Lakes. 

1 2  7 
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1O'TAl- F'I-IOGPHORUS 1975 

T R l  BIJ'T'ARY L.AI.r;E RIVER 
NAME BASIN GROUP 

3 
3 
3 
3 
1 
2 
3 
2 
2 
2 
2 
2 
3 
3 
3 
4 
1 
1 
3 
3 
3 
3 
1 
1 
i 
1 
1 
f 
1 
:L 
1 
1 
l 
1 
1 
1 
l 
1 
I. 
1 
1. 
1. 
1 
:t 
1 
1 
2 
2 

L O A D  
t.fJ\YFi' 

125 5 
47t3 
35*9 
2#,2 

510.8 
153*8 

2628 + 0 
154,O 
595 * 0 
136.0 

8 4 t O  
351 t0  
788 t 0 
144*0 
185t0 
253 t 0 
279 0 
31J*0 
332 t 0 
6Yt0 
104t0 
46*4 

199+!3 
2 2 t 6  

529 + a  

256 0 
257 6 
156,O 
27 + 2 
1'7.1 

124.3 
1 0 * 4  
65+0 
10*0 

5 t o  
6 t 0 
4 * 0  
4 0 
7,O 
4t0 
6 t O  
5*0 
1 * 0  
5 , 0  
8ti) 
3 . 0 

12,!5 
158.1 

MEAN SQUARE: 
ERR(MT\YR)*t2 

685 13 
35th  
36 9 

3 * 3  
4281,8 
1006*'? 
561 t 8 
5329 0 

9 * #  
361 t 0 

25 * 0 
169e0 
256 + 0 
3249 * 0 
l 0 0 0 
225 0 

3249 * 0 
2 5 * 0  

8281 0 
64 t 0 
1.0 
4,0 

5 Y + 9  
591.6 

5 * 0  
796 . 7 
Xf35t2 
7230 t 9 

8 * :I 
25,4 

3175*3 

2 8 (9 0 
4 t 0 
4.0 
I t 0  
1.0 
I t 0  
4 0 
4.0 
4t0 
4.0 
1*0 
490 
4 * 0  
I t 0  
6 t'7 

7573 * 7 

278 + 7 

NUM O F  
SA MP I- E S 

9 
8 
9 
12 
30 
17 
20 
262 
281 
277 
399 
43 
42 
45 
41 
43. 
12 
J2 
12 
12 
1 2 
12 
8 
5 

10 
8 
1.5 
I. 3 
14 
13 
12 
12 
31 
31 
31 
31 
30 
3 1 
31 
31 
3 1. 
3 1. 
3 1. 
31 
31 
3 1 
27 
27 
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t Y 

3 

v 
$35 

Y 8 h 

J 88 
? 8 9 
.$ Y O  
t 9 1 
+ Y 2 
Y Y 3  
Y Y4 
* Y 5 
0 9 6 

* b 87 
Q 

* 
Q 

* 
4 

Q 

Q 

Q 

Y 

t 
Y 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 

C )  rc. 

&. 

3443 
6t7 
4t7 
18t5 
5.0 
4tO 
1to 
1 4 0  
2to 
Y * O  
2to 
1tO 
10.0 

Y t O  
lP*O 
18*2 
32t7 
29.8 

7 t O  
9 t o  
loto 
29 t 2 

0 * l 
0 t 3 
o t 1  
lt8 
O+l 
0 * :I. 
3 t 0 

1189t9 
17t6 
33to 
15to 
3640 
4to 
4t7 
86t5 
5 Y t 4  
50+6 
15,s 

499 t 6 
:lY*7 
8*9 

15*2 
42th 
60tl 

10Y+2 
35+6 

MEAN SQUARE 
E R R ( M T \ Y R ) t t Z  

7542 
2 + 6  
1 . 3  

25*7 
4 t 0 
1to 
1 + 0 
1to 
1tO 
4 + 0 
1 0 
1to 
9 t O  

14t4 
13th 
17t4 

J. 3 4 + 6 
1049 
l + O  

25to 
Y t 0 

3sto 
O * O  
oto 

040 
0 t 0 
0 * 0 
oto 

1*0 
4275 t 0 

12.6 
576 t 0 

25 . 0 
900 t 0 

1 * 0 
ot1 
5693 
107t6 
101 * 3  
36tO 

3784 t Y 
3to 
0 . 4  
l t 6  
48+7 

:1 1 3 4 6 
lo16 + 0 

z 1 t 0 

NlJM OF 
SAMPLES 

15 
12 
15 
1.5 
30 
26 
30 
30 
30 
30 
28 
2 y 
52 
12 
15 
1.5 
15 
:I 4 
2 9 
2 0 
30 
1Y 
11 
l 1 
11 
l 1 
11 
11 
3 0 
yj 0 
45 
2P 
30 
3 0 
27 
10 
12 
12 
12 
1 2 
:L 2 
12 
12 
12 
1.3 
12 
6 

48  
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TOTAL- PHOSPHORUS 1976 

TRIEll'T'ARY 1"AIIE RIVER L..OAKI 
NAME BASIN G R O W  

3 
3 
3 
1 

3 

a 
1 
1 
1 
1 
2 
2 
2 
1 
1 
1 
1 
I. 
3. 
1 
3. 
3. 
2 
2 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1. 
I. 
1 
1 
I. 
1 
2 
2 

2 
2 
:3 

'3 ... 

3 
rL 

<:> 
A.. 

MTT\YR 

294 s 
123.5) 
1.12+4 
7 :19 2 
Y19+0 
410+Y 
100+0 
19.9 

123+0 
9.2 
5t0 

18t6 
49.1 

E l + #  
39.0 
52.2 
85.8 
23.0 
1Fi.7 
15.4 
36 + 2 
6.6 
8 . 2 

2 1 b 9 
'35.5 

1428 + 9 
0 2 
0.9 
0 * 4 
0 3 
4 b 
0 . 2 
1514 
13.1 
11*9 
9*7 

S20*6 
32 . 2 
3914 
57 + 0 
47.9 
46 + 6 
6 Y e 3  
2 9 + 6  
35.6 
151.2 
15, 1 

488 . 9 

.... 

2050 9 
450 3 
1486 + 7 
13814.4 
46354 * t3 

5164 3 
210 El 

1*3 
129.4 
2.7 
017 
3.5*!3 
I43 * 0 
22 * 6 
4 6 2 * 5 

68.2 
1204,s 

1 o * o  
2," 
2.0 

14*h 
3 . 4 
J 4 

:I. 0 1. + 6 
2 1 3 * 3  

Z3168*.U 
0 . 0 
0.0 
o * o  
0 + 0  
2 + 3 
0 *, 0 
23.7 
20.0 
0*4 
0 . 3 

7894 + 2 
6 4 + 0  
85+6 
148.6 
42.6 
58 . 1. 
67.9 
1 * o  

4 1 * 3  
3588 * 7 

27 t 2 
41.59,Y 

NlJM OF: 
S A  MPL E !j 

9 
7 
9 

25 
3.3 
10 
24 
24 
2 0 

3 

15 
s. 2 
:I. 2 
I. 2 
S.5 
l 5 
24  
2 4  
I. 2 
1. 2 
12 
I. 1 
3.1 
12 
3 ;3 
43 
4 2 
42 
43 
42 
40 
23 
24 
12 
s. 2 
I 2 
9 

1 2 
1 2 
3.2 
11 
1 2 

163 
6 

11 
8 

s. 1 

c 4 
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TOTAL. PHOSPHORUS 1976 

TI3 I E I J T A R Y  LAKE RIVER 
NAME BASIN GROUP 

I<ALAMAZOO MICH 
MUSKEGON MICH 
MANISTEE M I C H  
*MANXSTIQUE MICH 

(3 I? 4 N D M I C H  
wii x 'rE MICH 
F'ERE MARQUETMICH 
BET s I E MXCH 
HCIR I?DMhN MICI-I 
w t.1 . 'r r:' ... 1:: . .r . 5; H ,y I c; t.1 

E: !? C A N A B  A Mrcii 

3 
4 
4 
4 
4 
3 
4 
4 
4 
4 
4 

LoAu MEAN SC?UARE NLJM O F  
MT\YR ERR (MT\YR 1 *ks2 SAMPLES 

226.1 
100+4  
56+3 
50.8 
32.2 
841 + O  
23*7 
67.5 

5 * 5  
6 * 4  
3.6 

289 + 7 23 
34 3 23 
26.1 24 
14+6 24 
58+7 2 4  
625eO 212 

8+6 22 
172.2 I2 

0.8 12 
3.6 22 
0 2 12 
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SUSF'ENlliED SOLIDS 1 Y75 

t i 
3 2 
P 3 
+ 4 

Y 6 
+ 7 
u 8 
J 9 
P d. 0 
> :I. 1. 
.) I. 2 
0 j '7 

3 :I. 4 
t I. 5 
4 :I. 6 
i. 1. 7 
3 1.8 
P :I 9 
Y 20  
t 2 1 

* 2 3 
3 2 4 

2 6 
2 7 

0 2 8 
i. 2 9 
I 3 0 

J 1 
J 2 
3 3 

d 3 4 
+ 35 
J 3 6 
0 3 7 
+ 3 8 
0 3 Y 
4 40 
P 41 

42 
+ 4 3 
P 44  
+ 4 5 

4 6 . 47 
4 4 8 

+ 
P 

4 

0 c' 
0 ..) 
d 

+ 
J 

u 

d 

+ 
4 

6 . 4 
? 

0 

> 

3 

Q 

* 
"1 ,.> 
4;. i. 

+ 
,') 1:: 
i. il 

> 

0 

> 

t 

4 

u 

+ 
3 

c 

+ 
d 

e 

+ 
* * 

2 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
:I 
1 
1 
2 
2 

3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
1 
1. 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

2 
2 

r) 
d" 

3 
L" 

L O A t l  
MT\YR 

105612+4 
?33Y3+7 
43962 t 6 

8583 + 4 
6824 t 5 
6102+0 

544823 t 0 
2501 t 9 

12684 t 4 
3911 t 6  
7324 t 8 
9287 + 3. 

60#78+6 
5033 t 8 
6418, 1 

23325 + h 
6422 t 6 

22046 + 4 
155i6+0 
12698 9 
8244O+7 

2846 + 4 
27303 + 9 

39655 + Y 
153015 

18766 6 1. 
;3 1.28 t 5 
:1 583 4 9 

12511 1 8  

4086 + 8 
6624 + 4 

1124'3+ 1. 
1197+0 
6868 c ? 
2216+0 

42831 + 3 
I. 3.8 1 8 2 

Y12.0 
6017+3 
6680 t 0 
1292*0 
226 + 0 

2016 + 3 
121022+13 

1474ht0 
2135+0 

76557 j 

20476 b 0 

MEAN SL?UAF\'E: 
E R R ( M T \ Y R ) t X 2  

81792368+0 
532197632tO 
3Y6244480 + 0 

3447278+# 
2324028 + 0 
2354374 + 0 

3040279040+O 
226213t8 

4501624+0 
285778 + 4 

2 1 7 1 3 4 0 * 0 
(55144496+0 
7981 9280 + 0 
1176637+0 
351'1 395 * # 

J 1 842 :I 824 + 0 
1927074 t 0 

40Y59440 t 0 
1+0 

71983088 + 0 
386562560 + 0 

207947 + 6 
10947752to 
913265696 + 0 
5536 I6 1 6 t 0 

1 3. 3357 + 9 
484:l.El6Y+ 0 
4 152027 + 0 
33'3008 + 8 
1265363 + 0 

226662 t 2 
2 1 8 1 4 4 80 t 0 

453.4902+0 
48841. + 0 

1Yt36628 + 0 
,169 t 0 

357356288 t 0 
20546704+0 

32041 + 0 
920254 * 7 

16 1 121 96 + 0 
508;369 + 0 

10201 * o  
81877?+7 

i38!53 1056 + 0 
13385P216 + 0 

537289 + 0 
353 139200 t 0 

8 ;'5 "'3 I-' 

NlJM OF 
!3 A M P L E S 

16 
23 
9 
8 
9 

12 
183 

2 2 
9 

12 
1. 1 
24 
2 3 
2 3 
2 2 
19 
11. 2 
2 4 

2 7 3 
19 
8 
3 

22 
7 

22 
:3 

20 
3 
6 

2 3 
2 3 
12 
14 
2 6 

3 0 
15 
15 
2 7 
I. 5 
28 
3 0 
30 
2 Y  
3 7 
29 
3 0 
3 0 

e.) c 
i" J 
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S'USPENDEU SOLIDS 1975 

RIVER t..om 
GROUP MT\YR 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
l 
1 
1 
1 
x 
1 
1 
1 
J. 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
4 
1 
1 
1 

821 + 0  
57855Y+ 4 

7425 + 0 
3188+ 1 
3203 + 1 

20459 + Y 
9746+0 

12264 0 
3879 + 6 

438 + 0 
602+0 
898+0 
1285 + 0 
1763+0 
726+0 

8220 + 0 
4708 + 0 

695&4 + Y 
1 0 1 1 45 + 5 

4684 + 4 
is4323 + 0 
19 126 + 0 

J l Y 4 * 0  
l237+0 
1208+0 
51#*0 
610+Q 
906.7 

1329*0 
573 + 0 

1657.0 
2238,O 

254 * 0 
1836.0 
159?+0 

478 + 0 
1435696+0 

66000 + 0 
321 840 + 0 

78707 + 0 
1025'32 4 0 
23YY04 + 0  
631281+0 
2461 32 + 0 

15616.7 
16650 + 0 
23255 6 

6 w a o 1 0  

MEAN SaUARE 
E R R ( M T \ Y R ) t * 2  

101761+0 
107476353024 + 0 

5516052 + 0 
5488907 + 0 
3621554,O 

414981'32+0 
x i654224 + 0 
80066704+0 

314085040 
18225 4 0 
71361,U 
7236 1 + 0 
Y 85 9 6 + 0 

276676 + 0 
24647 + 0 

11758041+0 
31Y6Y44 + 0 

125412176+0 
258014192+0 

1447500 4 0 
1 + 0 

72624480 0 
285156 0 
266256 0 
22944:L 4 0 

24336 4 0 
46225 + 0 
30697+8 

29 1600 + 0 
54289 + 0 

YX36049 4 0 
1669264.0 
l46.11 + O  

1 j.55625 + 0 
3391389 + 0 
55696 + 0 

1680999936+0 
28090000 + 0 
24964OQ00 . 0 

2603.0000 . 0 
'3 :'3 6 + 0 510-75y 

118810000+0 
110249'?8400 4 0 
4147360000 + 0 
853775974440 

36342144 + Q 
26339264 + 0 
31996y336 4 0 

NUM OF- 
$31 M P L E S 

27 
4 

2 5 
15 
15 
6 

30 
2 6 
l2 
3 0 
30 
30 
30 
2s 
29 
52. 
24 
2 2 
I Q 
76 

365 
3 1 
31 
3 1 
3 1 
30 
31 
21 
31 
31 
31 
;3 1 
21 
31  
31  
31 

2 6 2 
'1?8 1 
277 
;399 

43 
42 
45 
41. 
4 1  

13 
5 
7 
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SUSPENDED SOLIDS 1976 

+ + 3. 

+ 3 
V 4 

5 
0 7 
0 13 
+ 9 

4 ' 7  
P i 

0 

4 r= 

5 

4 

R 

d J 

.) 

D 

4 
:I. 0 

c 1. :1 

R I V E R  
GROUP 

1 
d" 

3 
3 
3 
3 
1 
1 
1 
I 
1. 
1 
1 
2 
1 
:L 
1 
2 
2 
2 
3 3 

3 
4 
4 
4 
4 
4 
4 
4 
1 
1 
2 1 

1 
2 
1 
1 
1 
2 
I 
2 
2 
2 
2 
1 
I 
1 
i 
1 

L.WALs 
MT\YR 

140524 + 0 
41085+8 
19624.7 
5407+7 
863it0 

1056506 + 0 
7526 1. 
16210+2 
5989 t 4 

203P4+4  
18320 + 0 

103360 6 0 
1413+2 
1721+6 
5169+8 
4796 + 4 

l i i i 6 + 7  
1 2238 o 4 
9239. 4 

113285 t 4 
37091 * 7 

148666 + 9 
61280+4 
1SY63 + 6 
3205 + 3 
:L024+0 

15515,O 
1370+5 
4032 + 9 
6900 + 1 
8403 + 2 
4406 t 7 

362747 + 6 
8428 + 0 
8821 + 3 
10216t3. 

1367+8 
1 :3271+ 2 
785'8o9 
2730 * 8 
4659 + 8 

26260 + 6 
925.5 

146083 + Y 
26947 o 7 

2756 + I 
71 080 + 0 
152578 + 0 
3767+2 

240267680+0 
41882928tO 
13576520+0 
389327 + 8 

1571 l o 3  + 0 
X I 0  

29 1 :L 374 + 0 
4457253 + 0 
533105+7 

12265794 t 0 
33782416+0 

554123.984*0 
36330 t 1 
IS534 + 2 
92249 * :t 

14:L4157+0 
7357446 + 0 

1 + 0  
6759663.0 

2 1 1 8 978 2 4 + 0 
34153840 + 0 
43863600 o 0 
203384240 o 0 

4368410 t 0 
522006 4 

305 i4  o 1 
410.1.014 * 0 

68135+4 
11987'?3*0 
2120240tO 
1444538,O 
1.712668tQ 

106310:L2352,0 
9Yi941 t 1. 

26449664 t 0 
6142244 + 0 

40541.9 * 9 
96028880 t 0 
5293305 t 0 
1.04(?827 t 0 

15797813*0 
377924608tO 

8502Y + 0 
55 y76 1 96 Y 6 0 t 0 

1. 925262.4. 0 
;314556*9 

1 * 0 
7214981120,O 

30726 * 7 

13 
10 
9 
9 
9 

366 
18 
12 
10 
12 

8 
I. Y 
11 
12 
i 0 
12 
11 

:I. 6 3 
6 

1 1  
2 3 

2 1 2 
2 4 
24 
12 
1 2 
23 
12 
22 
I2 
2 4 
1. 1 
3 3 

12 
12 
12 
1. i 
:I. 0 
:I. 2 
:L 2 
12 
3.2 
18 
19 
12 

253 
7 
7 

'2 E? 
A.. ..J 
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; S. . 2 

t 4 
5 

* 6 
Y 7 
Y 8 

'i) 

+ 10 
1 1  

t 3. 2 
* :I. 3 

I. 4 
t 1. 5 
Y 1. 6 

:I. 7 
t :I. i3 
J :I. 9 

2 0 
2 :t 

Y 2 3 
2 4 

E 2 6 

''1 E] 

P 30 
0 3 1. 

3 2 
3 3 

> 3 4 
9 3 :; 

3 6 
> '3 7 

3 8 
39 
40 

Y 4 1. 
3 42  

4 ;:I 
4 4  

c 45 
t 4 0 
J 4 7 
.) 4s 

-X * 4 
- t  

I 

* 
v 

t 

.) 

i 
Y 

* 
* 

* 

> 

3 

.) 

t 

..? ':) 
n.. *.. 

Y 

* '., c" 
L .:I 

Y 

,.) "7 
Y i.. 1 

* i.. 

i ::> * - 
, 

* 

+ 

> 
Y 

t 

> 

9 

* 
E 

t 

'I'R:cblJ'T'ARY LAKE: R I V E R  
NAME:: E t A S I N  GROUP 

1 
2 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
1 
1 
1. 
1 
1 
1 
1 
:t 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1. 
1. 

2 
2 

2 
2 
2 
2 
2 
1 

'7 
4. 

' 7  
L. 

LOAD 
MT\YR 

67+6 
119+4 
113*2 
3143 
16+4 
2 8 + 2  
96+2 
32.3 
9542 

320 9 
28 6 

l e 6  
17,s 

2.5 
2.2 

2S.3 
23.8 

2 + 8  
37.4 
33 + 7 
l5 * 3 

7 * 5  
219.8 

Y * 2  
3 + 5 
30.7 
36 + 5 
2 7 * 4  
1013 
7*0 
7 * 9  
2 * 0  
2.1 
4r7 

1.6 * 3 
1 8  6 
8*2 

3 2 * 2  
0*7 
5,4 
1 + 7 
0.5 
2 * J  
2 1 
0.6 
1. e 8 
4.4 
5 + 6 

28 0 
1.238 2 
28Y2 4 

80*3 
66.5 
11*3 

159.2 
34.4 
55,s 

1345 + 3 
i37.9 
0 * :t 
4 + 13 
0*7 
0.2  
IS + ;3 
24 I fj 
0.1 
48.3 
1.47 . 1 

1 1 * 2  
3 + 2 

4432 + 4 
1 + 2 
012 

Y 6 + W  
108*0 
31 e 3  

7+i 
6 + 0 
0 + 6 
019 
0 4 3 
0 + 2 
18+6 
15.2 
10. 1. 

862 + 9 
0 4 0 
1.9 
0 + 2 
0 + 0 
1 t o  
0 * 2  
0 + 0  
0 . 0 
1 + 0 
:I. + 2 

NUM O F  
S A M  PL- E S 

1 4  
8 

X2 
9 
8 
7 
8 
3 

:I. 0 
7 

1 0  
3 
9 
3 
6 

1. :3 
12 
1 2 

Y 
9 
8 
9 
'3 
9 
9 

3. 0 
9 
4 
3 
Y 

1 5 
12 
1. 6 
15 
1 5 
1. 5 
1. 3 
13 
29 
3 0 
3 0 
30 
30 
2 6 
3 0 
2 8 
2 h 
1. 1 
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SULUB L..E ORTHO PHOSPHORUS i975 

7 R  I BLJ'T'ARY LAKE R I V E R  L.OAD MEAN SCIUARE 
NAPE:  BASIN GROUP MT\YR ERR (M'T\YR ) W 2  

1 
1 
2 
2 
a 
2 
I 
2 
2 
i 
1 
1. 
1 
1 
i 
1 
1 
3. 
2 
2 
2 
2 
3 a" 

8.1 &. 
3 
3 
3 
4 
1 
1. 
1 

40+i 
2 + 2  
8 + 5  

257 + 4 
5.1 
2 + 0  
4 + 8  
7+6 
6 + 7  
2+8 

1011 
6 + 2  
4 + 8  

12+2 
19+6 
8 + 5  
2+6 
2 * 3 
:I. 4 7 

612.0 
52 * 2 
513 4 
3344 
x0.1 

141 1 

21+7  
1 2 * 7  
2.5 'I' 

106+8 
39 + 8 

18340 

NUM OF." 
s A MF'L E E; 

17 
3 0 
29 
50 
45 
30 
30 
z3 0 
3 0 
2 Y 
13 
15 
:I. 2 
:I. 5 
24 
15 
26 
2 13 
' 3  7 

2 8 1 
2 7 7 
JYS, 

4 3 
42 
4 !5 
41 
41 

0 
5 
7 

*> 
"I 1 e> 
i- t.) r:. 

14 3 



F;1: UER 
i; RCIU F' 

1 
2 
3 
:3 
3 
3 
I. 
:I. 
:I. 
:I. 
1. 
:I. 
1. 
:I. 
I. 
I 
2 

3 
.3 
3 
4 
4 
4 
4 
4 
4 
4 
2 
:I. 
L 
2 

2 
2 
:I. 
:I. 
:I. 
1. 
2 
:I. 
S. 
1. 

'.) 
rl.. 

.... 

,- 

' 3  
A'.. 

ME: AN Ei IJ A I? E 
ERR ( M l \ Y R )  * *2  

2 El 3 + 4 
1.3 8 8 * 2 

1.5 0 t 7 
58 2 

6 2 
73 * 3 
13 0 
b * 9  
1. 1 
0 , 5 
0 * 83 

I. Y O 8  * 0 
0 * 2 
0 + 2 

39 t 3 
:1 8 * 0 

:I. * 0 
22 2 

24!3El * 7 
87 + 0 

I. 4 2 + 2 
3 :L t 5 

4 6 
0 * 0 
4 * :l 

0 + 0 
5 Y * 6 

0 + 4 
3 * '7 
0 3 

:I. 0 * b 
2 0 + 6 
3. 9 + :I. 

47  4 7 7 
:I. + 3 
0,4 
0 4 3 
0 t 6 

6 6 + t3 
2 + 8 
0 + 5 
7*5 

:I. 3 Q :.! 

N U  M C1 F: 
!ii A M I-' L. E: s 

:I. 7 
9 

:to 
9 
8 
9 

I. 2 
1. 2 
1. 2 
:I. 2 

Y 
:I. 2 
I 2 
:I 2 
:I. 1 
.I. L 

:I. 6 3 
6 

I. 1. 
:I. 2 

L I .  1. 
I. 2 
1.2 
12 
:I. 2 
:l 2 
1. 2 
:I. 2 
I. 2 
:I. 2 
.I. 2 
:t 2 
:I. 2 
:t 2 
z J 
1. 2 
1. 2 
:I. 2 
:I. 1. 
:I. 2 
I. 2 
s :! 
I. 1 

. ,. 

,.. . 

. .. 
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CHLORIDE i Y 7 S  

'TI? :I: B 1.1 'J A R Y I...AKE I? I VER L O A D  
NAME: BAEi I N CiriOlJF M 'r \ YR 

CINTA 
C) N T n 
ONTA 
M :I: I: H 
M :c [: 1-1 
N1C:E-t 
M I C H  
M I C 1.1 
M I C H  
M I Cl.i 
M 11: C: ti 
M : f C t I  
M :I: c: ti 
H 3: i:: t i  
M:EC:ti 
H :E c t t  
M:CCti 
MIC:ti 
M I c t i  
M :I: C hi 
N :[ C H 
M 3: CH 
i"f :I: I:: 1.1 

1 
2 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
2 
2 
2 
3 
3 

4 
4 
4 
4 
4 
4 
1 
1 
1 
1 
1 
1 
2 
2 
1 
2 
2 
1. 
1 
1 
2 
2 
2 
1 
1 
1 
1 

7 s 

12Y81Y . 1 
1057788 0 

7548 4 
4834 . I:r 
2798 * 0 
2481 + 3 
1599+6 
978.3 

3214t7 
2130+3 
6227 + 0 
LS 7 y . Fj 

5l168 + l 
13734'3 

8 5 yJ * '3 
J779. 2 
7066 * 7 

14558 + 7 
10336.1 
3923 4 0 

78264 + 8 
60226 t 6 

l 7 1 4'70 * 2 
46548 6 0 

163375 4 4 
937.5 

1848 + 2 
407l 3 

1051 1 5 
5 . $1 

27.2 
1 7 + 9  

316+0 
116t4 

2784 '3 
668 + 0 

2514*9 
32 15 -1 
3084 * 3 

675 4 3 
,I) .? .? . ... 4 5 

1 2 5 Y . S  
105102 

2 9 !5 1 3 9 8 
4434. €1 
5529,Q 
5475 * 4 
2973 . Y 
621h 4 J 

891 

746JW992 + 0 
:I 25488440132 0 

X?397:1 2 + 0 
289 1 9 0. !3 

2527699 0 
93326 . (3 
221301 4 8 

3339 . t3 
299902 4 2 
4 1 09 4 3 + 3 
677186*8 
75777. h 

8983847 . 0 
21924 1 
2758 4 0 

:1.8.l095 6 5 
420774 . Y 

243l6064 + 0 
340c)7:37 4 0 

10212406 4 0 
10815333. + O  

5254480 0 
4 1 "00:1.28 0 

5 l07921 0 
1578951'32tO 

23635  + 2 
4459 * :t 

2Cr'OYO + 3 
473~5482 + 0 

2 4 2 
5+6 

38 3 
1. 1 . 5 

803 6 
476 + 13 

457560 8 
14388  0 

166328 + 7 
462024 3 
1:; ,:) ''7 ( c .. *_ I ,3i0 * 5 

II' P) r" ( 
.JL.:J ? 4 6 

26:[71 5 5  
&!.$I343 + 6 
4323 2 . 0 

1.778453504 0 
48443(? . 4 
:1.07080 * 9 
82691 + 4 
795724 3. 
:1 1.5453 4 (? 

NUM OF 
!.i A MP L. E S 

3 3 
16 
l h  
9 
8 
9 

:1. 2 
2 2 

8 
3. 1 
:f. 2 
I. I. 
2 4 
:I. 2 
:t 2 
1 2 
:I. 1 
1. 6 
48 
24 
8 

L 2 
7 

21 
3 
6 

2 3 
2 ;'3 
11 
1 1. 
1. 1 
:I I. 
1 11 
:I 1 
2 Y 
3 0 
3 0 
3 0 
3 0 
2'3 
2 6 
2 8 
2 7 
4 8 
41  
1. 5 
l 5 
:I. z 
2 5 

,. ,. 

'7 ' 7  *'.. L. 
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C W L, OR :C DE I 9 75 

.I' Fi' :I: E u .r A F< Y LAKE: R I V E R  
NAME BASIN GROUP 

3 
3 

9925 + 6 
ll00+4 
25467 + Y 
131.9 
811+8 

2357 t 4 
551+8 
so0 t 0 
638 + 8 
331 +8 
267 + 5 
8Yt1 

208 + 4 
358 t 4 
336 + 5 
376 + 0 

206'9 6 
605 9 
223.4 
165.0 
427 * 0 
120892 
167014 
723 + El 

2036 9 
1361+7 
3687 t 3 

67+9 
846 + 8 
781 + 1 
463 + 6 
1 2 5 + 2 
981.8 

21243.0 
50 7 

132*9  
606 t 2 

273017+6 
19525 0 
46845 + 6 
12711,O 
4'7 1 5 * 2 
27342 0 

1 10Yh4 . 3 
21672.0 
10224.7 

807s * 0 
17724t5 
28599 * 9 

MEAN SQIJAWE 
ERR ( M T \ Y I I  ) 552 

98168 e 8 
12220 0 

:t 6585 15 * 0 
1YYYt3 
8876 2 

6252352 0 
488053 0 
1.8 7 7 2 ;3 
20432 t 8 

7798 9 
4920 * 3 

37 1 7  t 0 
7 0 4 1  + 2 
14228 t '? 
:11418+2 

1 t::.r:r?*?y + 0 
25796 + 2 
4828 t 8 
4384 * 0 
7737 0 

618017t0 
51 360 + 1 
64400 t 7 
l31977 t 3 
20632' 3 

236698 t 9 
1 2 y 

3.1895 * 8 
4:1. 78 * 4 
7620 Y 
234 . Y 

26438 t Y 
527'3860 + 0 

I 2 3  * 8 
490 t r3 

4431 .8 
447 j.!5040 t 0 

59l27. 3 
17594064 D 0 

5 7 :I. 2 7 0 3 
22181Y8,O 
:1.6296Y6 0 

49 726080 * 0 
5922732.0 
175940t7 

3652481 * 0 
474'33441 0 
:L 027752 t 9 

7 1 ~ ~ 9  

.J.Jd.. h 

NIJM OF' s A M PL E s 

:L 4 
19 
l 2  
16 
11 
10 
12 
3 l 
3 1. 
31 
3 1 
:3 1 
;3 1 
3 1 
30 
3 1 
31 
3 l 
31 
J 1 
30 
23  
2 7 
1 5 
1 5  
14 
27 
2 8 
3 0 
3 0 
3 0 
30 
30 
26 
30 
28 

2 6 2 
281 
' 3  7) 7 
3Y9 
43 
42 
45 
41 
4 :I. 
8 

7 

26 

A'.. 

lz ..f 
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+ 
0 3 
Q 4 
> 5 
* 6 
J 7 
0 8 
> 5, 
+ 1. 0 
* I, 1. . 12 
4 :I 3 
* :I. 4 
4 15 
* 16 

l 7 
J j. El 
r) 1. 9 
i 2 0 
c 2 :I. 

0 4.. .3 
* 2 4 

, .'') (t, 

Y ... '? 7 
c 2 8 
c 2 
t 3 0 

31 
* 3 2 

33 
6 J 4 
4 3 5 
3 3 6 

3 7 
4 3 El 
* 3 9 
Q 40 
4 41 
.- 42 
6 43 
c 44 

4 5 
t .ob 
.- 47 

48 
4 4 9  
r) 50 

5 1 
J 5 2 
4 53 
4 54 

> 

Q 

1) 

* 
> 

r) 

4 

+ 
Q 

i 

> 

> 

D 

c 

+ 

I 

.-> ':> 
q .. D *'" L. 

q c' 
i .L ..I 

Y i. 

.) 

D 

+ 
* 
+ 

. 
* 
d 

* 

Q 

4 

6 

+ 
4 

6 

4 

+ 
+ 
4 

* 

4 

9 

4 

c' c CJ \.I 
* 4 

CIN'T'A 
ONYA 
M :I: C: H 
M :I: c t i  
M I  C I i  
M :r c 1.1 
M 1: c: li 
M I  C l i  
M%CH 
M I  Ctl 
PI I CE.1 
IY :E c t I  
M :c I:: [..I 
M I C t I  
M :I: C: H 
M I C t i  
MICtI 
M I c 1-1 
M I cn  
PI 1 c:ii 
M I C H  
MICCI 
M I c t.1 
M I C t i  
MXCH 
tI 1J I? 0 

t i U R 0  
HlIRU 
1-1 IJ R e1 

t i  1.1 r i  0 

C H L O R I D E  i974 

1 
1 
1 
1 
1 
2 
1 
2 
2 
2 
2 
1 
2 3 

3 
3 
3 
I 
1 
1 I 

1 1 

I. 
1 
2 
1. 

2 
2 
2 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
1 
1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 

14350 + 9 
211*5 
486 0 
1556.- 1 
364*1 
1622*2 
1120*1 
817*5 
1293+4 
1763+9 
3380 8 

12'33584 6 
1385606 + 0 

8605 + 5 
7y348 * 1 
41O840 
3308 * 1 
748 * 0 

3966 + 0 
1748+2 
6345 9 5) 
1 x 7  + 1. 
55742 * 3 
1731. .( 6 
1574 * 0 
7270 4 4 
7231 * 4 
18297.1. 
10834 2 
6665 + 6 

86846 4 1. 

149Y24+3 
46235 + 1. 
85695 9 
1#92+'j, 
2176 9 
3929 t 0 
1118*6 
SO90 + 1 
4300 + 9 
6033 + S 
3797 * 3 

320889 4 6 
6473 7 
7326 7 
10046 7 
1068+8 

97017* I 

465 7 
16 + 5 
21,J" 
29*8 
261 2 

147 356 + (3 
218*5 

MEAN SCJUARE 
E : R R ( M I \ Y R ) * * 2  

7773813 0 
17446 

12652+(5 
104954+3 
4348 * Y 
27081 8 
74107+9 
';'l386 + 5 
68409 + 9 
14717+6 
183502 2 

230125696 + 0 
1 lO6386V44O + 0 

281966 + 7 
375263 + 0 
131.c371+8 
49047 7 
'3409 + 5 

642851 9 

i 089 5 :I. 3 + 0 
344114 

16032160 + 0 
43073 * 'I' 
46h3 * 5 

1044872 P 3 - '>()820:.; 7 
:L O Y I  5365 + 0 
1097349 0 
1496772 0 
8585668 + 0 
l5914057+0 
17930864 + 0 
t33l.9055 0 

110266640*0 
1 2 5 3 7 + :I. 
9440 4 '3 . 5 "7 1:: 1 -7 4 

98232 4 4 
2 8 0 1 5 ct 3 * 0 
87940 .- 0 
48825 + 0 

10493015 + 0 
0 

80014+5 
846l026 0 

96088 t (5 
42235 8 
14694 0 

20 + 3 
20 4 0 
26 t 4 
l6+6 

1575. 0 
:I. 4 3 3 :t 

322458 4 

/..J 

1 Y 4 1606 144 

NUM OF' 
SAMPI. - E Y C j  " 3  

:I 9 
1 1  
2 3 
24 

7 
24 
1. 2 
l a 
12 
1 2 
24 

1. 3 
10 
9 
9 
'3 

24 
4 

1.2 
:L 2 
9 
24 
:I. 2 
12 
l i  
I. 2 
1 2 
7 2 
6 

1 l 
2 3 

2 1 2 
24 
2 3 
12 
1 2 
24 
I. 2 
2.4 
1. 2 
24  
:1 1 
33 
25 
1 2 
12 
I 2 
11 
43 
43 
4 3 
43 
43 
4 3 

*.)E: L. r.l 



TOTAL.. N I T R O G E N 1 9 7 5  

1 
+ 2 t 

4 3 
3 4 

9 6 
7 

, 8 
t Y 
* 1. 0 

:I. 2 
t 1 3 
t 1. 4 

l 5 
, '1. 6 
t :17 
Y 18 

1 9 
t 2 0 
0 2 1 

9 i. '.) * '3 
4 2 4 

t 26 
4 '? ... 7 
Y 2 €3 
> '.) ' j ,  

> 3 0 
E 3 I. 
> 32 

J 3 
3 4 

t 3 5 
<. 3 b 
+ 3 7 

3 t3 
* 3 P 
+ 4 0 

4 1. 
+ 4 2 
+ 4 3 

4 4 
Y 4 5 
0 4 6  
+ 47  
t 48 

3 

> 

0 

* 1: 

t 

> 

4 ..I 

Y 

> 

* 
.1 E :I. 1 
+ 
4 

t 

> 

3 

V 

i. 

t 

> '? >? *.. *.. 
> 

> 

, ,') 1:: 
t d- r.) 

.a i. 

4 

4 

> 

3 

+ 
.) 

, 
+ 
3 

Y . 
3 

> 

d 

t 

V 

+ t 

L.AKE: RI UE:R 
B A S I N  GROUP 

1 
2 
3 
3 
3 
3 
3 
1 
1 
i 
i 
1 
1 
1 
1 
1 
1 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
2 
2 
2 
z 

2 
1 
l 
1 
1 
:L 
1 
1 
1 
1 
1 
1 

P )  L. 

L.OASl 
MT\YR 

4838 + 6 
8375 + 2 
2228 + 6 
1435.0 

802+ 1 
1023+9 
591+0 
196+5 
l645+5 
595 ~ 2 
1403 + 13 
157+1 

46?8 + 2 
211+6 
1l7+9 
408 8 
59" + 4 
123518 
212,;: 
5.33 2) 
7745) + 4 
746 + 3 

3828 4 8 
1 I 0 5 2 + $3 
1550 + 6 

5 6 + 2  
1198,l 
128*3 
152 t 4 
1104 c 11. 
549 E; 
489 + 8 
178,6 
17Yi-4 
486 0 
29 2 + 8 
1087o8 
2468 + 3 
11?* 1 
374 8 
642 t 7 
196+1. 
153+7 
229 + 6 
127 t 0 
107vl 
24 * 3 
75,Y 

MEAN SQUARE 
ERk(MT\YR)**2 

26953 + 3 
4 5 :L '38 + (3 

9 Y Q 1 Y 6  t 9 
1%531+ 1 
7992t4 
1Y807+3 

4 7 5 * 2  
29 * 3  

23043 + 9 
1368 + 9 
18779 + 2 
152+9 

156860 + l 
2 4 1 + 6  
456 0 
814 + 0 

91Y4+0 
2322 1 + 7 
506 + h 

1 8 3  7 * 8 
484385 * 4 
23094 ~ 2 
1 8 6 1 Y + r3 

l554260 + 0 
:I. 121 2 7 
373 2 

3832 2 
1018+9 
254.1 
8063 + 13 
:L 88 1 * J 

852 + 6 
786 2 

2536 4 9 
3t304 + 6 
:1367 + 2 

33.722 8 

3 2 1  4 7 
5423 + 8 
39505 + 8 

1.550 t 8 
151?*8 
1 yfj;? () 

689 + 4 
5 4 0 e 5 

4 9 + 9  
534 4 7 

26245 + (9 

NlJM OF.- 
SAMPLES 

3 I. 
3. 7 
12 
9 
8 
9 
12 
22 
12 
9 
9 
9 
19 

'3 
9 
10 
Y 

1. 8 
3 
5 
8 
3 

22 
7 

2 2 
3 

21 
3 
6 

d- .5 
23 
27 
1 2 
1s 
15 
15 
27 
4 
14 
1 :3 
1 2 
I. 2 
30 
3 0 
3 0 
29 
3 0 
30 

C )  .. 

148 



. 
+ 
+ V 

t 
Q 
4 * 
9 

Y 

Q 

I 
t 

> 4 

Q 9 

t . 
> 
t 

0 
4 

I . 
> . 
, 
Y 

V , 
u 
.) i. 

* 
9 

Q V 

> 5 

* 
V 

* t 

9 

.) 
9 

9 

:? 

+ E 

> * 
> 

Q * 
Q 
9 

+ * 
9 * 
+ . 
t + 
b V 

9 Y 

t 3 

t + 
9 * 
Y 

t * 

1 
I 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
1 
3. 
2 
1. 
2 
2 
1 
2 
2 
2 
1 
1 
x 
2 
2 
2 
2 
2 
2 
3 
3 
3 
4 
1 
1 
1 

' 3  
d.. 

77*4 
7310 
15219 
755 1 6 
21110 
73.7 
4 6 * 7  
197*8 
32s 2 
4516 
ii7.5 
7 9  + 6 
20 * 2 
6618 

1 1 2 + 4  
28 * 5 
105 t 8 
17710 
527 9 
336 t 6 

688 t 5 
250 Y 
580 .. 4 

yz j 
636 + 2 
74tl 
147*8 
492*8  

:L13542 + 0 
846 v 8 
102+6 
1 29 * 6 
154*4 
17216 

47'70745 
3245 1 0 
6886 + Y. 1-730 5 

8b8 t 0 
8299 1 6 
4835 1 ? 

972 * 2 
1.763*7 
1089 + 8 
579*0 

12:13 + 6 

NUM OF: 
s n M PL.. E:: s 

30 
3 0 
3 0 
30 
3 0 
30 
3 0 
3 0 
1 3 
'-) '9 
3 0 
30 
2 (9 
3 0 
2 h 
30 
28 
26 
:I. 5 
j. 5 
1 2 
2 5 
I. 4 
1 E; 
30 
3 0 
2 y 
30 
30 
3 0 
44 
30 
29 
2 6 
2 8 
2 7 

2 6 2 
2 t 3  1 
277 
39Y 

4 3 
.4 2 
45 
4 1. 
41 
8 
5 
7 

L.. 
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t 
t 4 

E 
t 
t 

Q 

+ + 
E 
t 

> 
E 

E 

4 

> 

0 E 

.I * 
E 

Y > 

* 
E 

+ E 

+ . t 

; 

> * 
ir 
4 

+ 
t 

i 
Y 

E 
> 

c 

Y 

* * 
J 

E 

I 4 

E 

.i 

Y 

E 
> + 
> 

J 

t t 

E Y 

* 

!:IN 'I' A 
[:"A 
M :I: c: I4 
M I: I:: 1-1 
M I c: 1-1 
M I: c: I4 
M 1: c: I.1 
Iy I c: t i  
M 1.' c: l"I 
M I CI-l 
M :E c: t i  
M 1: GI-i 
M :i C: t.1 
I"i :1: I:: I-l 
i7 I CIi 
M I c 1.1 
M :I: c: t.1 
Pi I I:: 1-1 
M I c: 1-1 
M :I: c; I I  
M :I: c: t i  
M I 0: 1.i 
M C: t.1 
M :I: c: t.1 
M 1: I:: I.1 
tJUR(3 
t.1 IJ Fi (3 
1.i 1.1 I? I:) 
1.i U I:; C) 

R VE:'F( 
GROUP 

1 
1 
1 
1 
2 

1 
2 
2 
2 
1 
2 
3 
3 
3 
3 
1 
1. 
1 
:t 
I. 
1 
1 
1 
1 
1 
2 
2 

3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
1, 
1. 
1. 

1 
2 
1. 
1 
1 

e) 
&. 

'.) .'- 

' 3  
L. 

LOA11 
MT\YR 

:L201* 5 
87.9 

339 .  9 
6 4 9 * 3 
74304 
467 e 4 
230 0 7 
154.9 
355 7 
214.7 

6871 + 1. 
12139.0 

3236 t 6 
1881,3 
7 'j, 7 + 8 
1.51.4 * 0 

248 + 2 
1578 * 8 
842 1 
1.713. 7 

I. 42 9 
461.4 4 
205 6 
1 '9 8 + 5 

7 9 2 * (5 
1 0 0 Y  * 6 
259 3 
El 1 1. * 2 

:I0040 + 0 
35 12 0 0 

:t 2 6 5 2 7 
2 1 22 8 
3. 13 3. * 5 
1 3 5 . 3 
221 t 6 

1 1 37 . 6 
107+7  
5 2 p '7 
381 0 6 
2 6 2 5 
"3 *:) "J 4 

:l.6730 t 9 
4 9 7 * 7  
867 + 4 
705 * E) 
114.3 
1.03 + 5 

643 . 5 

\. a".. 

NUM [:IF:' 
!j M F:' L E 5; 

3 
3 

1 5 
14 
2 4 
2 4 
12 
1. 2 
12 
1 2 
2 5 
13 
:I. 0 

Y 
7 
9 

2 4 
s. 2 
1. 2 
1.2 

8 
2 4 
s. 2 
1 2 
11 
12 
1 2 
40 
6 

:I. 1 
23 

.T '> 1 
2 3 

1.2 
1 2 
24 
:t 2 
2 4 
:t 2 
2 4 
1. 1 
3 :3 

1. 2 
1 2 
1 2 
1 1 

c -  

'? 
L" 

,.) CY 
i- .J 
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+ 
+ 
+ I 
0 2 
Q 3 
t a 
+ s 
t h 

7 ., 8 
* '? 

3. 0 
+ 3. 1 

1. 2 
:I. 3 

* 1. 4 
3. 5 
:f. 6 

J 1. 7 
t 1. E l  
J 19  

..? I) 

J 21  

* .... '? I. "I 
2 4 

J r! h 
r) '? .... 7 

2 8 
* ':> 5) 

3 0 
3 I. 
-3 ':) 
3 3 
3 4 

> 3 5 
36 

t 37 
* 3 t3 
E 3 9 
u 4 0 
* 4 1 
* 4 2 
V 4 3  

44 
> 45 

4 b 
+ 47  

48 

> 

+ 
3 c 

V 

* 
, 

> 

.$ 

n 

, 

3 

> 

* 1.. 

Q 

> J7 3 
> ... *. 
Y 

> 

> 8') 1: 
b i. ,.J 

.+ 

* .... 

t %. A" 

> 

E 

I 

E 

> 

J 

+ 
3 

3 

u 

* 
0 

+ . 

'T'R :c IC 1I 'T' n Fi' Y I...At<EZ RIUETt 
NAME':: E t A S I N  GROUF' 

1 
2 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
1 
2 
2 
2 
2 

2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1. 
1 
1 

9 
L 

L.OAD 
MT\YR 

498+9 
x193+2 

326 + 6 
145*0 
87+6 
97.2 

240 + 7 
79+9 

108143 
33+4 
73Y * 3 
14+3 
1017 

1 1 1 + 5  
41+6 
24Q 1 
31 +€I 
21+3 

389 p. 6 
3743 

250 4 6 
Y 85 + 3 
49 * 3  
3 + 8  

147+6 
6 + 4 

43*5 
9" + 9 

1 1 O * h  
2 1  + 7 
18+7 

4 * 2  
2 + 

2816 
132t8 
1.54.7 
285 + 0 
16+5 
6143 
85*1 
1 2 + 8  
1.0 * 2 
29.1 

849 
7 + 2 
2 + 5  
505 
5 + 6  

Y3845+ 1 
!58580 + 4 
10359.3 
11347 t 2 
2221+4 
18?9+5 
129047 

238 + 3 
67m9 + 9 

89 6 
15723 + 1 

:I. * :1 
015 

892+6  
1 1 4 6  

2642 + 2 
15*9 
27 + 0 

20120 + 4 
346 

3478 0 0 
34630 + 3 

84+4 
0 + 0 

712 7 
1c140 
Y + 9 

12Y +!5 
216+;3 
14+6 
49 4 3 
12+3 

1. + 1 
116+2 
767 + 0 
301.5+ :L 
718+8 
31 *(? 

1.737 + 1 
7644 5 

1 0 7 + 1  
7 + 3  

1 70 + 6 
"j5 
3*4 
0 + 8 
3 * 3 
2 + 5 

1 4  
8 

1 2 
9 
8 
9 

12 
12 
1 2 
3. 2 
12 
1 2 
12 
13 
12 
6 
47 
:L I 3  
8 
3 
10 
7 
10 
3 
Y 
3 
6 

1 3 
13 
1 2 
1. 5 
1.2 
1 5 
15 
1. 5 
15 

14 
12 
1 3 
12 
3 0 
30 
3 0 
2 '3 
30 
30 
:3 0 

E:' ..J 

151 



1
9

 
.w

 

z
 

.. 
iii 
ii 
z
 

Q
 

.-/ 
Y

 
.. 
... 
... 
- x
 

r
 

:
.
i
 

... 
- 

‘r 
Q

 
!:i 
i
 
- 

-
 

M
 
x z 

w
 
E
 

z
 

+
! 

.. 
... 
... 
- z it 

I
 r: 

“
I

 

<
 
3
 

Q
 
i
 

.. 
... 
- 

z
 

0
 

.-4
 

a
-
 

+
! 

i- 
s ij 

x 



AMMONIA N lY76 

:t 

4 3 
Q 4 
+ 5 
t 6 
* 7 
t 8 
t 9 
> 1 0  
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