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The r e s u l t s  o f  t h i s  s tudy  produced a number o f  impor t an t  f i n d i n g s  about 
p o l l u t i o n  from l a n d  use i n  t h e  Maumee River Basin and reemphasized what w e  
a l r e a d y  knew: 

1. The Basin i s  made up o f  f i n e - t e x t u r e d  s o i l s  o f  h igh  n a t u r a l  f e r t i l i t y  
which produce sediment du r ing  r u n o f f  i n  r e l a t i o n  t o  t h e i r  s l o p e ,  i n t e r n a l  
d ra inage  and s u s c e p t i b i l i t y  t o  sediment t r a n s p o r t .  

2 .  Most Of  t h e  Basin (-80%) i s  i n  i n t e n s i v e  row c rop  a g r i c u l t u r e  where,  
f o r  t h e  most p a r t ,  t h e  s o i l s  a r e  fa l l -plowed and b a r e  from November t o  June.  

3. Much o f  t h e  a g r i c u l t u r a l  l a n d  i s  d r a i n e d  by s u b s u r f a c e  t i l e  o r  
s u r f a c e  d r a i n s  and se rved  by a v a s t  network o f  man-made o r  modif ied d i t c h e s .  

4. The p e r i o d  o f  a c t i v e  sediment t r a n s p o r t  i s  i n  l a t e  Winter or e a r l y  
Spr ing  and t h e  s e v e r i t y  o f  e r o s i o n  and sediment t r a n s p o r t  i s  determined by 
s o i l  m o i s t u r e  and snow m e l t  c o n d i t i o n s  du r in?  i n i t i a l  thaw. 

5 .  Phosphorus i s  t h e  major p o l l u t a n t  from t h e  Maumee Rive r  Basin and 
t h e  h igh  phosphate  c o n t e n t  o f  suspended sediments  r e f l e c t s  t h e  high P l e v e l s  
i n  Bas in  s o i l s  and t h e  enrichment o f  P i n  sediment due t o  c lay enrichment 
du r ing  t r a n s p o r t  and a d s o r p t i m  o f  s o l u b l e  P i n  t h e  stream. 

6. Levels of  p e s t i c i d e s  and t r a c e  m e t a l s  i n  t h e  Maumee River were low 
and r e f l e c t  background l e v e l s  i n  Basin s o i l s  and normal m e t a l  c o n t r i b u t i o n s  from 
groundwater.  

2 ,  I I 4 P L I C A T I O i i S  FOR R E N L J I A L  W A S U R E S  AND RECOMME[.IDA'TIONS 
The e f f i c i e n c y  o f  a p a r t i c u l a r  remedial  measure,  "bes t  management p r a c t i c e "  

o r  c o n s e r v a t i o n  p r a c t i c e  i n  r educ ing  t h e  c o n t r i b u t i o n  o f  p o l l u t i o n  t o  t h e  Great 
Lakes from l a n d  r u n o f f  must b e  cons ide red  from a v a r i e t y  o f  v i ewpo in t s .  There 
i s  a f a i r l y  w e l l  developed body o f  knowledge r e g a r d i n g  t h e  r e d u c t i o n  i n  g r o s s  
e r o s i o n  which may be o b t a i n e d  through t h e  use  o f  a p a r t i c u l a r  p r a c t i c e .  Although 
t h e r e  i s  some u n c e r t a i n t y  among s c i e n t i s t s  a s  t o  t h e  a b s o l u t e  e f f i c i e n c y  o f  
t h e  d i f f e r e n t  p r a c t i c e s ,  t h e  "C", c ropp ing  management, and "P", e r o s i o n  c o n t r o l  
p r a c t i c e ,  f a c t o r s  o f  t h e  Un ive r sa l  S o i l  Loss  e q u a t i o n  which have been e x t e n s i v e l y  
compiled by t h e  Soil Conservat ion S e r v i c e ,  USDA,  can g i v e  an  e x c e l l e n t  i d e a  
o f  t h e  r e l a t i v e  e f f i c i e n c y  o f  t h e  d i f f e r e n t  combination o f  l a n d  management 
systems which can b e  used by farmers t o  reduce g r o s s  e r o s i o n .  

On t h e  o t h e r  hand, our knowledge o f  'now t h e s e  p r a c t i c e s  a l t e r  t h e  sediment-- 
and p o l l u t a n t  and n u t r i e n t - - d e l i v e r y  r a t i o  i s  s t i l l  s e r i o u s l y  l a c k i n g .  S e v e r a l  
s t u d i e s  have i n d i c a t e d  t h a t  t h e  d e l i v e r y  r a t i o ,  t h e  r a t i o  o f  g r o s s  e r o s i o n  t o  
sediment a c t u a l l y  d e l i v e r e d  t o  d ra inage  ways, i s  s i g n i f i c a n t l y  i n c r e a s e d  by 
t h e  a p p l i c a t i o n  o f  some management p r a c t i c e s .  This  i s  p r i m a r i l y  because some 
p r a c t i c e s  are  most e f f i c i e n t  i n  r educ ing  t h e  movement o f  r e l a t i v e l y  l a r g - r  
s i z e  s o i l  p a r t i c l e s .  The r e s u l t a n t ,  r u n o f f ,  en r i ched  w i t h  f i n e  p a r t i c l e s ,  can 
move much f u r t h e r  t h a n  t h e  l a r g e r  p a r t i c l e s .  I t  i s  also w e l l  known t h a t  t h e  
f i n e  p a r t i c l e  s i z e  f r a c t i o n  i s  t h e  f r a c t i o n  which c a r r i p s  with i t  most o f  
t h e  p a r t i c u l a t e  adsorbed b i o - a v a i l a b l e  phosphorus.  A s  a re :  111 t ari e r o s i o n  
c o n t r o l  p r a c t i c e ,  which i s  e f f i c i e n t  i n  r educ ing  gross erosion, may be q u i t e  
i n e f f i c i e n t  i n  r educ ing  d e l i v - r y  o f  phosphorus t o  t h e  Great Lakes. Considerably 
more r e s e a r c h  w i l l  b e  necessa ry  b e f o r e  i t  can be determined how e f f ' i c i e n t  a 
management p r a c t i c e  i s  i n  r educ ing  phosphorus l o a d i n g s  r e l a t i v e  t o  p ross  
e r o s i o n .  It must be borne i n  mind, though,  t h a t  a management p r a c t i c e  which 
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produces a 50% reduct i .on i n  g r o s s  e r o s i o n  w i l l  a l s o  produce a s i g n i f i c a n t  
r e d u c t i o n  i n  phosphorus l o a d i n g ,  probably  on t h e  o r d e r  o f  25 t o  bo%,  or 
50 t o  80% o f  t h e  r e d u c t i o n  i n  g r o s s  e r o s i o n .  

Another a s p e c t  o f  t h e  e f f e c t i v e n e s s  o f  BMP's i s  t h e  c o s t  p e r  un i t  area o f  
a p p l i c a t i o n  p e r  u n i t  of p o l l u t a n t  r e d u c t i o n .  The c o s t  must be a s s e s s e d  a g a i n s t  
t h e  p a r t i c u l a r  p o l l u t a n t  most impor tan t  t o  t h e  Great Lakes,  i . e .  phosphorus.  
The above d i s c u s s i o n  of p r a c t i c e  e f f i c i e n c y  a g a i n  becomes impor t an t .  Cons ider ,  
f o r  example, t h e  i n s t a l l a t i o n  o f  g r a s s e d  waterways. This  i s  a p r a c t i c e  des igned  
p r i m a r i l y  t o  abate g u l l y  e r o s i o n  i n  areas o f  concen t r a t ed  r u n o f f .  I n  g u l l y  
e r o s i o n  t h e  p r i n c i p a l  e rodan t  i s  deep ho r i zon  mater ia l  which i s  g e n e r a l l y  low 
i n  phosphorus which i s  cons ide red  t o  b e  b i o - a v a l l a b l e .  So, t h i s  p r a c t i c e  does 
l i t t l e  t o  reduce  phosphorus p o l l u t i o n  t o  t h e  Great Lakes. 
it i s  ex t remely  impor tan t  t o  t h e  f a rmer ,  because it p r e v e n t s  t h e  r u i n a t i o n  o f  
h i s  f i e l d s  by g u l l y  fo rma t ion .  

A t  t h e  same t i m e ,  

For a n o t h e r  example, cons ide r  t h e  i n s t a l l a t i o n  o f  p a r a l l e l  t e r r a c e s  wi th  
t i l e  o u t l e t s  (PTO's ) .  A PTO i n s t a l l a t i o n  c o n s i s t s  o f  a se r ies  o f  berms o f  s o i l  
c o n s t r u c t e d  a c r o s s  t h e  swale, r e l a t i v e l y  c l o s e r  t o g e t h e r  or f a r t h e r  apart 
depending on t h e  l e n g t h  and degree  o f  t h e  s l o p e  a c r o s s  which t h e y  are  c o n s t r u c t e d .  
A t i l e  l i n e  i s  l a i d  a long  t h e  bottom o f  t h e  swale beginning  j u s t  behind  t h e  
h i g h e s t  berm. Behind each berm a v e r t i c a l  t i l e  i s  connected t o  t h e  main t i l e  
and ex tend ing  t o  t h e  h e i g h t  o f  t h e  berm above ground l e v e l .  The v e r t i c a l  t i l e  
i s  p e r f o r a t e d  s o  t h a t  water may e n t e r  it and f low through a c o n t r o l  o r i f i c e  
i n t o  t h e  ma in  t i l e  t o  a drainageway a t  t h e  bottom o f  t h e  s l o p e .  The PTC s e r v e s  
t h e  same f u n c t i o n  as t h e  g r a s s e d  waterway i n  e l i m i n a t i n g  g u l l y  e r o s i o n ,  b u t  it 
serves a f u n c t i o n  which t h e  g r a s s e d  waterway cannot .  Because f low i s  r e s t r i c t e d  
a t  t h e  v e r t i c a l  t i l e  o u t l e t ,  water i s  ponded behind t h e  berm and phosphorus- 
b e a r i n g  sediment  can be s e t t l e d  o u t .  The g r a s s e d  waterway cannot  perform t h i s  
f u n c t i o n .  

The i n i t i a l  c o s t  o f  t h e  PTO i s  h ighe r  t h a n  t h e  g r a s s e d  watervay,  b u t  i n  
t h e  long-term may c o s t  l e s s .  Maintenance c o s t s  may be  less f o r  t h e  PTO. More 
i m p o r t a n t l y ,  ve ry  l i t t l e  l a n d  i s  t a k e n  o u t  o f  product ion--only about  50 squa re  
fee t  around t h e  v e r t i c a l  t i l e ,  wh i l e  t h e  e n t i r e  l e n g t h  o f  t h e  waterway i s  o u t  
o f  p roduc t ion .  Also ,  e s p e c i a l l y  impor tan t  t o  contour  plowing,  t h e r e  i s  no 
o b s t a c l e  t o  cont inuous  o p e r a t i o n  o f  machinery a c r o s s  t h e  s l o p e .  

Another management p r a c t i c e  which may be  o f  g r e a t  importance t o  d i f f u s e  
sou rce  p o l l u t i o n  c o n t r o l ,  b u t  which has  p r e v i o u s l y  been cons ide red  on ly  as a 
p roduc t ion  enhancement p r a c t i c e ,  i s  t h e  i n s t a l l a t i o n  o f  underground t i l e  
d ra inage .  The P i l o t  Watershed S t u d i e s  undertaken i n  t h e  Maumee and Por t age  
River  b a s i n s  have shown evidence  t h a t  i n  areas o f  f l a t ,  poor ly  d ra ined  s o i l  
sediment  and n u t r i e n t  y i e l d s  may be reduced s i g n i f i c a n t l y  by t h e  S n s t a l l a t i o n  
o f  t i l e  d ra inage .  F u r t h e r ,  t i l e  d ra inage  reduces  moi s tu re  l e v e l s  i n  i m p e r f e c t l y  
d r a i n e d  s o i l s  and improves t h e  moi s tu re  r e t e n t i o n  c a p a c i t y  of  t h e  s o i l .  This  
f a c t o r  w i l l  cause a t t e n u a t i o n  of  r u n o f f  du r ing  s torms .  Peak v e l o c i t i e s  t h a t  
c a u s t  streambank e r o s i o n  should a l s o  be reduced.  Another f a c t o r  f o r  t h e  use 
of t i l e  i s  t h e  f a c t  t h a t  t h e  n o - t i l l a g e  c rop  management s y s t e m  may be  employed 
on a g r e a t l y  en la rged  l i s t  o f  s o i l  t y p e s  when t i l e  d ra inage  i s  employed. 

Also,  t h e  i n c r e a s e d  p roduc t ion  ob ta ined  through t h e  use  o f  t i l e  w i l l  
o f f s e t  many o f  t h e  c o s t s  o f  o t h e r  conse rva t ion  p r a c t i c e s  which must be employed. 
While it i s  t o o  e a r l y  t o  assess how much o f  an impact t i l e  d ra inage  may have on 
d i f f u s e  sou rce  p o l l u t i o n  r e d u c t i o n ,  it i s  becoming ev iden t  t h a t  it w i l l  be  an 
impor tan t  BMP f o r  p o o r l y  d ra ined  h igh  c l a y  watersheds .  A low l e v e l  o f  c o s t  
s h a r i n g  should  be s u f f i c i e n t  t o  i n c r e a s e  t h e  i n s t a l l a t i o n  o f  t i l e .  



- 3- 

2 . 1  Watershed recommendations 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

a .  

9 .  

P o i n t  sou rce  r e d u c t i o n  of  P shou ld  con t inue  t o  be pursued ,  e s p e c i a l l y  
f o r  Toledo because  o f  i t s  h igh  d e l i v e r y  t o  t h e  Western Bas in  o f  -Erie. 

Heavy metals and p e s t i c i d e s  are not  a problem a t  t h e  p r e s e n t  t i m e ,  b u t  
p e s t i c i d e s  i n  w a t e r  and sediment  should be p e r i o d i c a l l y  scanned t o  
i d e n t i f y  any new compounds or o t h e r  t o x i c  o r g a n i c s  which may come on t h e  
s c e n e  i n  t h e  f u t u r e .  

Conserva t ion  p r a c t i c e s  should  be a c c e l e r a t e d  t o  reduce  e r o s i o n  on t h e  
c u l t i v a t e d  s l o p i n g  s o i l s  o f  t h e  Bas in .  These i n c l u d e  t h e  Morley s o i l s  w i t h  
C s l o p e s  or b e t t e r  i n  t h e  till p l a i n  r e g i o n s  of  t h e  Basin and t,he Roselms 
s o i l s  w i t h  B s l o p e s  i n  t h e  l a k e  p l a i n  r e g i o n .  

Maximum sediment  l o a d  occur s  i n  t h e  p e r i o d  January  - March, and ,  t h e r e f o r e ,  
c o n s e r v a t i o n  p r a c t i c e s  should  maximize r e s i d u e  cover  du r ing  t h a t  p e r i o d .  
N o - t i l l  should  be recommended on t h e  wel l -dra ined  Vorley s o i l s  and c h i s e l  
plow on t h e  Roselms. 

Gul ly  e r o s i o n  i s  common on t h e  d i s s e c t e d  upland s o i l  a s s o c i a t i o n s  such 
as Morley-Blount and Roselms. Grassed waterways w i t h  o r  wi thout  t i l e  
d ra inage  i s  recommended for t h e s e  c r i t i c a l  areas. 

Grass b u f f e r  s t r i p s  between f i e l d  boundarys and d ra inage  d i t c h e s  a r e  
recommended i n  t h e  Maumee becuase of t h e  l a r g e  network o f  d ra inage  
d i t c h e s  i n  t h e  Bas in .  Th i s  recommendation i s  e s p e c i a l l y  impor tan t  i n  
t h e  l a k e  p l a i n  r e g i o n  where d i t c h e s  are more numerous and t h e  s o i l s  a r e  
h igh  i n  c l a y .  

Reduced t i l l a g e  can n o t  be j u s t i f i a b l y  recornmended on t h e  l e v e l  ( A  s l o p e )  
s o i l s  o f  t h e  Bas in  because o f  t h e i r  low s o i l  l o s s  and t h e  c rop  manage- 
ment d i f f i c u l t i e s  a s s o c i a t e d  w i t h  reduced t i l l a g e  on t h e s e  s o i l s .  How- 
ever ,  subsu r face  ( t i l e )  d ra inage  appea r s  t o  reduce  runof f  and s o i l  l o s s  
on t h e s e  s o i l s  i n  a d d i t i o n  t o  improving c rop  p roduc t ion .  The re fo re ,  
a c c e l e r a t e d  t i l e  d ra inage  i n s t a l l a t i o n  i s  recommended on t h e  l e v e l ,  
poor ly  d r a i n e d  s o i l s  o f  t h e  Bas in .  

The Pauld ing  s o i l  i s  very  h igh  i n  c l a y  and posses ses  low h y d r a u l i c  
c o n d u c t i v i t y ;  as a r e s u l t ,  t i l e  d ra inage  i s  no t  recornmended on t h i s  
s o i l .  F u r t h e r  r e s e a r c h  i s  needed t o  deve lop  a c c e p t a b l e  c rop  management 
( i n c l u d i n g  d r a i n a g e )  p r a c t i c e s  which w i l l  ma in ta in  c rop  p r o d u c t i v i t y  and 
reduce  s o i l  l o s s  and t r a n s p o r t .  

S o i l s  i n  t h e  Maumee are h igh  i n  c l a y ,  r e l a t i v e l y  h igh  i n  t o t a l  P ,  and 
because o f  i t s  h igh  c l a y  c o n t e n t ,  t h e  suspended sediment  i s  en r i ched  
i n  t o t a l  P. P l a n t  a v a i l a b l e  P l e v e l s  i n  watershed  s o i l s  a re  g e n e r a l l y  
adequate  f o r  maximum c rop  p roduc t ion .  Educat iona l  programs shou:Ld s t ress  
t h e  importance o f  fo l lowing  s o i l  t e s t  recommendations, and s o i l  f e r t i l i t y  
r e s e a r c h  i s  needed t o  be t t e r  d e f i n e  s u f f i c i e n c y  1evel.s of a .va i l ab le  P 
i n  s o i l .  

2 . 2  General  recommendations 

1. P o i n t  sou rce  phosphorus r e d u c t i o n s  must be con t inued  w i t h  emphasis on 
t h o s e  d i s c h a r g e s  which are on t h e  l a k e  sho re  and on main s t e m  t r i b u t a r i e s .  



2. S o i l  l o s s  r e d u c t i o n s  from i n t e n s i v e l y  c u l t i v a t e d  c ropland  should  be  
a c c e l e r a t e d  wi th  emphasis on t h e  medium and f i n e  t e x t u r e d  s o i l s  on 
s l o p i n g  l a n d .  The c r i t i c a l  a r e a  concept  should  be  on a s o i l  t ype  b a s i s ,  
u t i l i z i n g  bo th  e r o d i b i l i t y  (USLE "k" f a c t o r )  and t r a n s p o r t a b i l i t y  ( p e r c e n t  
c l a y )  as de te rminan t s .  

3 .  Cropland e r o s i o n  c o n t r o l  should  b e  geared  t o  t h e  p e r i o d  ( s e a s o n )  o f  
maximum e r o s i o n  and t r a n s p o r t .  
p e r i o d  i s  from January  through A p r i l .  Residue management t o  keep t h e  
s o i l  i n  p l a c e  i s  l i k e l y  t o  be more e f f e c t i v e  t h a n  measures t o  reduce  
sediment t r a n s p o r t ,  e s p e c i a l l y  on t h e  f i n e r  s o i l s .  

I n  much of t h e  Great Lakes r eg ion  t h i s  

4 .  Phosphorus f e r t i l i z e r  and manure management should  more a c c u r a t e l y  
r e f l e c t  c rop  requi rements  and s o i l  t e s t  l e v e l s .  Summaries of s o i l  t e s t  
r e s u l t s  should  be  used t o  monitor  s o i l  a v a i l a b l e  l e v e l s  i n  r eg ions  of 
i n t e n s i v e  c u l t i v a t i o n .  

5 .  Modeling should proceed t o  determine t h e  degree o f  s o l u b l e ,  a v a i l a b l e  
and t o t a l  P r educ t ion  t h a t  might be a t t a i n e d  pe r  u n i t  of sediment r e d u c t i o n .  

6. A t r i b u t a r y  mqni tor ing  program should be developed t o  p e r i o d i c a l l y  scan 
water  and sediment f o r  t o x i c  chemical d i scha rges .  

3, II.ITRODUCTIOi4 
The Maumee River  w a s  chosen by PLUARG t o  be one of t h r e e  p i l o t  water- 

sheds t o  be  s t u d i e d  on t h e  U .  s. s i d e  o f  t h e  Great  Lakes dra inage  b a s i n  as 
p a r t  of  Task C - p i l o t  watershed  s t u d i e s .  S ince  t h e r e  w a s  a l r e a d y  an  ongoing 
PL-92-500 Sec .  108 demonst ra t ion  p r o j e c t  i n  Black Creek b a s i n ,  an  Ind iana  
t r i b u t a r y  t o  t h e  Maumee, t h e  Task C p r o j e c t  w a s  d i r e c t e d  t o  t h e  Ohio p o r t i o n  
of t h e  Maumee t o  supplement t h e  work be ing  done i n  Black Creek. 

The o b j e c t i v e s  of PLUARG a r e  t o  determine t h e  e f f e c t s  of  p r e v a i l i n g  
l and  use p r a c t i c e s  on p o l l u t i o n  e n t e r i n g  t h e  Great Lakes.  S p e c i f i c a l l y ,  
t h e  PLUARG Task C o b j e c t i v e s  are t o  answer t h e  fo l lowing  q u e s t i o n s :  

1. From what sou rces  and from what causes  (under  what c o n d i t i o n s ,  
management p r a c t i c e s )  are p o l l u t a n t s  c o n t r i b u t e d  t o  s u r f a c e  and 
ground water? 

2. What i s  t h e  e x t e n t  of p o l l u t a n t  c o n t r i b u t i o n s  and what a r e  t h e  u n i t  
area load ings  by season from a g iven  l and  use  or p r a c t i c e  t o  s u r f a c e  
or ground water? 

3. To what degree a r e  p o l l u t a n t s  t r a n s m i t t e d  from sources  t o  boundary 
waters? 

4. A r e  remedia l  measures r e q u i r e d ?  What a r e  t h e y  and how e f f e c t i v e  
might t h e y  be? 

5 .  Were d e f i c i e n c i e s  i n  technology i d e n t i f i e d ?  I f  s o ,  what i s  recommended. 



-5- 

A s  w e  w i l l  see l a t e r ,  t h e  Maumee Rive r  Bas in  i s  p r i m a r i l y  a g r i c u l t u r a l  
i n  l a n d  use ,  and s t u d i e s  by t h e  U .  S .  Army Corps o f  Engineers  (1975) and t h e  
Great Lakes Bas in  Commission (1978) have i n d i c a t e d  t h a t  d i f f u s e  sou rces  
account  f o r  about  75% o f  t h e  phosphorus and n i t r o g e n  e n t e r i n g  Lake E r i e  
from t h e  Maumee. Because o f  t h e  p rev ious  moni tor ing  e f f o r t s  on t h e  Maumee 
by t h e  Corps of  Eng inee r s ,  it w a s  dec ided  t o  p l a c e  emphasis i n  t h e  Task 
C p r o j e c t  on s o i l  and n u t r i e n t  l o s s  from small a g r i c u l t u r a l  watersheds  and 
on s p e c i a l i z e d  s t u d i e s  on sediment  t r a n s p o r t .  

S p e c i f i c  o b j e c t i v e s  o f  t h i s  s tudy  are: 

1. To de termine  t h e  e f f e c t s  o f  l a n d  use  p r a c t i c e s  on t h e  loss  o f  
sediment  and a s s o c i a t e d  chemica ls  from r e p r e s e n t a t i v e  s m a l l  
a g r i c u l t u r a l  watersheds  i n  t h e  Bas in  and t o  compare t h e s e  data 
w i t h  downstream r e f e r e n c e  samples. 

2 .  To s tudy  and de termine  t h e  p h y s i c a l ,  chemical  and m i n e r a l o g i c a l  
p r o p e r t i e s  o f  major  s o i l s  i n  t h e  Basin and re la te  t h e s e  d a t a  t o  
t h e i r  s u s c e p t i b i l i t y  t o  e r o s i o n  and f l u v i a l  t r a n s p o r t .  

3. To de termine  t h e  p h y s i c a l ,  chemica l ,  and m i n e r a l o g i c a l  p r o p e r t i e s  
o f  suspended sediments  and bottom sediments  i n  o r d e r  t o  i - d e n t i f y  
f l u v i a l  t r a n s p o r t  mechanisms and t o  e v a l u a t e  e q u i l i b r i u m  s t a b i l i t i e s  
o f  suspended and bottom sediments .  

4. To de termine  phosphate  so rp t ion -deso rp t ion  and p r e c i p i t a t i o n  i n t e r -  
a c t i o n s  wi th  secliment c h a r a c t e r i s t i c s  and c o n c e n t r a t i o n  l eve l s .  

5 .  To de termine  heavy ne ta l s  l e a v i n g  s m a l l  a g r i c u l t u r a l  watersheds  
as c o n t r a s t e d  t o  downstream r e f e r e n c e  s o u r c e s .  

This  r e p o r t  p r e s e n t s  t h e  f i n d i n g s  o f  our  s t u d i e s  i n  t h e  p e r i o d  1975-77. 
I t  wi1.l draw on t h e  r e s e a r c h  o f  o t h e r  workers  i n  t h e  Maumee t o  g i v e  as complete  
a p i c t u r e  a:; p o s s i b l e .  

3.1 Study Approach 

The b a s i c  approach o f  t h i s  s tudy  w a s  t o  measure t h e  g e n e r a t i o n  of sediment  
and n u t r i e n t s  from i n t e n s i v e l y  c u l t i v a t e d  c rop land  under p r e v a i l i n g  management 
p r a c t i c e s  and t o  compare t h e s e  l o s s e s  wi th  t h e  y i e l d  o f  t h e  same m a t e r i a l s  a t  
t h e  downstream d i s c h a r g e  p o i n t .  The s t u d y  i n v e s t i g a t e d  t h e  d i f f e r e n c e s  i n  
p o l l u t a n t  g e n e r a t i o n  on s e v e r a l  o f  t h e  major s o i l s  o f  t h e  Maixnee Basin and 
de termined  t h e  e f f e c t s  o f  season  and s o i l  c h a r a c t e r i s t i c s  on sediment  and 
n u t r i e n t  g e n e r a t i o n .  P o l l u t a n t  t r a n s p o r t  by t i l e  d ra inage  w a s  a l s o  s t u d i e d  
because  o f  t h e  e x t e n s i v e  use  of  underground t i l e  f o r  d ra inage  i n  t h e  Bas in .  

The chemical  and m i n e r a l o g i c a l  n a t u r e  o f  suspended and bottom sediments  
w a s  s t u d i e d  and compared t o  t h e  s o i l s  o f  t h e  Ras in  i n  o r d e r  t o  b e t t e r  
unders tand  t h e  changes i n  sediment  du r ing  f l u v i a l  t r a n s p o r t .  

Levels  o f  heavy metals i n  s o i l ,  sediment  and s u r f a c e  and ground water  
were surveyed throughout  t h e  Bas in ;  p e s t i c i d e s  i n  sediment  were a l s o  scanned.  

Y ie lds  of sediment  and n u t r i e n t s  from t h e  Black Creek See.  108 s tudy  
i n  A l l e n  County, I n d i a n a  were used  f o r  comparison w i t h  t h o s e  from t h e  s m a l l  
p l o t s  s t u d i e d  i n  Ohio and t h e  downstream y i e l d s  a t  W a t e r v i l l e  (approximate ly  
90% o f  t h e  d ra inage  b a s i n ) .  
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3.2 Study Methods 

The b a s i c  approach o f  t h i s  s t u d y  w a s  t o  measure sediment  and n u t r i e n t  
loss  from s m a l l  a g r i c u l t u r a l  watersheds  and p l o t s  on major s o i l s  i n  t h e  
Maumee River Bas in  and compare t h e s e  l o s s e s  w i t h  t h o s e  from l a r g e r  areas 
i n  t h e  Bas in .  

F ive  s i tes  were chosen i n  Defiance County on fou r  major  soils o f  t h e  
Bas in  ( F i g u r e  1 and Table  1) r ang ing  from 0 . 6  t o  3.2 h a  i n  area. S u r f a c e  
r u n o f f  w a s  moni tored  a t  a l l  s i t e s  and t i l e  d ra inage  on t h e  Lenawee, Pauld ing  
and Blount  s i t e s .  A cont inuous  f low moni tor ing  system and i n t e g r a t e d  sampler  
w a s  used  SO t h a t  a l l  e v e n t s  were monitored and sampled. The sampling p e r i o d  
w a s  from May 1975 - May 1977. All s i t e s  were f a l l  plowed and p l a n t e d  t o  
soybeans,  so d i f f e r e n c e s  i n  sediment and n u t r i e n t  l o s s  are a f u n c t i o n  o f  s o i l  
d i f f e r e n c e s .  R a i n f a l l  w a s  monitored a t  each s i t e .  A t  t h e  OARDC branch r e s e a r c h  
s t a t i o n  i n  Wood County, e i g h t  p l o t s  (0.04 h a )  on H o y t v i l l e  s o i l  were s u b j e c t e d  
t o  a number o f  d i f f e r e n t  t i l l a g e  t r e a t m e n t s  and runof f  and t i l e  d ra inage  
monitored.  Sediment and n u t r i e n t  l o a d i n g  d a t a  were o b t a i n e d  from two o t h e r  
s t u d y  areas i n  t h e  Maumee, t h e  Black Creek Sec .  108 s tudy  i n  Al l en  County, 
I n d i a n a  and t h e  moni tor ing  s t u d y  by Heide lberg  College a t  W a t e r v i l l e ,  Ohio 
on t h e  main stem o f  t h e  Maumee ( F i g u r e  ) .  S i m i l a r  d a t a  was a l s o  o b t a i n e d  
from t h e  Por t age  River  TMACOG Sec .  208 s tudy .  
a d j a c e n t  t o  t h e  Maumee and h a s  similar l a n d  use .  

The Por t age  River  Bas in  i s  

The d ra inage  areas of t h e  v a r i o u s  s tudy  s i t e s  vary from 0.04-3.2 h e c t a r e s  
f o r  t h e  Ohio Task C s tudy  t o  735 t o  890 h e c t a r e s  i n  t h e  Black Creek s t u d y ,  
1109 
area sediment  and n u t r i e n t  l o s s e s  from t h e s e  areas w i l l  g i v e  some i n d i c a t i o n  
o f  d e l i v e r y  r a t i o ,  and a comparison o f  mon%hly losses w i l l  i n d i c a t e  a c t i v e  
runof f  p e r i o d s  on t h e  upland landscape  as w e l l  as f o r  t h e  whole Bas in .  

km2 i n  t h e  Por t age ,  and 17,058 h2 a t  W a t e r v i l l e .  Comparison o f  u n i t  

Table  2 d e s c r i b e d  t h e  d a t a  sets  used i n  t h i s  s tudy  as ob ta ined  from t h e  
s t u d i e s  desc r ibed  above. The d a t a  p e r t a i n i n g  t o  t h e  Black Creek Watersheds 
i s  from Purdue U n i v e r s i t y .  The d a t a  f o r  t h e  Maumee Rive r  a t  W a t e r v i l l e  and 
t h e  Por t age  River  a t  Woodville were ob ta ined  from t h e  R ive r  S t u d i e s  Labora tory  
a t  He ide lbe rg  Co l l ege ,  T i f f i n ,  Ohio. The River  S t u d i e s  Labora tory  performed 
a l l  sampling and l a b o r a t o r y  a n a l y s i s  for both t h e  USACOE and TMACOG. The 
sampling f o r  bo th  programs w a s  performed i n  e x a c t l y  t h e  same f a s h i o n ,  d i f f e r i n g  
on ly  i n  t h e  t i m e  p e r i o d  o f  performance.  Sampling was cont inuous  from ,January 
1975 t o  June 1977 ( t h e  p e r i o d  covered i n  t h i s  r e p o r t ) ,  and i s  con t inu ing .  

P h y s i c a l ,  chemical  and m i n e r a l o g i c a l  c h a r a c t e r i s t i c s  o f  major  s o i l s  i n  
t h e  Bas in ,  as w e l l  as suspended and bottom sediments ,  were de te rmined  t o  
b e t t e r  unders tand  how s o i l  i s  e roded  and t r a n s p o r t e d ,  and t h e  changes t h a t  
sediment  undergoes du r ing  f l u v i a l  t r a n s p o r t .  I n  p a r t i c u l a r ,  t h e  chemis t ry  o f  
s o i l  and sediment phosphorus w a s  s t u d i e d  t o  determine how s o l u b l e  P i s  adsorbed  
and/or  desorbed by sediment  and t h e  e x t e n t  t o  which sediment i s  en r i ched  w i t h  
P du r ing  e r o s i o n  and t r a n s p o r t .  

The c o n c e n t r a t i o n  o f  heavy metals i n  Basin s o i l s ,  bottom sediments ,  
stream and w e l l  water and bedrock were surveyed t o  de te rmine  major  sou rces  o f  
metals i n  t h e  Bas in .  Mixing o f  p o i n t  source  metal d i scha rge  wi th  sediment  i n  
t h e  r i v e r  and uptake by stream v e g e t a t i o n  w a s  de te rmined  by d e t a i l e d  sampling 
above and below a chromium d i s c h a r g e  on t h e  O t t a w a  R ive r  a t  L i m a ,  Ohio. 



Figure 1. Sampling s i t e s  in the Maumee River Basin 

The Maumee River Basin 

A Water samples * Watersheds 
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Table  2. Numbers o f  Observa t ions  i n  Study Watersheds 

Maumee 

Por t age  

Black 
Creek 
S i t e  2 

Black 
Creek 
S i t e  6 

1975 

1977 

1975 

1977 

1976 

1976 

1975 

1976 

1975 

1976 

Dissolved  
Ino rgan ic  
Phosphorus 

477 
601 
409 

487 
569 
368 

641 

39 7 

45 5 

409 

T o t a l  
Phosphorus 

468 
6 34 
421 

427 
568 
387 

641 

397 

455 

409 

Suspended 
Sediment 

459 
619 
4 20 

46 5 
568 
388 

640 

39 7 

455 

409 

N i t r a t e +  
N i  t r  i te-N 

465 
623 
396 

502 
573 
36 8 

641 

39 7 

454 

409 

Ammonia-N 

47 3 
590 
413 

460 
5 75 
366 

641 

39 7 

452 

409 

3.3 C a l c u l a t i o n  o f  Loadings 

3.31 Major and Minor Subbasins  

Loadings f o r  t h e  Maumee and Por tage  River  b a s i n s  and t h e  two Black Creek 
subbas ins  were e s t ima ted  by t h e  use of  t h e  Beale  r a t i o  e s t i m a t o r  and t h e  
a lgo r i thm f o r  i t s  s o l u t i o n  provided  in t h e  Task C Handbook ( I J C ,  1976) and 
o t h e r  communications ( C l a r k ,  1 9 7 7 ) .  The t h e o r y  behind  and t h e  u t i l i t y  of  t h e  
e s t i m a t o r  has  been d i scussed  by s e v e r a l  o t h e r  i n v e s t i g a t o r s  (Konrad e t  al., 1977) 
(Sonzongni e t  a l ,  1978) (Os t ry  e t  a l ,  1978) ,  and will not  be d i scussed  f u r t h e r  
h e r e  beyond j u s t i f i c a t i o n  f o r  t h e  method of s t r a t i f i c a t i o n  used.  

Sampling methods i n  t h e  Maumee and Por t age  River  s t u d i e s  meet t h e  r e q u i r e -  
ments of randomness i n  t h a t  samples have been t aken  from t h e  two r i v e r s  every  
s i x  hour s ,  except  f o r  equipment downtime, f o r  ove r  t h r e e  y e a r s .  Of t h e s e  samples 
a t  l e a s t  one has  been ana lyzed  every  day. I n  t h e  event  ot’ a r i s e  i n  t h e  hydro- 
graph due t o  t h e  occurrence  o f  s torm runof f  a l l  f o u r  o f  t h e  samples t aken  du r ing  
t h e  cour se  of a day and f o r  t h e  d u r a t i o n  o f  t h e  runof f  event  are ana lyzed .  
Sampling frequency i s  not  o the rwise  a l t e r e d  dur ing  s torms .  

I n  t h e  B l m k  Creek s t u d i e s  t h e  sampling i s  non-random. Samples t h e r e  
were t aken  on a one sample pe r  week b a s i s  except  i n  t h e  case  o f  a s torm of  more 
t h a n  2 . 5  cm o f  s u r f a c e  runof f  t o  s ta r t  s t a g e  a c t u a t e d  au tomat ic  sampler  w i th  
c o l l e c t i o n  of  samples a t  30 minute i n t e r v a l s .  

0.0107 m3/sec a t  s i t e  6 )  and t h e  l a r g e  event  f lows ( f low> 0.218 m3/sec a t  
s i t e  2 and s i t e  6 ) .  
un le s s  t hey  w e r e  by chance c o l l e c t e d  dur ing  t h e  once weekly grab  sampling program. 

A t h i r d  f l  w regime i s  des igna ted  
for  all f lows between a de f ined  basef low ( f low > 0.0221 m s / s e c  a t  s i t e  2 or > 

No samples a r e  s p e c i f i c a l l y  c o l l e c t e d  i n  t h i s  f low i n t e r v a l  
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Since  it w a s  d e s i r a b l e  t o  determine l o a d i n g s  on a monthly basis f o r  t h e  
purpose  o f  examining v a r i a t i o n s  i n  sediment  and n u t r i e n t  d e l i v e r y  through t h e  
y e a r  twelve s t ra ta  a c r o s s  one y e a r  o f  d a t a  are immediately c r e a t e d .  For t h e  
Maumee and Por t age  t h r e e  a d d i t i o n a l  s t ra ta  are d e f i n e d  w i t h i n  each  month: 

1) basef low - l e v e l  o f  f low w i t h i n  each month below which hour-to-hour 
v a r i a t i o n s  i n  f low appear  t o  be random; 

2 )  r i s i n g  hydrograph - t h e  ups ide  o f  t h e  hydrograph;  and 

3) f a l l i n g  hydrograph - t h e  downside and r e t u r n  t o  basef low or new storm.  

A t  t h e  Black Creek s i t e s  t h e  same s t ra ta  are de f ined  and a f o u r t h  for a l l  s m a l l  
even t  f lows  i n  t h e  i n t e r v a l  d e f i n e d  above i s  used.  The on ly  o t h e r  d i f f e r e n c e  
i n  d e f i n i t i o n  o f  s t ra ta  f o r  Black Creek i s  t h a t  t h e  basef low va lue  i s  uniform 
throughout  t h e  y e a r ,  whereas f o r  t h e  major  b a s i n s  it i s  d e f i n e d  d i f f e r e n t l y  f o r  
each month. 

T h e r e a f t e r ,  c a l c u l a t i o n  of  l o a d i n g s  and t h e  e r r o r  t e r m  proceeds  as d e s c r i b e d  
i n  Sonzogni e t  a l  (1978) .  

3.32 Exper iAenta l  P l o t s  

Loadings from t h e  t h i r t e e n  expe r imen ta l  p l o t s  were c a l c u l a t e d  s t r i c t l y  by 
t h e  m u l t i p l i c a t i o n  o f  a " f low weighted mean" c o n c e n t r a t i o n  by t h e  t o t a l  f low f o r  
each s torm event  f o r  s u r f a c e  r u n o f f  and t o t a l  p e r i o d i c  f low from t i l e s .  These 
p l o t s  are  ve ry  s m a l l  (0 .04  - 3.2 h a )  and s u r f a c e  f low i s  ephemeral ,  o c c u r r i n g  
on ly  f o r  t h e  d u r a t i o n  of  s torm e v e n t s .  Flow from t h e  t i l e s  i s  more s u s t a i n e d  
b u t  s t i l l  i n t e r m i t t e n t .  The t o t a l  f low from each even t  i s  con t inuous ly  sampled 
and composited by a f low p r o p o r t i o n a l  pump. The c o n c e n t r a t i o n  o f  t h e  composite 
sample i s  cons ide red  t o  r e p r e s e n t  t h e  flow weighted mean c o n c e n t r a t i o n  o f  t h e  
runof f  o c c u r r i n g  du r ing  a s i n g l e  s torm e v e n t .  Loadings from t h e s e  p l o t s  are 
p r e s e n t e d  i n  t a b u l a r  form f o r  each month o f  t h e  two yea r  sampling p e r i o d  f o r  
comparison w i t h  t h e  monthly l o a d i n g s  o f  t h e  o t h e r  b a s i n s .  

3.33 Other  Loading Estimates 

All c a l c u l a t i o n s  o f  l o a d i n g s ,  i n c l u d i n g  t o t a l  l o a d s  and u n i t  area y i e l d s  
are based  on t h e  mean d a i l y  l o a d  determined f o r  each month f o r  t h e  major and 
subbas ins  and on t h e  t o t a l  monthly l o a d  c a l c u l a t e d  for t h e  exper imenta l  p l o t s .  
The s t a n d a r d  e r r o r  o f  t h e  mean d a i l y  load ing  estimates i s  p r e s e n t e d  i n  t h e  tab les  
w i t h  t h o s e  es t imates .  There i s  no e r r o r  t e r m  p r e s e n t e d  for t h e  expe r imen ta l  
p l o t  l o a d i n g  e s t i m a t e s .  

3.34 Applica, t ion o f  Experimental  P l o t  Data t o  Major Basin Data 

The exper imenta l  p l o t  watersheds  w e r e  chosen as r e p r e s e n t a t i v e s  o f  major 
s o i l  groups found i n  t h e  Maurnee Bas in .  I n  o r d e r  t o  compare t h e  y i e l d s  from 
t h e s e  p l o t s  t o  y i e l d s  from t h e  o t h e r  watersheds  i n  t h e  s tudy  it w a s  necessa ry  
t o  d e r i v e  some mean v a l u e  o f  t h e  y i e l d s  from t h e  p l o t s .  A s imple  a r i t h m e t i c  
mean would of cour se  weight s o i l s  t h a t  occur  less f r e q u e n t l y  t o o  much and s o i l s  
t h a t  are abundant  t o o  l i g h t l y .  We f e l t  t h a t  an area weighted mean could  be used 
t o  e f f e c t  t h e  e x t r a p o l a t i o n  o f  t h e  exper imenta l  p l o t  data f o r  t h e  comparison. 

Obviously,  t h e  six s o i l s  o f  t h e  p l o t s  do no t  p e r f e c t l y  r e p r e s e n t  a l l  t h e  
s o i l s  found i n  t h e  Maumee River  b a s i n ,  bu t  t h e y  do r e p r e s e n t  a l l  major physio-  
g r a p h i c  t y p e s  found and a f u l l  range  o f  s l o p e  c a t e g o r i e s ,  d ra inage  t y p e s  and 
s o i l  t e x t u r e s .  The on ly  purpose o f  t h i s  r e c l a s s i f i c a t i o n  i s  t o  p rov ide  f i g u r e s  
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for t h e  e x t r a p o l a t i o n .  No f u r t h e r  u se  should  or w i l l  be  made of  t h e s e  figures. 
The s o i l  series and t h e i r  area we igh t s  are: 

Area Weight 

Roselms (3-15% s l o p e )  0 .05 
Roselms (3-5% s l o p e )  0 .23  
Lenawee 0.15 
Blount 0.28 
Psu l  d i  ng 0.08 
Hoyt v i  I l e  0 .21  

3.4 Key Parameters  S t u d i e d  

Based on p rev ious  work i n  Lake E r i e  and o t h e r  Great Lakes,  t h e  key 
parameters  i d e n t i f i e d  were: phosphorus,  sed iment ,  n i t r a t e ,  some heavy metals, 
and t o x i c  o r g a n i c s  i n c l u d i n g  DDT and PCB's. Becuase o f  t h e  r e l a t i v e l y  l a r g e  
c o n t r i b u t i o n  of t h e  Yaumee River  t o  t h e  sediment and phosphorus t r i b u t a r y  l o a d  
t o  Lake E r i e ,  sed iment ,  t o t a l  P and d i s s o l v e d  i n o r g a n i c  P were chosen as 
t h e  main parameters  o f  s t u d y .  Nitrate-N tras a l s o  s t u d i e d  i n t e n s i v e l y  because 
o f  t h e  r e l a t i v e l y  h igh  f low weighted mean c o n c e n t r a t i o n  i n  t h e  Mamiee River and 
t h e  heavy use of f e r t i l i z e r  n i t r o g e n  i n  t h i s  a g r i c u l t u r a l  Bas in .  Heavy metals 
and t o x i c  o r g a n i c s  were n o t  Derceived t o  be a major problem i n  t h e  Basin 
because  of t h e  low inc idence  o f  heavy i n d u s t r y  and t h e  l i m i t e d  usage of i n s e c t i -  
c i d e s .  Metals and p e s t i c i d e s  were, however, scanned for background d a t a .  

Most ( >  90%) of  t h e  phosphorus e n t e r i n g  Lake E r i e  from t h e  Maumee River 
i s  a t t a c h e d  t o  sed iment .  Sediment-P i s ,  t h e r e f o r e ,  an  impor tan t  parameter .  I n  
t h i s  s t u d y ,  it w a s  s t u d i e d  e x t e n s i v e l y .  

4, RESULJS 
4 . 1  Land use and p r a c t i c e s  

4 . 1 1  Land Use 

The Maumee River Basin d r a i n s  17 ,058  k m  2 (6,586 m i 2  ) i n t o  t h e  Western 
Bas in  o f  Lake E r i e  a t  Toledo.  I t  has  73 .7 ,  19.1, and 7 .2% of  i t s  ac reage  i n  
Ohio, I n d i a n a  and Michigan, r e s p e c t i v e l y .  Seventeen O h i o  c o u n t i e s ,  f o u r  i n  
I n d i a n a  and two i n  Michigan a re  wholely or p a r t i a l l y  i n  t h e  Bas in .  F igu re  2 
i d e n t i f i e s  t h e  communities i n  t h e  B a s i n ,  197 o f  which have popu la t ions  g r e a t e r  
t h a n  5000. O f  t h e  approximate ly  1 . 4  m i l l i o n  p o p u l a t i o n ,  about  75% i s  c e n t e r e d  
i n  t h e  Toledo (580,000), F o r t  Wayne (281,000), L i m a  (171 ,500)  and Findlay  
(30 ,000)  areas. Table  3 g i v e s  t h e  t o t a l  and urban p o p u l a t i o n s  for t h e  c o u n t i e s  
t h a t  are whole ly  i n  t h e  Bas in  o r  have a l a r g e  pe rcen tage  o f  t h e i r  area i n  t h e  
Bas in .  The area of each county i s  a l s o  g iven .  This  d a t a  i s  t aken  from t h e  
PLUARG Task B r e p o r t  f o r  p l ann ing  subarea  (PSA) 4 . 2 .  Table 4 g i v e s  t h e  ac reage  
of each  l a n d  use  by county .  The Michigan d a t a  h a s  n o t  been inc luded .  The l a n d  
use d a t a  p r e s e n t e d  h e r e  i s  incomple te  as w e  had t o  r e l y  on t h e  l e v e l  B es t imates  
which are based  on PSA and no t  by watershed .  A more complete  l a n d  use  inven to ry  
of  t h e  Bas in  has  been made by LEWMS and w i l l  be a v a i l a b l e  s h o r t l y ,  a t  which t i m e  
our  f i g u r e s  w i l l  be  updated .  
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Fig. 2. The Maumee River drainage basin. 



Table 3 .  P o p u l a t i o n  Data By County 

Ymber Percent Lanc! Area ?l 
Urban Urban Area i n  i n  TOTAL POPULATlUW 

PLAIJNING SUSAREA h .  2 

I n d i a n a  

Adams 
A l l e n  
D e  Kalb 

A! l e n  
Augla i  ze 
D e  fi anc e 
Fi i l ton  
Ha n c 2' c k 
Henry 
L i i c a s  
Mercer 
Pa u! d i n g  
Put, n am 
Van W E  r t  
W i  11 i a m  
wo0.i 

1940 

21,251 
155,0811 
24,756 

73,301 
28,03~ 
2L, 367 
23,626 
k, 753 
22,756 
3LL, 333 

25,016 
26,759 

5' 3 796 

26,256 
15,527 

25,510 

1950 
-I 

22,3?3 
183,722 
26,023 

38,183 
'0,637 
25,925 
25,530 
4?1,230 
22.423 
395,551 
28,311 
15.047 
25,2a 
26,971 
26,202 
59,695 

1960 

24,643 
232,722 
28,271 

103,691 
36,117 

53,686 

456,331 

16,792 
28,3?1 
26, F1Lo 
29,968 
72,596 

31,508 
2?, 301 

25,392 

32,559 

1970 1970 

11,433 

12,052 
225,184 

76,428 
16,126 
19,712 

38,837 
1 3 , li 50 

7,791 
56,005 
11,?'2 
3,933 
3,622 

11, ,627 

49,582 
11,192 

A 

1970 1970 Basin  Bas in  

42.5 
80.3 
39.1 

68.8 

53.4 
40.7 
63.5 
28.3 
QL.1 

I!. 11 

11.6 
50.1 
33.2 
54.1 

41. t3 

32.1 

345 
671 
366 

410 410 
400 341 
412 412 
407 333 
532 39 2 
416 416 
343 1 5 4  
4 i i r  21 2 
417 417 
AS6 L 86 
409 409 
421 L21 
619 19 3 

100.0 p I 

85.3 I 
100.0 
81.7 
73.7 
100.0 
44.8 
L6.8 
100.0 
100.0 

100.0 
31.3 

Lc! 

loci. o 

TO __ To Convert Fron 
Square I/Iiles ( sq  mi) Square Kilometers (sq km) 



Table . Ma;or Land Uses, Planning Subarea 4.2, Great Lakes Region 

.- 

Jrban-Cc,-i-.ex i a l - In<u? . .x ;  Agriculture Corest No Wa;x Use 

Water wetland SuStc'a' Subtptal  iiesi- i?,-.er- c-., Row Close 
.?wit< a1 ci a1 Crop Crown Pasture I d(1 ot 3: 

.:zi.:y Acres Acres ACES Hectares 5 Acres Acres Acres Acres Hertares % Acres Hertares % Acres Acres Acres Ee-tares S 

lir50 1 .6  
2uLn i5 .6  
11850 12.5 

8360 7.9 

8910 3.5 

2270 2.1 
'870 7 . 5  
1720 i . 2  

51120 5 .0  

30950 3b.O 

7i10 5.8 

2 5 0  6.7 

9060 7.2 

7240 6.8 
4220 4.A 

5520 5.9 

1518500 

83910 

177080 

182450 

157290 
201860 

117100 

181800 

32000 

8900 

37iOO 

32900 

2 3650 

26300 

23400 

36230 

39 10 

2 89 flO 

L09iO 

13230 

81720 

12310 

65520 

131650 

? 3181. 30 

121790 

255093 
2295fln 

262610 

208920 

349680 

237570 

0'40 I I) 

49300 

103270 

925Lo 

106310 

90 180 
84580 

111570 

81~,fl  27660 
67.9 86490 
fl1.2 17700 

11190 1 ? . 5  
35010 20.1 

5340 5.6 

in700 10.1 

12310 11.8 

150flO 1 4 . 1  

9470 9.0 
1?6110 9 . 2  

7qi0 7.2 

R i i o  8.0 

7 W o  6.5 

7920 7 .3  

0630 7.6 

2460 2.3 

18610 17.1 

5200 5.7 

12360 

-1430 

1660 

-260 

1890 

70 2110 

14090 

7 d0 

1570 

>>U 
6 - r ~  

5060 

170 6jG 

2330 

210 

2 0  2300 

1590 

2340 

1192 

1660 

260 

1890 

2180 

14090 
780 

1570 

6350 
9063 

803 

2330 
210 

2610 

1490 

9:c 
650 

670 

iC.0 

760 

880 

5700 
i?0 

6 30 

2570 
3660 

320 

9.0 

60 

io50 

600 

1.1 
0. ? 

0.7 

0.1 

0.7 

0 . E  

5.L 
0.' 

0.6 

2. b 

3.0 

0.3  

0.7 
0.1 

1 . 0  

0 . 4  

I 
P 
F- 
I 



4.12 A g r i c u l t u r a l  p r a c t i c e s  i n  t h e  Bas in  

A g r i c u l t u r e  i n  t h e  Maumee River Bas in  i s  dominated by t h e  p roduc t ion  of  
on ly  .5 c r o p s :  co rn ,  soybeans,  wheat ,  o a t s  and hay.  Other  c r o p s ,  i n c l u d i n g  
suga r  b e e t s  and v e g e t a b l e s  f o r  p r o c e s s i n g  and t h e  f r e s h  market are very  impor- 
t n a t  economica l ly ,  b u t  account  f o r  less t h a n  5% (Table 5 ) of  t h e  t o t a l  ac reage  
h a r v e s t e d  i n  any county i n  t h e  Bas in .  
h a r v e s t e d  of t h e  f i v e  c rops  i n  each  county o f  t h e  Bas in .  For  most c o u n t i e s  t h e  
f i g u r e s  r e p r e s e n t  t h e  mean o f  p roduc t ion  i n  1975 and 76. Data was o b t a i n e d  
from t h e  1976 p u b l i c a t i o n s  o f  t h e  Michigan, I n d i a n a  and Ohio Crop Repor t ing  
S e r v i c e s .  I n  a d d i t i o n  t o  t h e  p roduc t ion  data t h e s e  r e p o r t s  w e r e  used t o  d e r i v e  
c r o p  y i e l d ,  t i l l a g e  p r a c t i c e  and d a t e s  of t i l l a g e ,  p l a n t i n g  and h a r v e s t i n g  d a t a .  

Table  6 summarizes t h e  t o t a l s  o f  ac reages  

The s o i l s  o f  t h e  Maumee River  Bas in  are  h i g h l y  p roduc t ive  f o r  t h e s e  
c rops  and p r e c i p i t a t i o n  (34 .06  i n ,  86.5 cm) i s  ample f o r  u n i r r i g a t e d  a g r i c u l t u r e .  
The s o i l s  o f  t h e  Basin are a l l  a s s o c i a t e d  wi th  a g l a c i a l  o r i g i n  and i n c l u d e  l a k e  
d e p o s i t e d ,  till p l a i n ,  outwash p l a i n  and s c a t t e r e d  d e p o s i t s  of  sand i n  beach 
r i d g e s ,  a n c i e n t  sand  b a r s  and ground and end mora ines .  P a r t i c l e  siz,e d i s t r i b u -  
t i o n s  are dominated by t h e  c l a y  f r a c t i o n ,  and most s o i l s  have h igh  o rgan ic  matter 
c o n t e n t .  The g r e a t e s t  s i n g l e  a g r i c u l t u r a l  problem i s  t h e  p r o v i s i o n  of  d ra inage .  
When adequate  d ra inage  i s  p rov ided ,  u s u a l l y  through subsu r face  t i l e  d r a i n s ,  corn  
y i e l d s  i n  excess  of 1bO bu/ac  are not  uncommon. I t  has  been e s t i m a t e d  t h a t  
upwards o f  50% of  t h e  c ropland  i n  t h e  Maumee Basin i s  underdra ined .  

4 .13  County Crop R o t a t i o n s  

I n  o r d e r  t o  d e r i v e  C ,  t i l l a g e  or conse rva t ion  p r a c t i c e ,  f a c t o r s  f o r  t h e  
Un ive r sa l  S o i l  Loss Equat ion  it w a s  necessa ry  t o  q u a n t i f y  t h e  ac reage  o f  crop-  
l and  i n  t h e  Bas in  i n  a v a r i e t y  o f  l o g i c a l  c rop  r o t a t i o n s .  Observa t ions  o f  
t y p i c a l  r o t a t i o n s  and p r a c t i c e s  sugges t  s i x  assumptions which enab le  t h e  use  of 
t h e  county p roduc t ion  d a t a  t o  c a l c u l a t e  t h e  ac reage  o f  c ropland  i n  each county 
which i s  t y p i c a l l y  i n  one o f  7 r o t a t i o n  p a t t e r n s .  

The assumptions are:  

1. The e f f e c t  o f  s o i l  t y p e  and physiography on c rop  r o t a t i o n  i s  
su f f i c i en t3 .y  accounted  f o r  by us ing  county c rop  r e p o r t i n g  s t a t i s t i c s  

2.  All wheat i s  i n  a corn-soybean-wheat r o t a t i o n  

2 A .  
2B. 

50% o f  a c r e s  of  hay h a r v e s t e d  mod i f i e s  t h i s  r o t a t i o n  t o :  
100% of  a l l  o a t s  are p l a n t e d  i n  t h e  s p r i n g  followi-ng corn .  

The r e s u l t i n g  r o t a t i o n  i s :  C Sb 0 W 

3. The remain ing  corn  and soybeans a f t e r  2 i s  i n  corn  soybean r o t , a t i o n :  C S b  

4 .  Any remain ing  corn  o r  soybeans a f t e r  3 i s :  Cont. C or Cont. Sb. 

5 .  50% o f  a c r e s  o f  hay h a r v e s t e d  i s  i n  permanent p a s t u r e  

6. A l l  o t h e r  c rops  are ignored  due t o  very  s m a l l  pe rcen tage  o f  t o t a l  
c rop land  involved. 
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Table 5 .  A g r i c u l t u r a l  Land Use i n  P lann ing  Subarea 4.2 

Crop Current  Normal 
Acres 2/ Hectares 21 

!hiheat 509.5 206.2 

oats 207.2 83.9 

Hye 

Bar.] ey 

?s!isc. S m a l l  Gra ins  

9.1 

2.5 

0 

3.7 

1.0 

0 

?-lrn for  Grain 1 ,201 .0  486.0 

Corn S i l a g e  66.7 27.0 

1,526.2 617.6 

4 . 3  

10.9 

44.4 

1 . 7  

4.4 

18.0 

A 1 f'a 1 t '3 Hay 

C: L o v r r  & Timothy H a y  

258.4 104.6 

185.9 75.2 

92.9 17.6 

581.6 235.4 

T0t.a 1 Crop1 and 4,735.1 1,916.1 

Impmveo! P a s t u r e  81.1 32.9 

Tmproved P a s t u r e  1 3 2 . 5  53.6 

N. Impr,)v.  Pasture 

Total P a s t u r e  

Total A q .  Land- 
3/ 

21 3.8 86.5 

4,948.9 2,002.8 

1 /  
- 2/  Measurement i s  i n  thousands of  a c r e s  or h e c t a r e s  
- 3/ 

Current  normal r e p r e s e n t s  present. y i e l  d es t imate  based on 1958-1972 average  

Totals may n o t  add due t o  rounding 

- 
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Table 6 .  Crop Product ion i n  t h e  Maumee River Basin - Acres Harvested (1975-1976) 

Crop 

County Corn Soybe an s Wheat Oats Hay 

Al l en ,  Oh 

Defiance,  Oh 

Ful ton ,  Oh 

!!ancock, Oh 

Henry, Oh 

Lucas, Oh 

Paulding,  Oh 

Futnam, Oh 

Van Wert, Oh 

W i l l i a m s ,  Oh 

Wood, Oh 

Auglaize,  Oh 

€!ardin, O h  

h'ercer, Oh 

E i l l s d a l e ,  M i  

Lenawee, M i  

DeKalb, Ind. 

Allen ,  Ind . 
Adams, Ind. 

59,550 

39,950 

95,800 

52,950 

77,550 

27,550 

51,050 

74,400 

80,000 

59,250 

107,250 

67,200 

79,950 

61,500 

84,600 

121,120 

49,500 

89,300 

60,900 

63,250 

75,100 

56,300 

109,500 

86,250 

34,700 

82,650 

100,600 

1.02,400 

58,150 

113,150 

58,250 

89,050 

'i8,ooo 

24,345 

86,050 

39,700 

83,200 

62,900 

36,300 

44,650 

31,850 

66,600 

47,300 

13,650 

46,800 

52,100 

' t l  ,000 

42, QOO 

73,850 

33,100 

47,600 

110,150 

23,515 

61,060 

19,500 

h2,300 

27,700 

7 , 000 
10,900 

5,550 

6,800 

0,000 

1,600 

18,400 

8,800 

10,100 

8,700 

15,200 

13,700 

11,300 

20,900 

8,380* 

13,500" 

6,300 

13,800 

6,700 

9,250 

6,600 

8,750 

12,500 

10,350 

3,050 

6,450 

15,950 

b ,600 

11,850 

17,150 

21,400 

14,700 

25,200 

33,573 t 
19,649 

12,600 

lh,500 

11,200 

* 1974-1975 

t 1974 Census of Agr icu l tu re  
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R o t a t i o n s  : 

1. C Sb W 
2. X C Sb W 
3. C Sb 0 W 
4.  C Sb 
5 .  Cont C 
6 .  Cont Sb 
7. Permanent P a s t u r e  

The f i rs t  assumption i s  not  s t r i c t l y  t r u e  when t h e  d a t a  i s  t o  he  used f o r  
c a l c u l a t i o n  o f  s o i l  l o s s  estimates.  T h i s  i s  e s p e c i a l l y  t r u e  when t h e  county 
i s  i n  an  uplands  s e c t i o n  o f  t h e  watershed  and p o r t i o n s  o f  t h e  county a re  h i l l y  
wh i l e  o t h e r  areas may be ve ry  f l a t .  This  e f f e c t  w i l l  be p a r t i a l l y  o f f s e t  by 
we igh t ing  t h e  r o t a t i o n s  which i n c l u d e  w i n t e r  cove r ,  s p r i n g  plowing and meadow 
toward t h e  s o i l s  which are known t o  occur  on a r o l l i n g  landscape .  

Assumption 2 i s  obvious froill t h e  magnitude o f  t h e  p roduc t ion  o f  t h e s e  
crops. Almost a l l  farmers i n  t h e  Basin a t t empt  t o  u t i l i z e  t h i s  p r o f i t a b l e  
r o t a t i o n .  Assumptions 2A and 2B are known t o  he  aredominant  a l t e r n a t i v e s .  
The 50% of' a c r e s  o f  hay h a r v e s t e d  i s  an  a r b i t r a r y  f i g u r e  which w i l l  be  lower 
i n  uplands  c o u n t i e s  where permanent p a s t u r e  i s  more impor tan t  and h ighe r  i n  
lakebed  and t ill  p l a i n  areas where t h e r e  i s  ve ry  l i t t l e  permanent p a s t u r e .  
Assumption 5 fo l lows  d i r e c t l y  and i n c l u d e s  t h e  remainder  o f  t h e  a c r e s  o f  hay 
h a r v e s t e d  i n  permanent p a s t u r e .  Assumption 2B i s  a common a l t e r n a t i v e  f o r  t h e  
i n c l u s i o n  o f  o a t s  i n  a r o t a t i o n .  Fol lowing o a t s  t h e  f i e l d  i s  p l a n t e d  t o  win te r  
wheat. A l l  o a t s  are i n c l u d e d  i n  t h i s  r o t a t i o n .  The r e s u l t a n t  r o t a t i o n  i s  
corn-soybeans-oats-wheat. 

Assumption 3 p l a c e s  t h e  remainder  o f  t h e  corn  and soybeans,  except  f o r  t h e  
a b s o l u t e  d i f f e r e n c e  between t h e  ac reage  i n  corn  and soybeans,  i n t o  a corn- 
soybean r o t a t i o n .  
ac reage  h a r v e s t e d ,  whichever  i s  g r e a t e r ,  i n t o  monocul ture  o f  t h a t  c r o p :  cont inuous  
corn  o r  cont inuous  soybeans .  

Assumption 4 p l a c e s  t h e  d i f f e r e n c e  between corn  and soybean 

The l as t  assumption p l a c e s  a l l  c rop land  i n t o  p roduc t ion  of t h e  f i v e  major 
c rops .  A s  s tated e a r l i e r ,  t h e  p roduc t ion  o f  sugar beets  and v e g e t a b l e s  are 
economica l ly  impor tan t  i n  t h e  Bas in ,  b u t  account  f o r  l ess  t h a n  5% of  t h e  c ropland  
i n  any o f  t h e  c o u n t i e s .  

These assumptions p rov ide  seven e q u a t i o n s  i n  seven unknowns t o  ca l - cu la t e  
t h e  seven major  r o t a t i o n s  found i n  t h e  watershed:  

( C  Sb 0 W) = Oats x 4 
( C  Sb W M )  = ( . 5  ( H a y ) )  x 4 
(Permanent P a s t u r e s )  = ( 5 ( H a y ) )  x 1 
( C  Sb W) = ( (Whea t )  - (Oats + 0 . 5  Hay) )  x 3 
( C  Sb )  = ( ( l e s s e r  o f  C or Sb)  - Wheat) x 2 
i f  C Sb 
(Cont .  Sb)  = (Soybeans - Corn) x 1 
i f  Sb C 
(Cont .  Corn) = (Corn - Soybeans)  x 1 

Each r e s u l t  i s  m u l t i p l i e d  by t h e  number o f  y e a r s  i n  t h e  r o t a t i o n  and g i v e s  
t h e  average  number o f  a c r e s  i n  each o f  t h e  seven  r o t a t i o n s  j.n each county i n  
a g iven  y e a r .  Table  7 l i s t s  t h e  r e su l t s  o f  t h e  c a l c u l a t i o n s .  
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Table 7 .  Acreage of major r o t a t i o n  by county i n  t h e  Maumee River Basin.  

Permanent 
County C Sb W x C S b W  C S b O W  C S b  Cont. C Cont. Sb. Pas tu re  

Al len ,  Oh 

Defiance,  

Ful ton  

Hancock 

Henry 

Lucas 

Paul  d i  ng 

Putnam 

V a n  Wert 

W i  lli m s  

Wood 

Augl a i  z e 

Hardin 

Mercer 

H i l l s d a l e ,  M i  

Lenawee 

DeKalb, Ind -  

Allen 

74,025 

86,650 

65,775 

160,650 

99 ,375 

31 , 575 
75,525 

105 ,975 

82,800 

84,825 

150,225 

26,100 

86,850 

19,950 

2,545 

113,200 

20,700 

63,750 

18,500 

13,200 

17,500 

25,000 

20,700 

6,100 

12,900 

31,900 

13,200 

23,700 

34 ). 300 

42,800 

29,400 

50,400 

57,146 

39,300 

25,200 

29,000 

28,000 

43,600 

22,200 

27,200 

36,300 

6,400 

73,600 

35,200 

40,400 

34,800 

60,800 

54,800 

45,200 

83,600 

33,520 

54,000 

25,200 

55,200 

46,500 

-- 
48,900 

32,700 

60,500 

27,800 

8,500 

44,600 

78,000 

30,500 

66,800 

50,840 

64,700 

75 700 

1,660 

49,980 

40,400 

81,800 

3,700 

35,150 

-- 

26,550 

8,700 

7,150 

31,600 

26,200 

22,400 

-- 

5,900 

-- 

9,100 

-- 
-- 

-- 
-- 
-- 

4,625 

3,300 

4 , 375 
6,250 

5,175 

1,525 

3,225 

7,975 

3,300 

5,925 

8,575 

10,700 

7,350 

12,600 

14,287 

9,825 

6,300 

7,250 
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4 . 1 4  T i l l a g e  p r a c t i c e s  and t iming  o f  f a r m  operat i .ons 

The n a t u r e  and t i m i n g  of t i l l a g e  o p e r a t i o n s  i n  t h e  Maumee River Bas in  
are i n f l u e n c e d ,  as t h e y  are anywhere, by t h e  n a t u r e  o f  t h e  s o i l s ,  weather  
p a t t e r n s  and p r e v a i l i n g  popular  n o t i o n s .  Most s o i l s  are w e t  and d i f f i c u l t  t o  
t ill  dur ing  t h e  s p r i n g .  S ince  c rop  y i e l d s  are s i g n i f i c a n t l y  reduced  by l a t e  
p l a n t i n g  most farmers t a k e  t h e  o p p o r t u n i t y  o f  d r y  fa11 weather  t o  plow t h e i r  
l a n d  and reduce  t h e  r i s k  o f  l o s s e s  due t o  a w e t  s p r i n g . .  The moldboard plow 
i s  by f a r  t h e  predominant t i l l a g e  implement. 

USDA-SCS D i s t r i c t  C o n s e r v a t i o n i s t s  were surveyed  i n  a n  ear l ie r  s t u d y  
o f  e r o s i o n  i n  t h e  Maumee River Basin (Maumee Level  B s tudy  Eros ion  and 
sed imen ta t ion  t e c h n i c a l  r e p o r t ,  1975) as t o  t h e  e x t e n t  o f  common t i l l a g e  p r a c t i c e s  
i n  each  county  i n  t h e  Bas in .  Table  8 l i s t s  t h e  results o f  t h a t  su rvey .  Some 
changes i n  t h e  o r i g i n a l l y  pub l i shed  t a b l e  have been rnade as a r e s u l t  o f  
f u r t h e r  i n t e r v i e w s  t aken  du r ing  t h i s  s t u d y  w i t h  agronomis ts  familiar w i t h  t h e  
Bas in .  

It  i s  appa ren t  t h a t  conven t iona l  f a l l  t i l l a g e  w i t h  t h e  moldboard plow 
i s  by f a r  t h e  dominant p r a c t i c e  w i t h  60% of  t h e  c rop land  i n  t h e  Bas in  be ing  
t i l l e d  i n  t h i s  manner. With t h e  emergence o f  powerful  t r a c t o r s  capable  o f  
plowing more l a n d  a t  a ve ry  h igh  ra te  o f  speed it i s  a l s o  appa ren t  t h a t  t h e  
pe rcen tage  o f  f a l l  plowed l a n d  w i l l  con t inue  t o  grow f o r  a t  l ea s t  s e v e r a l  y e a r s .  

The t h i r d  column r e p r e s e n t s  a form o f  t i l l a g e  which i s  growing r a p i d l y  
i n  t h e  Maumee Bas in ,  and i s  u s u a l l y  a p p l i e d  on l a n d  t o  be p l a n t e d  t o  w i n t e r  
wheat fo l lowing  soybeans.  This  system i s  growing i n  p o p u l a r i t y  because it i s  
accomplished r a p i d l y  and pe rmi t s  e a r l i e r  p l a n t i n g  o f  wheat. The system i s  
also amenable t o  t i l l - p l a n t  systems i n  which t i l l a g e ,  f e r t i l i z a t i o n  and p l a n t i n g  
are accomplished i n  a s i n g l e  o p e r a t i o n .  Unfo r tuna te ly  t h e r e  i s  some q u e s t i o n  
as t o  whether or no t  t h i s  form of  reduced t i l l a g e  reduces  s o i l  l o s s .  Approxi- 
mate ly  30% of  t h e  soybean r e s i d u e  i s  i n c o r p o r a t e d ,  and l e a v e s  a mulch o f  o n l y  
about  1600 l b s / a c r e  o r  approximate ly  30% s u r f a c e  coverage.  Mannering (1977) 
has  r e p o r t e d  t h a t  low pe rcen tages  o f  r e s i d u e  cover  i n  f a l l  reduced t i l l a g e  
systems may be l e s s  e f f e c t i v e  i n  c o n t r o l l i n g  s o i l  l o s s  t h a n  conven t iona l  f a l l  
t i l l a g e  due t o  t h e  o f f s e t t i n g  e f f e c t  of  roughness o b t a i n e d  i n  plowing.  

4 . 1 5  L ives tock  

Table 9 summarizes l i v e s t o c k  p roduc t ion  i n  Maumee River  Bas in  c o u n t i e s ,  
Mercer county  i s  t h e  major  p o u l t r y  p roduce r ,  wh i l e  Fu l ton  county  i s  t h e  major 
c a t t l e  ( p r i m a r i l y  d a i r y )  and swine p roduce r .  Most l i v e s t o c k  o p e r a t i o n s  i n  
t h e  Bas in  a r e  conf ined  sys tems.  Loss o f  n u t r i e n t s  from improper hand l ing  o f  
wastes can be a l o c a l i z e d  problem b u t  does not  appear  t o  g r e a t l y  c o n t r i b u t e  
t o  n u t r i e n t  l o a d s  i n  t h e  Maumee B a s i n .  

k.16 P o i n t  sou rces  

Urban and r u r a l  domest ic  l a n d  use  has  been s t u d i e d  e x t e n s i v e l y  by o t h e r s  
(TMACOG Sec.  208, Maumee Level  R s t u d y ,  LEWMS) and w i l l  no t  be d i s c u s s e d  h e r e .  
The major  p o i n t  sou rce  d i s c h a r g e s  above W a t e r v i l l e  are a t  F o r t  Wayne and L i m a .  
The c i t y  o f  Toledo i s  t h e  major  p o i n t  sou rce  i n  t h e  Basin b u t  i s  not  i nc luded  
i n  W a t e r v i l l e  l o a d i n g s  s i n c e  it l i e s  below W a t e r v i l l e .  Toledo ' s  i n p u t  o f  
n u t r i e n t s  must be cons ide red  a major source  o f  n u t r i e n t s  t o  t h e  Western Basin 
of Lake E r i e  because  o f  i t s  p rox imi ty  t o  t h e  l a k e .  
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Tab le  8 . T i l l a g e  f r a c t i o n s  used  i n  t h e  Basin ( %  of County) 

1 2 3 4 5 

A l l e n ,  Oh 

D e  f i anc e 

F u l t o n ,  Oh 

Hancock, Oh 

Henry, Oh 

Lucas,  O h  

Pau ld ing ,  Oh 

Putnam, Oh 

Van Wert, Oh 

I T i l l i a m s ,  Oh 

wood, oh 

Augla i  ze  , Oh 

Hardin ,  Oh 

Mercer, Oh 

H i l l s d a l e ,  M i  

Lenawee, M i  

D e  Kalb, Ind.  

JUlen ,  Ina .  

Adams, I n d .  

39 

10 

40 

10 

28 

25 

5 

30 

20 

15 

1 0  

54 

38 

34 

70 

39 

40 

1 0  

35 

50 

89 

50 

6 5  

70 

6 5  

P5 

50 

55 

2 5  

69 

40 

GO 

62 

27 

50 

45 

6 0  

G O  

10 

0 

9 

5 

0 

10 

0 

1 5  

3 

0 

20 

5 

1 

3 

2 

5 

0 

20 

3 

1 

1 

1 

5 

0 

0 

0 

'5 

2 

0 

1 - 

1 

1 

1 

1 

1 

5 

2 

2 

0 

r3 

3 

15 6. 

2 2. 

0 

r) 

i) 

20 4. 

0 

0 

0 

0 

0 

0 

5 5. 

10 3. 

J 1. 

0 

0 

~ ~~ ~ ~~ 

1. Convent iona l ,  Sp r ing  Plow, P l a n t ,  C u l t i v a t e  
2. Convent iona l ,  F a l l  Plow, P l a n t ,  C u l t i v a t e  
3. Disk,  P l a n t ,  C u l t i v a t e  (minimum t i l l a g e )  
4 .  No t i l l a g e  
5. Other  firms of minimum t i l l a g e  (1 - c h i s e l  plow, d i s c  and p l a n t ,  2 - f a l l  

c h i s e l  plow, 3 - c h i s e l  plow, 4 - f a l l  c h i s e l  plow, 5 - f i e l d  c u l t i v a t e ,  
6 - f a l l  and s p r i n g  c h i s e l  plow) 



Table 9 . Intensive Livestock Operations by County, 1969 

PSA 4.2 

Indiana 
Adam 
” llen 
De Kalb 

“hi0 
A1 1 en 
&&ai ze 
2efiance 
’ulton 
r ancock 
Henry 

Mercer 
Paulding 
Putnam 
Van Wert 
Williams 
Wood 

- U C Y S  

Estimated Livestock Total Estimated Animal Waste 
P o u l t r y  Cattle 

No. 
Farms 

24 

1 

7n 
-;I 

a 
2 
3 

19  
7 
8 
1 

29 
2 

1 5  
4 
5 
3 

No. 
Number Farms 

176,372 
20,000 
68,500 
316,361 
130,384 
189,826 

10,000 
716,834 

20,000 
200,132 

46,600 
55,500 
43,760 

3: 
p3 

7 3  
122 

32 
21 
11 
34 

A 
28 

4 
66 
59 

Number 

3,978 

6,061 
8,107 

6,286 
8,141 
3,507 

27,060 
6,895 
5,086 
2,534 
4,856 

957 
4,801 

400 
12,458 
11,040 

Swine 
No. 

Farms 

87 
87 
40 

41 
70 
28 

111 
43 
31 
17 

121 
5 

72 
23 
38 
22 

Wet Lbs/Day 
?Tuber Poultry rattle Swine 

29,851 148,924 198,900 298,510 

3,100 303,050 129,820 
31,828 8?, 599 495,350 318,280 
12,982 

12,316 
24,647 
12,529 
45,209 
16,131 
10,759 

5,549 
39,166 

1,779 
23,846 

6,461 
1 4  , 557 

8,838 

54,675 
6,200 

21,235 
98,072 
40,419 
58,846 

3,100 
222,218 

62,040 
6,200 

14,446 

13,565 
17 205 

314,300 
1~07,050 
175,350 

1,353,000 
341+ ,750 
254 , 300 
126,700 
242,800 

47,850 
249,050 

20,000 
622,900 
522,000 

123,160 
246,470 
125,290 
452,090 
161,310 N 

107,590 I 
55,490 

391,660 
1 7  , 790 

238,460 
64,610 

145,570 

I 

Iu 

88,380 

To Convert From To 
Pounds (lb) Kilograms (kg) 

Mul t ip ly  By 
0.454 
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4.2 S o i l s  i n  t h e  Maumee River  Bas in  

The s o i l s  o f  t h e  Maumee River  Bas in  are developed under g l a c i a l  d e p o s i t s  o f  
r e c e n t  o r i g i n .  
less  t h a n  8000 y e a r s  ago.  

The l a s t  phases  o f  t h e  l a t e  Wisconsin g l a c i a l  p e r i o d  occur red  
S o i l  p a r e n t  materials can be d i v i d e d  i n t o  f o u r  groups :  

- g l a c i a l  till a s s o c i a t e d  w i t h  t h e  v a r i o u s  moraines i n  t h e  Bas in  and a l s o  
i n t e r m o r a i n a l  areas 

- l a c u s t r i n e  sed iments  i n  t h e  Lake P l a i n  r e g i o n  

- beach r i d g e s  a s s o c i a t e d  w i t h  t h e  g l a c i a l  Lake Maumee 

- stream a l l u v i a l  d e p o s i t s  

F igure  3 (Black  Creek s t u d y ,  19731 shows t h e  d i s t r i b u t i o n  o f  major  s o i l  a s s o c i a t i o n s  
i n  t h e  Bas in .  The Morley-Blount-Fewamo and Blount-Pewamo a s s o c i a t i o n s  account  
for t h e  g r e a t e s t  ac reage  o f  s o i l s  i n  t h e  Bas in .  Formed i n  g l a c i a l  till, t h e y  
occur  a long  t h e  pe r ime te r  o f  t h e  Basin and c o n s t i t u t e  t h e  more s l o p i n g  r e g i o n  
of t h e  watershed .  The Hoytville-Toledo-Napanee a s s o c i a t i o n  occur s  i n  t h e  
c e n t r a l  b a s i n  and are  formed from till and l a c u s t r i n e  materials. I n  t h e  c e n t e r  
of t h e  Bas in ,  t h e  Paulding-Latty-Roselms a s s o c i a t i o n  occurs  i n  t h e  Lake P l a i n .  
Table  10 i d e n t i f i e s  t h e  major s o i l  se r ies  and t h e i r  pe rcen tages  i n  t h e  e n t i r e  
Bas in  and i n  t h e  Ohio area. The Maumee Level  B Eros ion  and Sedimenta t ion  
Technica l  r e p o r t  grouped s o i l s  i n  t h e  Bas in  i n t o  50 s o i l  r e s o u r c e  groups ( S R G ) .  
These are g iven  i n  Table  11. 

4 . 3  Loading R e s u l t s  

4 .31  Overview 

F i g w e s  4-7 g i v e  hydrographs f o r  t h e  Maumee and Por t age  R ive r s  and one o f  
t h e  Black Creek Watersheds.  The f l a s h i e r  n a t u r e  o f  t h e  Black Creek watershed  
i s  due t o  i t s  smaller d ra inage  area and h i g h e r  pe rcen tage  o f  s l o p i n g  s o i l s .  

Tab le  l z p r e s e n t s  t h e  t o t a l  ( a l l  p o l l u t i o n  s o u r c e s )  annual  sediment  and 
n u t r i e n t  l o a d i n g  and unit area y i e l d s  f o r  a l l  s tudy  watersheds i n  t h e  Maumee 
and Por t age  River  b a s i n s  i n c l u d i n g  t h e  Black Creek watershed  subbas in  and t h e  
expe r imen ta l  p l o t s  i n  Defiance and Wood Count ies ,  Ohio. The l o a d i n g  f o r  t h e  
Maumee does not  i n c l u d e  any of t h e  p o i n t  or d i f f u s e  l o a d i n g  from t h e  C i t y  of 
Toledo o r  t h e  d ra inage  below t h e  gauging s t a t i o n  a t  W a t e r v i l l e .  

Tables 1 3  th rough  16 p r e s e n t  t h e  monthly l o a d i n g  rates ( m e t r i c  t o n n e s l d a y )  
du r ing  each  month o f  t h e  s t u d y  p e r i o d s  on t h e  Maumee, Por t age  and t h e  two 
Black Creek Watershed subbas ins .  The f i g u r e s  p r e s e n t e d  i n  t h e s e  tab les  are 
t h e  r e s u l t s  o f  t h e  a p p l i c a t i o n  o f  t h e  Beale R a t i o  Es t ima to r  method o f  c a l c u l a t i o n  
t o  t h e  chemical  measurements and cont inuous  f low r e c o r d s  a t  each  o f  t h e  sampling 
s i t e s .  

Tables  l 7 a n d  18 p r e s e n t  t h e  t o t a l  monthly and annual  l o a d s ,  f low weighted 
mean c o n c e n t r a t i o n s  and monthly and annual  t o t a l  t r a n s p o r t  u n i t  area y i e l d s  f o r  
t h e  Maumee and Por t age  River  b a s i n s .  Also  p r e s e n t e d ,  i n  t h e  l as t  t h r e e  columns 
of each  t a b l e  are t h e  mean d a i l y  f low,  bas inwide  r u n o f f  and mean basinwide 
p r e c i p i t a t i o n  f o r  each  month o f  t h e  s t u d y  p e r i o d .  
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Table  3-0- S o i l s  found wi th in  t h e  Ohio s e c t o r  o f  t h e  Maumee River  Bas in .  

Phys iographic  Nature  o f  S o i l  S e r i e s  Areal Percentage  of  Ohio Soils 
r e g i o n  Geologic Ohio P o r t i o n  E n t i r e  

Material o f  Basin Basin 

T i l l  P l a i n  Clay-loam Morley 
s e c t o r  till Blount 

Pewamo 

Lake P l a i n  
s e c t o r  

L a c u s t r i n e  Montgomery 
c l a y s  and Kings 
s i l t y  c l a y s  

C1 ay- l o  am S t .  Clair 
t ill  Nappanee 

Hoytvi l l e  
Wet z e l l  

6.0 4.4 
19.5 14.4 
11.9 8.8 
37.4 27.6 

0.5 
0.3 

0.4 
0.2 

0.8 0 . 6  

0.1 0.1 
2.2 1.6 
16.3 12.0 
1.6 
20.2 

1.2 
14.9 

Lacus t r ine  Lucas 0.5 0 .4  
c l a y s  and Fu l ton  1 . 4  1 . 0  
s i l t y  c l a y s  Toledo 2 .7  2.0 

Bono 
Broughton 0.3 0 .2  
Roselms 1.9 1 . 4  
Paulding 6.2 4.6 

16.7 12.3 
L a t t y  2.2 2.7 

Lacus t r ine  
s i l t y  c l a y  Aboite  
loams Lenawee 

L a c u s t r i n e  Digby 
s t ra t  i f  i e d  Haney 
loams and Mi l lgrove  
s i l t  loams Tuscola  

Kibbie  
Colwood 

L a c u s t r i n e  Ottokee 
sands and Tedrow 
grave  1 s G r  anby 

Wauseon 
Spinks 
B elmo re 
Nekos s a 
Oakvi 11 e 
Oshtemo 

0.7 0.5 

2.7 

4 . 6  

2.0 

3.4 
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e 10. Continued 

Physiogr ,  .uL U L ' I  S o i l  S e r i e s  Area l  Percentage  of  Ohio S o i l s  
r e g i o n  Geologic Ohio P o r t i o n  E n t i r e  

M a t e r i a l  o f  Basin Bas in  

Lacus t r ine  
two- s t o ry  
d e p o s i t s  
(loamy and 
sandy mate- 
r i a l s  over  
c l a y  till or 
l a c u s t r i n e  
c l a y s )  

T i l l  P l a i n  Ter race  
and Lake sands and 
P l a i n  g r a v e l s  
( U n d i f f e r e n t i a t e d )  

A l l u v i a l  f lood-  
p l a i n  
d e p o s i t s  

Organic 
d e p o s i t s  

M i  s c e 11 an eou s 

Total  

Rawson 
Haskins 
Mermill  
Seward 
R i m e r  

Ockley 
Thackery 
S l e e t h  
West l and  
Fox 

Defiance 
Wabash 
Genesee 
Eel 
Shoals  
S loan  
Medway 
Ross 
Walkhi 11 

Carli  s l e  
Adrian 

5 .3  3.9 

0 .3  

3.4 

0.7 

7.2 

100.0 

0.2 

0.5 

5.3 

73.7 



Table 11 S o i l  r e source  groups (SRG) i n  t h e  Maumee River Bas in  (Maumee Le,vel B Eros ion  and Sed imen ta t ion  
Technical  Report (1975) .  / 

Land C a p a b i l i t y  
Typical  Un i t s  K Acres 

SRG S e r i e s  Ohio Mich. I n d .  Texture  Slope Drainage Perm PH F a c t o r  . (1000) 

1 

2 
3 

4 

5 

6 
7 

8 

9 

10  

11 

12 

13 

1 4  

1 5  

Ockley 

Ockley 
Fox 

Morley 

M i a m i  

Rimer 
Seward 

Lande s 

Fox 

Linwood 

Shoals 

Ee l  

Blount 

Blount 

Crosby 

1-274 

IIe274 
IIe275 

IIe6BC 
I1 eBB 

IIs6B3 
11e6~2 

I I I e 9 5 3  
I I I e 9 5 3  
I I s 9 5 3  

I I s275  
111~256  

IIwl02 
11~118 
IIw228 

IIwl03 
I Iw6BB 
I I w 6 B C  

1126B2 

1-103 

I 1 ~ 6 ~ 1  

1 1 1 ~ 6 ~ 2  
11 I ~ 6 0 ~  

1-19 1-01 Medium 0-2 

I I e 0 3  Medium 2-6 
I I e 3 9  I I e 0 5  Medium 2-6 

11e06 Medium 2-6 
11e09 

11e29 IIeOl Medium 2-6 
IIeOl 
I I I e 0 5  
I I e l 2  Sandy 2-6 

Sandy 2-6 

I I I w l 3  Coarse-Med 0 

1 1 ~ 2 9  IIsOl Medium 

I I w l O  I I w l O  - 
I I s 0 5  

I I I w l 4  IIw07 Medium 

1-29 1-02 Med-Mod 
Coarse 

IIw39 Medium 

Medium 

I I w 5 9  
I Iw79 Medium 

0- 2 

0 

0 

0 

2- 6 

0-2 

2-6 

Mod Well-Well Mod Acid- 
Non A. 

Mod Well-Well Mod Ac-Non 
Well Mod 

Mod W e l l  Mod Acid 
Slow 

Mod- We1 1 ~ o d  Acid 

Poor Mod Acid 
Mod Well-Well Mod Acid 

Rapid 

Well Mod Non- 
Rapid Acid 

Well Mod Non- 
Acid 

Poor Rapid Non- 
Acid 

Poor Mod - 

Mod Well-Well Mod - 

Somewhat Poor Mod Acid 
Slow 

Somewhat Poor Slow Acid 

Somewhat Poor Mod Acid 
Slow 

.37 

.37 
* 37 

.43 

.32 

.24 

.24 

* 1 5  

.37 

0 

0.17 

0 , 4 9  

.43 

.43 

* 37 

38 

24 
79 

389 

224 

46 
30 

8 

26 

8 

53 

60 

680 

421 

5 60 

I 
Iu 
-4 



Table 11. Continued 

Land Capabi l i ty  
Typi c a1  Units  K Acres 

SRG S e r i e s  Ohio Mich. Ind. Texture  Slope Drainage Perm PH Fac to r  (1000) 

16 

17 

18 

19 
20 
21 

22 

23 

24 

25 

26 

27 

28 

Crosby 

Brookst on 

Hoyt v i11  e 

Tedrow 
R i m e r  
Wanseon 

Ockley 

Fox 

Morely 

S t .  C l a i r  

R i t  chey 

Spinke 

Spinks 

11~602 

11~608 

111~628 
~ 1 ~ 6 2 8  
11~922 
IIw952 
11~958 
IIw953 

IIw628 

I I Ie274 

1 1 1 ~ 2 7 5  

IIIe6B3 
I I I e 6 B B  

111~623 
1 1 1 ~ 6 2 3  
111e604 

II1e646 
IIs486 
111~646 

IVe855 

I I 1 e 6 ~ 8  

111e62~ 

111e855 

1 1 1 ~ 8 5 5  
111~85 5 

I Iw49  
11w69 

1 1 ~ 2 9  

I I I w 5 9  
1 1 ~ 8 9  
I I I w 6 9  

I I I e 5 9  

111e69 

111e29 
1ve19 

1 1 1 ~ 8 9  
IVe89 

I I I s59  
I V e l O  
IVe99 
IVs49 
IIIe99 
IIIs39 
I I I s49  

IIw02 Medium 
I Iw09 

I I w O l  Mod Fine 
1 1 ~ 0 6  

Fine 

Sandy 
I I w l l  Sandy 

Mod 
Coarse 

Fine 
I I I e 0 3  Med-Mod 

I I I e l 3  Medium 
111315 
111e06 Medium 

I I I e l l  Medium 

Medium 

IVel2 Sandy 

0-2 Somewhat Poor Mod Acid 
Slow 

Nearly Poor 
Level 
Nearly Poor 
Level 

Mod Non- 
Acid 

Mod Non- 
Slow Acid 

0- 2 Somewhat Poor Rapid Acid 
0- 2 Somewhat Poor Mod Acid 
Nearly Poor Mod Non- 
Level Acid 
6-12 Mod Mod - 
6- 12  Well Mod - 
6-12 Mod Well Mod Acid 

Slow 

2-6 Mod Well Slow Acid 

2- 6 Well Mod Acid 

6- 12  Mod Well-Well Rapid Acid 

.38 1,448 

.24 7 81 

.28 68 

.24 137 

.10 39 

* 37 68 

.37 I 

I 
65 r g  

.43 17  5 

* 49 37 

.37 12 

.17 32 

IIIsOl Sandy 2- 6 Mod Well Well Rapid Acid .17 116 
I I I a 0 2  
I I I e l 2  



Table 1L Continued 

Land Capab i l i t y  
Typ ica l  Uni t s  K Acres  

SRG S e r i e s  Ohio Mich. Ind .  Texture  Slope Drainage Perm PH F a c t o r  (1000) 

29 

30 

31 

32 
33 
34 

35 

36 

37 

38 

39 

40 

4 1  

42 

43 

Carlisle 

Willette 

S loan  

Nappanee 
Napp anee 
Roselms 

Ros e l m s  

P a d d i n g  

M i l l s d a l e  

Bono 

G r  an  s b y 

M i  a m i  

St. Clair  

P l a i n -  
f i e l d  
Adrian 

I I I W O O O  
I I I W - - -  
111~009 

111~108 

I I Iwl09  
IIIwlD2 
1 1 1 ~ 1 ~ 9  
1 1 1 ~ 6 2 ~  
111~622 
I1 I w 6  3B 

1 1 1 ~ 6 3 2  

I I 1 ~ 6 3 9  

I I Iw648 
VIw408 
IIIw919 

1 1 1 ~ 9 3 8  

IVe623 
IVe6B3 
IVe604 
IVe63E 
IVs935 
V I  s9 35 
I V W O O l  

IIIsl5 111~08 (Muck) 0 PGGr Ra.pid Non- 0 84 

111~16 (Muck) 0 Poor  Rapid Acid 0 33 
Acid 

I I I w l 9  
I I I w l 2  IIIw09 Mod F i n e  0 Poor  Mod Non- .22 1 2  4 

S!.ow Acid 

IIIw29 

I I I W l O  

I I I w l l  
1 ~ e 2 9  
IVe49 
IVe59 
1ve69 

Medium 2-5 
Medium 0-2 
F i n e  2- 6 

F ine  0-2 

F i n e  0 

Mod F i n e  C) 

111~06 F ine  0 
I I Iw02 

Mod Coarse 0 

1ve06 Medium 12-18 

Somewhat Poor Slow Acid 
Somewhat Poor Slow Acid 
Somewhat Poor V. Acid 

Slow 
Somewhat Poor V. Acid 

Slow 
Poor V .  Non- 

Slow Acid 
Poor  Slow Non- 

Acid 
Poor Slow Non- 

Acid 
Poor  Mod Non- 

Rapid Acid 
Mod Well-Well Mod - 

.49 

.49 

.49 

.49 

.20 

.15 

.24 

.15 

.32 

18 
1 4 4  

1 4  

38 

215 

11 

287 

60 

75 

I V e l l  Medium- 6-12 Somewhat Poor Slow Acid .49 35 
F i n e  

Very Sandy 2-6 Well Very Acid .l7 1 5  

IVw03 (Muck) 0 Poor Rapid Non- 0 22 
Rapid 

Acta 



Tab le  11. Continued 

Land C a p a b i l i t y  
Typ ica l  Un i t s  K Acres 

SRG S e r i e s  Ohio Mich. Ind .  Tex tu re  Slope Drainage Perm PH F a c t o r  (1000) 

44 Swanton IVwg35 

45 M i  ami  VIe604 

46 S t .  Clair VIe623 
VIe6B3 

47 Fairmont V I 1  s 51 

48 M i  ami  V I  Is 60 4 

49 S t .  Clair ~ I I e 6 2 3  
~ 1 1 ~ 6 2 3  

50 Sloan 

IVw49 
1 ~ ~ 2 9  
IVw39  
v1e29 
V I  s 19 
~ ~ e 4 9  

v11e29 
VIIe39 
V I I s l 9  

VIIIw29 

Very Sandy 0-2 Somewhat Poor Rapid Acid 

V I e O l  Medium 18-25 Well Mod - 

Fine 12-18 Mod Well Slow Acid 

Medium 18-25 Well Mod Non- 
Acid 

V I I e O l  Medium 35-70 Well Mod - 

Fine  35-70 Mod Well - - 

- - Very Poor Med-Mod - 
Fine  

.32 23 

.32 52 

* 49 8 

.43 4 

.32 20 

I 
.49 10 

6,964- I/ 

~ ~ ~~ ~~ 

D e t a i l s  may n o t  add due t o  rounding. 
- 1/ 
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7 7 .  r1:;ure 5. Flow hydrographs for !iaur;i.ee S i v e r  a t  W a t e r v i l l e ,  1976. 

MRUMEE RIVER a 
WRTERVILLE * WY 1976 

I 
L i  
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F i g u r e  6 . Flow hydrographs fQr P3rtyage P i v e r  a t  Wooavi i le, i r) ( / .  

PORTRGE RIVER a 
WOODVILLE * WY 1976 
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TABLE 22 TOTAL LOADS AND UNIT AREA YIELDS Fon ALL STUDY ARM WATERSIIEDS 

WATERSIIED 

MAUI.IEE 

PORTAGE 

Black Creek 
S i t e  2 

Ulnck Creek 
S l t e  6 

l’J.OT 111 
(Itoselnts) 

PLOT 201 
(Roselms ) 

PJ.0C 301 + 302 
(Lennwce) 

i x o r  401 + 402 
( n  iourlt)  

PLOT 501 + 502 
(I’nu 1 d 1 n g )  

ri.o’cs 611 to 682 
(i loytvil le) 
(Nean of a l l  p lo ts )  

1975 
19 76 

1975 
is76 

1975 
1976 

1975 
19 76 

1975 
1976 

1975 
1976 

1975 
1976 

1975 
1976 

1975 
1976 

1975 
1976 

DISSOLVED PIIOSI’IIORUS 
TOTAL LdAU YIELD 

(KT/Y R) (KC/IIA/Y R) 

561. 0.342 
399. 0.2113 

39.3 0.35 
26.4 0.24 

0.188 0.199 
0.070 0.075 

0.123 0.173 
0,085 0.119 

1.92(-4)* 0.06 
6.40(-4) 0.20  

6.50(-5) 0.11 
6.50(-5) 0.11 

4.0(-5) 0.05 
9.6(-5) 0.12 

7.2(-5) 0.08 
1.53(-4) 0.17 

1.5(-4) 0.15 
2.9(-4) 0.29 

1.2(-5) 0.29 
1.2(-5) 0.29 

3.440. 2.10 
2.505. 1.53 

160.6 1.115 
92.5 0.83 

6.2 6.60 
0.70 0.72 

3.7 5.06 
0.40 9.619 

2.9(-3) 0.92 
7.8(-3) 2.43 

9.2(-4) 1.54 
1.1(-3) 1.79 

7.5(-4) 0.94 
2.2(-4) 0.27 

1.3(-3) 1.40 
3.0(-3)  3.38 

2 . 3 ( - 3 )  2.33 
4.6(-3) 4.58 

- - 
3.2(-5) 0.81 

SEDltIENT 
(m/*H) (KG/llA/YR) 

iDco9,9a9. 982. 
1,509.105. 920. 

105,251. 949.1 
40.7 2 7. 367.2 

2,864. 3.040. 
237. 251. 

2,800. 3,922. 
208. 291. 

5.71 1783. 
11.87 3710. 

3.05 5003. 
1.38 2293. 

0.125 156. 
0.614 768. 

0.914 1016. 
3.29 3661. 

4.67 4672 
4.52 4518 

4 . 8 ( - 2 )  1192. 
3 . 3 ( - 3 )  82, 

(N ITMTE-NITRITE) N 
(W/Yn) (KC/~IA/Y R) 

31,864. 19.3 
12,207. 7.4 

2,167. 19.5 
139. 6.66 

15.8 16.82 
3.4 3.62 

5.1 7.06 
1.0 1.46 

7.2(-3) 2 .24  
7.2(-2) 22 .41  

3.3(-3) 5.52 
4.9(-3) 8.22 

8.7(-3) 10.88 
4.6(-3) 5.77 

0 . 3 ( - 3 )  9.25 
1.3(-2) 14.49 

7.5(-3) 7.50 
1.5(-2) 15.37 

7.4(-4) 18.59 
5.2(-4) 13.08 

DRAINAGE 
AREA (SURFACE) 

(IN) 

1,639,500. 

110,900. 

942. 

714. 

I 
W 

I 
3.2 ul 

0.6 

0.8  

0 . 9  

1.0 

0.04 

. _  
*1.92(-4) - 1.92 x 



1 9 7 5  JAN* 

FEB' 

MAR* 

APR 

HAY 

JUN 

J U L  

AUG 

S&P 

o m  
NOV 

DICC 

Y MI? 

1976 J A N  

FI:D 

E!AK 

APN 

EIAY 

J U N  

.1UL 

AUC 

SEP 

OCT 

NO V 
1)EC 

Y 6 A n  

TOTAL riiosi'iioius 

PIEAN DALLY STANDARD 
LOAD ERROR 

(NT/DAY) 

TABLE 13 LOADING RATES AND STANDARD ERRORS: 

MAUMEE RIV'ER 61 VATERVILLE 
SUSPENDED SEDT E w r  __ - 

MEAN D A I L Y  STANl)AHD 
1.0AD EBUOR 

(MTID AY 

DISSOI.VED PIlOSPllORUS /1- b I h N  DAILY STANDAIID 

WI"I'DAY) 

NEAN DAILY 
Lorn 

(tIT/I)AY) 

2.0  

3.50 

2.74 

1.354 

1 .784  

2.074 

0 .483  

0.24 7 

1 . 1 7 8  

0.318 

0.314 

2 .  t 0 4  

W A N  D A I L Y  STANDAIIU STAIlUARD 
ERROR 

(NT/DAY) 

1 . 8 5 1  

0 .246  

1.392 

rJ . 40 7 

0.54 3 

0.359 

0 .245  

0.100 

0.106 
0.078 

0.026 

0.088 

0 . 0 3 0  

0.081 

0 . 0 3 8  

0 .  Obb 

0 . 0 2 1  

0.020 

0 . 0 2 8  

0.050 

0.074 

0 . 0 4 0  

0.702 

0 . 0 3 5  

0 . 0 3 1  

0 .064  

0 .019  

0 .024  

0.007 
0 .002  

0.01.4 

0 .004  

0 .009  

23.9 

2 7 . 1  

8 . 6 2  

4.81 0.104 

11 .60  1.01 

0.86 0 .994  

1 . 9 5  0 .085  

0. 7 7 1  0 .027 

3 . 4 6  0.009 

1.11 0.046 

1 .-17 0 .172  

20.84 2 . 4 1  

3 .69  

52 .49  

2 1 . 3 3  

1.18 
2.308 

1 .295  

0.748 

0 . 2 8 5  

0.235 

0.330 

0 . 1 2 8  

0 .279  

0 .196  

2 . 5 1  

1 . 5 1  

0 .084  

0 .149  

0 . 0 2 6  

0 . 0 2 3  

0.010 

0.004 

0.024 

0.004 

o.ooI1 

11546.  

9967. 

2 1 0 2 . .  

2 1 6 7 . 1  

6012.7 

5425.5  

1 1 0 9 . 0  

325 .9  

101 2 . 9  

304 .9  

1 5 3 . 9  

12975:6 

3 8 7 . 6  

34790.8  

1 3 5 2 6 . 2  

475.2 

8 5 0 . 5  

4 5 3 . 1  

236.2 

7 8 . 9  

4 9 . 6  

80.3 
11.6 
17.3 

1 6 0 . 2  

800.6 

760.2  

8 3 . 9  

1 7 . 2  

70.0 

9 . 8 2  

14 .0  

2 2 1 5 . 7  

58.7 

3101.9  

1 4 1 1 . 3  

4 5 . 6  

75.2  

1 2 . 8  

6 . 2 6  

3.63 
1.93 

26 .6  

0. a 2  

1 . 6 4  

187. 
188. 

1 O G .  

110.8 

1 3 4 . 2  

1 4 8 . 2  

1 6 . 6  

4 .57  

1 5 . 0  

9 . 0 3  

7.49 

1 2 2 . 4  

35 .7  

2 3 2 . 3  

39.5 

21 .6  

39 .9  

29.4 

8 . 9 0  

0 .819  

0,075 
0.110 

0 .441  

1 . 6 1  

2.05 
5.44 

3.17 

1 . 8 8  

0 .128  

0.162 

0 . 4 4 3  

0 . 5 5 6  

1 . 8 8  

1 .90  

21 .15  

7.37 
1 . 9 2  

1 . 6 6  

1.50 
0 . 5 1 0  

0.076 
0.000 

0.039 

0 . 0 4 1  

0.168 

5 . 8 2  

6.93 

6 .44  

2 .057  

2 . 1 8 5  

1 . 0 0 7  

0 . 6 6 9  

0 . 4 2 5  

1 . 3 2 0  

0 . 7 9 8  

0 . 3 4 8  

2 .622  

6 . 0 8 6  

19.08 
3.044 

1 . 4 0 3  

0 . 8 9 8  

0.683 

0 . 3 1 5  

0 . 1 9 7  
0.078 

0.131 

0 . 1 3 4  

0 . 2 4 8  

0 . 2 5 9  

0.550 
0.194 

0 . 9 7 5  

0 .104  

0 . 0 9 9  

0 . 0 6 2  

0 . 0 6 6  

0 . 1 5 5  

0 . 3 9 3  

1.51 
0 .252  

0 . 3 5 8  

0.247 

0.054 

0 .032  

0.031 

0.006 

0.017 

0.018 

0 . 0 2 9  

I 
W 

I 



TABLE13 (continued) 

ElLAN DAILY STANDAIII) 
EIUIOR 

(HT/DAY) 

MAUMEE RIVER a WATERVILLE 

klEAN DAILY STANDARD ElEAN DAILY STANDARD HEAN DAILY STNlUARD W A N  D A I L Y  STAN1)ARD 
LOAD mmon LOAD ERllOR 1.0u ERllOK LOAD En w R  

Oll ’ /bAY)  ( W / D A Y  ( t r r m u  ) (MT/L)AY) 

I DIGSOLVED YIIOSI’IIORUS I TOTAL I’JIOSYIIORUS I SUSPENDED SEDIElENT 1 NITRA\TE-INITI(ITE - N 1 AtV4ONIA - N I 

I 
w 
--.1 
I 



TABLE 14 LOADING RATES AND STANDARD ERRORS: 

DISSOLVED TllOSPllORUS I TOTAL PIlOSPllORUS I SUSPENDED SEDIMENT 

STANDARD 
ERROR 

1975 JAN 

FEE 

MAR 

APR 

MAY 

J UN 

J U L  

AUC 

S EP 

OCT 

NO V 

D EC 

YEAR 

1976 JAN 

FED 

MAR 

AYR 

HAY 

JUN 

J U L  

AUC 

S E P  

OCT 

NOV 

DEC 

Y EAK 

N I T R A T E + N I T R I T E  - N 

MEAN DAILY STANDARD MEAN DAILY STANDARD 
LOAD ERROR LOAD EIUOR 

ANMONIA - N 

(HT/DAY (HT/DAY 

PORTAGE RIVER 3 WOODVILLE 

0.178 

0.241 

0.129 

0.071 

0.158 

0.120 

0.024 

0,016 

0.172 

0.045 

0.015 

0.135 

0.198 

0.495 

0.023 

0.026 

0.050 

0.019 

0.017 

0.014 

0.008 

0.006 

0.012 

0.035 

0.013 

0.019 

0.015 

0.005 

o.ni: 
0.010 

0.002 

0.001 

0.007 

0.003 

0.003 

0.007 

0.005 

0.044 

0.001 

0.002 

0.004 

0.001 

0.001 

0.001 

0.0003 

0.001 

0.001 

0.002 

0.885 

1.13 

0.236 

0.101 

1.181 

0.291 

0.0f14 

0.027 

0.330 

-0.138 

0.051 

0.909 

0.t113 

2.316 

0.077 

0.051 

0.155 

0.048 

0.036 

0.026 

0.027 

0.008 

0.016 

0.043 

S T A N D A M  NEAN DAILY 
ERROR 

0.063 

0.088 

0.015 

0.008 

0.122 

0.016 

0.004 

0.003 

0.016 

0.024 

0.017 

0.142 

0.030 

0.168 

0.009 

0.002 

0.029 

0.005 

0.001 

0.002 

0.002 

0.001 

0.001 

0.002 

450.5 

546.6 

63.9 

9.04 

1022.4 

129.0 

6.67 

4.07 

836.5 

30.4 

2.61 

421.7 

101.7 

1185.9 

26.6 

5.18 

75.2 

13.2 

7.17 

5.68 

7.25 

0.47 

0.26 

0.724 

58.9 

72.8 

10.6 

0.92 

161.6 

17.5 

0.97 

0.27 

305.2 

6.03 

1:30 

92.5 

16.8 

200.6 

5.79 

0.38 

30.9 

4.05 

0.43 

1.28 

0.72 

0 .  o m  
0.036 

0.353 

12.94 

20.61 

5.57 

2.93 

12.48 

6.14 

0.091 

2.32 

1.71 

0.31 

7.18 

3.45 

14.52 

1.35 

0.99 

3.60 

0.862 

0.072 

0.084 

0.048 

0.047 
0.153 

0.171 

0.319 

0.340 

0.404 

0.136 

0.650 

0.504 

0.016 

0.121 

0.100 

0.12 

0.42 

0.23 

1.00 

0.060 

0.44 

(1.416 

0.104 

0: 014 

0.010 

0.004 

0.006 

0.011 

0.006 

0.298 

0.388 

0.159 

0.036 

0.227 

0.100 

0.010 

0.112 

0.044 

0.017 

0.159 

0.616 

0.824 

0.058 

0.051 

0.058 

0.028 

0.012 

0.012 

0.009 

0.002 

0.008 

0.106 

0.066 

0.052 

0.039 

0.004 

0.026 

0.029 

0.001 

0.019 

0.005 

0.002 

0.017 

0.030 

0.031 

0.017 

0.007 

0.011 

0.004 

0.001 

0.001 

0.001 

0.0004 

0.002 

o.ons 

1 
w 
0 2  
1 



TABLE 14 (continued) 

NlTFiATEtNITKITE - N DISSOLVED I'IIOSPIIORUS TOTAL PllOSPllORUS SUSPENDED SEDINENT 

tlEAN DAILY STANDARD W A N  DAILY STANDARD MEAN DAILY STANDARD 
ERROR LOAD ERROK LOAD 7- 

(ETtIDAY) (rrr/DAY) (tlT/DAY) (tSr/DAY - 

PORTAGE RIVER 8 WOODVILLE 
AMMONIA - N 

MEAN DAILY STAN1)AHD 
LOAD ERKOR 

(KC/DAY 

NAY 0.005 0.002 0 .250  0 . 0 2 3  70 .8  1.3.9 
Jl lN 0 .025  0.001 0 . 0 4 2  0 . 0 0 2  1 . 2 1  0 . 0 5 0  

JUL 

AUC 

SEP 

OCT 

NOV 

D KC 

YEAR 

5 . 9 9  0 . 1 8  0.051 0 . 0 2 5  

0 .067  0.007 0.010 0.001 
I 

W 
\D 
I 
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TABLE 17 MONTHLY TOTAL LOAD, FLOW WEIGHTED HE.W CONCENTRATION UNIT -&E.\ Y I Z L D ,  

MEAN FLOW, RUNOFF AND PRECIPITATION: PUUXECI RIVER AT WATZXVILLE 

IMUMEE R I V E R  AT lJATERV I L E  

1975 JAN 

FEB 

U R  

APR 

HAY 

JUN 
m 
AUG 

SEP 
OCT 

xov 
DEC 

YEXR 

1976  JAN 

FEB 

MAR 

APR 

MAY 

.n?a 
JUL 

AUC 

SEP 

OCT 
h’ov 
DEC 

YEAR 

1977  JAN 
FEB 

KAR 

APR 

pt4Y 

m 
YEAR 

62 .O 

98.0 

04.9 

40.6 

55.3 

62.2 

15.0 

7.7 

35.3 

9.9 

9.4 

80.7 

561.0 

5 7 . 4  

239.1 

43.1 

12.2 

16.8 

LO. 8 

7.6 

3.1 

3.2 

2.5 
0.79 

2.8 

399.4 

3.7 
30.8 

98.4 

00.7 

29.5 

6.1 

0.087 

0.106 

0 . 1 4 1  

0.090 

0.103 
0.116 

0.093 

0.046 

0: 1 6 0  

0.089 

0.084 

0.129 

0.155 

0.. 117  

‘0.045 

0.055 

0.079 

0.082 

0.094 

0.076 

0.152 

0.064 

0.030 

0 .072  

0.154 
0.358 

0.094 

0.093 

0.082 

0.127 

0 .038  

0.060 

0.052 

0.025 

0.033 
0.038 

0.009 

0.005 

0.022 

0.006 

0.006 

0.049 

0.342 

0.035 

0.146 

0.026 

0.007 

0.010 

0.007 

0.005 

0.002 

0.002 

0.002 

0.0005 

0.002 

0.243 

0.002 
0.024 

0.060 

0.049 

0.019 

0.004 

740.9 

758.8 

267.2 

144 .  4 

359.6 
265.9 

60.4 

24.1 

103 .3  

34.L 

35.0 

6L5.9 

3440.4 

114.5 

1522.3 

661.3 

35. : 
71.5 

38. a 
23.2 

8.8 

7.0 

10.2 

3.8 

8.6 

2505.3 

4.8 

55.6 

724.9 

940.4 

190.5 

1 6 . 8  

1 .044  

0.824 

0.445 

0 .321  

0.670 

0.497 

0.376 

0.144 

0.471 

0.308 

0.313 

1.03 

0.309 

0.744 

.6a4 

0.160 

0.338 

0.297 

0.287 

0.216 

0.335 

0.265 

0.146 
0.227 

0.199 

0.513 

0.692 

1.082 

0.528 

0.350 

0.452 

0.463 

0.163 

0 .  oaa 
0.219 

0.162 

0.037 

0.015 

0.063 

0.021 

0 .021  

0.394 

2 .10  

O . O i 0  

0.929 

0.603 

0 .022  

0.04L 

0.024 

0.287 

0.005 

0.004 

0.006 

0.002 

0.005 

1.53 

0.903 

0.034 

0.442 

0.573 

0.116 

0.010 

357926. 

277076.  

65131. 

65015.  

186393.  

162766. 

3 6 u j a .  

10104.  

30387. 

9452. 

4617.  

402223. 

16099a9.  

12016.  

1008933.  

413313. 

14256.  

26367. 

13592.  

7321. 

2445. 

1488.  

2491. 

347. 

536. 

1509105.  

75.3 

1425 .  

~ O M .  

561919. 

94992. 

4771. 

504.3 

303.2 

108 .4  

144.4 

347.1 

304.3 

229.5 

50.3 

137.9 

04.6 

41.3 

32.4 

493.2 

433.7 

64.5 

124.6 

103.8 

90.7 

59.9 

70.7 

64.5 

13.3 

1 4 . 1  

3.1 

13.4 

360. a 
646.3 

263.2 

99.6 

218.3 

1 7 0 . 2  

39.7 

39.6 

113.7 

99.3 

22.5 

6 .2  

18.5 

5 .0  

2 . 8  
242.9 

982.  

7 . 3  

615.4 

2 5 5 . a  

8.7 

1 6 . 1  

0.3 

4.5 

1 . 5  
0 .9  

1.5 
0.2 
0.3 

920.  

0.0 

0.9 

230.6 

342.7 

57.9 

2.9 
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TABLE ?.7'(continued) 

5797. 
5264. 
3256. 
3326.- 
4160. 
4447. 

515. 
142. 
449. 
280. 
225. 

3793 

31684. 

1107 
6737 

1224. 
647. 

1239 
883. 

276. 

25.4 
2.3 
3.4 

13.2 
49.8 

12207. 

29.1 

192.3 
7511.0 
7043. 
2867. 

109.2 

8.17 
4.72 
5.47 
7.39 
7.75 
8.31 
3.21 
0.85 
2.04 
2.51 
2.01 
6.06 

2.99 
3.29 
1.27 
2.93 
5.85 
6.74 

3.42 
0.63 
0.107 
0.088 
0.507 
1.31 

1.21 

1.77 
7.20 
8.10 
7.94 
2.28 

3.54 
3.21 
2.00 
2.03 
2.54 
2.71 
0.31 
0.09 

0.27 
0.171 
0.137 
2.31 

19.3 

0.68 
4.11 
0.75 
0.40 
0.76 
0.54 

0.169 

0.016 
0.001 
0.002 
0.008 
0.030 

7.44 

0.02 

0.12 
4.60 
4.30 
1.75 
0.07 

180.4 
194.0 

199.6 
61.7 
67.7 
32.6 

20.7 
13.2 
39.6 
24.7 
10.4 
81.3 

925.9 

213.5 
553.4 

94. 4 
42.1 
27.8 
23.5 

9.8 
6.1 
2.3 
4.1 
3.4 
7.7 

985.1 

15.1 
218.2 
414.4 
107.7 
80.0 

8.7 

0.254 
0.211 
0.332 
0.137 
0.126 
0.061 
0.129 

0.079 
0.180 

0.221 
0.093 
0.130 

0.576 
0.271 
0.098 
0.190 
0.131 
0.156 
0.121 

0.150 
0.  u1 
0.105 

0.130 
0.203 

0.627 
2.01 
0.395 
0.124 
0.222 
0.182 

0.110 
0.118 

0.122 
0.038 
0.041 
0.020 
0.013 
0.008 
0.024 
o.oL5 
0.006 
0.050 

0.564 

0.130 
0.338 
0.058 
C.326 

0.017 
0.013 
0.006 
0.004 
0.001 

0.003 
0.002 
0.00; 

0.601 

0.009 
0.133 

0.253 
0.066 
0.049 
0.005 

266.2 
382.0 
225.3 
i74.6 
201.4 
207.3 

60.2 
62.8 
85.4 
41.9 
43.3 

234.7 

151.0 

139.0 
849.6 
362.8 

85.7 
79.4 
50.8 

30.3 
15.3 

8.16 
14.5 
10.1 
14.3 

159.2 

9.03 
45.0 

393.1 
337.0 
135.3 

18.6 
54.8 

4.34 
5.64 
3.68 
2.77 
3.30 
3.28 
0.99 

1.04 
1.35 

0.69 
0.69 

3 . 8 4  
31.59 

2.26 

12.98 
5.92 
1.3 

1.30 
0.81 

0.48 
0.25 
0.13 
0.73 
0.51 
0.72 

27.44 

0.14 
0.66 
6.39 
5.30 
2.20 
0.29 
2.34 

6.48 
6.40 
5.60 
7.01 

9.32 
12.  40 

9.36 
15.60 

6.90 
5.22 
6.35 
6.34 

97.52 

6.44 
7.32 
8.06 
5.39 
6.57 

8.83 
7.90 
4.34 
6.64 
6.23 
1.44 
2.07 

71.26 



DISSOLVm I l l O R G A N I C  PHOSWORUS 

TOT". LOAD [FL'M] Y I E L D  
(XT/PERIGO) (::G/L) (KG/HA) 

5.5 
6 .3  
3 . 9  

2.2 
4.9 
3.6 
0.75 
0 . u  

5 . 1  

1 .4  

0.45 
4.2 

2 9 . 3  

6 . 1  
13.8 

0.7 
0.8 
1.6 

0.6 
0.52 
0.43 

0.23 

0.18 
0.37 
1.09 

26.4 

4.27 
14.2 

9.77 
5.63 
2.64 
0.75 

TOTAL PHOSPHORUS SUSPENDED, SEDL\IENT 
TOTAL LOAD [RJEI] YIELD TOTAL LOAD [MI YIELD 
(tTT/PERIOO) (MG/L) (KG/HA) (MT/PERIOD) (MC/L) (KC/AA) 

0.117 
0.113 
0.145 
0.170 
0 . U 4  
0.211 
0.246 
0.C26 

0.153 
0.098 
0.093 
0.100 

'0.128 
0.109 
0.014 
0.054 
0.112 

0.123 
0.170 
0.153 
0.159 

0.156 
0.277 
0.564 

0.913 
0.760 
0.109 
0.108 
0.126 
0.332 

0.050 
0.061 
0.035 
0.020 
0.044 

0.032 
0.007 
0.004 

0.046 
0.013 
0.004 
0.038 

0.354 

0.055 

0.124 
0.006 

0.007 
0.014 

0.00s 

0.005 

0.004 
0.002 

0.002 

0.010 

0.238 

0.039 
0.128 
0.088 
0.351 
0.024 
0.007 

27.4 
31.6 

7 . 1  
3.1 

36.6 
8.7 

1.4 
0.83 

9.9 

4.3 
1.5 

28.2 
160.6 

12.9 
64.8 

2.4 

1.5 
4.8 
1.4 
1-11 

0.80 
0.81 

0.24 
0.47 
1.34 

92.5 

5.80 

22.2 
34.8 
18.0 

7.7s  
1 .2s  

0.580 0.247 
0.554 0.285 
0.265 0.064 
0.243 0.028 
0.854 0.330 
0.512 0.078 
0.448 0.013 
0.045 0.007 
0.294 0.089 
0.299 0.039 
0.309 0.014 
0.737 0.254 

1.45 

0.267 0.115 

0.512 0.584 

0.043 0.022 
0.105 0.01$ 

0.349 0.043 
0.327 0.013 

0.362 0.010 

0.294 0.007 
0.558 0.007 

0.207 0.002 
0.353 
0.691 0.012 

0.834 

1.24 0.052 
1.19 0.200 
0.389 0.314 

0.347 0.162 
0.369 0.070 
0.557 0.011 

13965. 
14744 

1917 
280.3 

31693. 
3869 
206.7 
126.3 

25096. 
211.8 

78.4 
12793. 

105251. 

3154. 
33204. 

82s .  3 
155.3 

2332. 
395.5 
2 2 2 . 4  

176.0 
217.6 

14.5 
7 . 8  

22.5 
40127. 

57.4 
1855.9 

15578.1 
4601 .O 
1295.6 

36.3 

295.4 
258.3 

71.4 
21.6 

739.5 
227.0 

67.4 
6.8 

745.6 
66.0 

16.2 
33s.  

65.8 
262. 

16.4 
10.7 

169. 
89.4 
72.5 
64.7 

149.9 

12.5 
5.9 
11.6 

367.2 

12.3 
99.1 

174.2 
88.4 

104.5 
16.1 

125.9 
132.9 

17.3 
2.5 

285.8 
34.9 
1.9 

1.1 
226.3 

1.9 
0.7 

115.4 
949.1 

28.4 
299.4 

7.4 
1.4 

21.0 
3.6 
2.0 
1.6 
2.0 

0.1 

0.2 

0.5 
'0 :7 

L40.5 
41.5 
11.7 
0.3 
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TABLE 18 (continued) 

401.1 

577.1 

167.2 

90.9 

386.9 

184.3 

2.8 

69.6 

53.0 

9.9 

222.4 

2167. 

107.0 

406.6 

41.8 

28.3 

111.6 

25.9 

2.23 

2.59 

1.44 

1.49 
4.58 

5.30 

739. 

8.&9 

10.11 

u.23 

7.02 

9.03 

10.81 

0.l5 

2.07 

3.71 

2.04 

5.82 

2.23 

3.21 

0.83 

1.95 

8.08 

5.85 

0.73 

0.95 

0.99 

1.25 

3.47 
2.75 

3.61 

5.20 

1.51 

0.82 

3.49 

1.66 

0.03 

0.63 

0.48 

0.09 

2.01 

19.54 

0.96 

3.67 

0.33 

0.26 

1.01 

0.23 

0.20 

0.02 

0.01 

0.01 

0.005 

6.66 

9.2 

10.9 

4.8 

1.1 

7.0 

3.0 

0.3 

3.4 

1.4 

0.5 

4.9 

47.9 

19.1 

23.1 

1.8 

1.5 

1.5 

1.8 

0.8 

0.38 

0.37 

0.28 

0.06 
0.234 

3.27 

52.7 

0.195 

0.190 

0.177 

0.086 

0.164 

0.027 

0.016 

0.100 

0.096 

0.103 

0.129 

0.398 

0.182 

0.036 

0.106 

0.106 

0.130 

0.192 

0.124 

0.136 

0.190 

0.051 

0.177 

1.69 

0.080 

0.100 

0.043 

0.010 

0.063 

6.48 

0.003 

0.031 

0.013 

0.005 
0.044 

0.43 

0.172 

0.208 

0.016 

0.014 

1.014 

0.016 

0.007 

0.003 

0.003 

0.003 

0.0005 

0.029 

0.48 

17.7 

23.7 

10.1 

5.01 

16.1 

6.48 

1.15 

6.94 

13.1 

6.23 

1.88 

14.3 

10.13 

18.0 

50.8 

18.9 

5.64 

5.64 

5.18 

1.71 

1.15 

1.02 

0.56 

0.44* 

0.51* 

0.28* 

8.55 

4.26 

5.14 

2.42 

1.17 

3.87 

1.51 

0.28 

1.69 

2.04 

1.50 

0.4C 

3.44 

28-71 

4.32 

11.03 

4.55 

1.31 

1.31 

1.25 

0.40 

0.28 

0.25 

0.13 

0.10 

0.12 

0.07 

24.22 

1. eo 0.38 0.016 9.41 2-01 , 0.085 1.76 0.42 

I&. 80 0.79 0.133 44.0 2.35 0.397 7.79 1.69 

825.8 9.23 7.45 21.40 0.24 0.193 33.6 8.07 

547.6 10.50 11.4 0.22 0.103 20.2 4.70 

185.7 8.84 1.67 1.77 0.084 0.016 7.19 1.73 
2.00 0.89 0.02 0.31 0.139 0.003 0.87 0.20 

4.84 1.16 
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Table  1 9 p r e s e n t s  t h e  monthly and annual  t o t a l  c h l o r i d e  l o a d i n g  f o r  1975 
and 1976 f o r  t h e  Maumee and Por t age  R ive r  b a s i n s .  
c h l o r i d e  f o r  1975 and 1976 were f o r  t h e  Maumee: 
P o r t a g e :  These y i e l d s  are  a t  t h e  h igh  extreme of 
c h l o r i d e  l o a d i n g s  for g e n e r a l  a g r i c u l t u r e  and a t  t h e  low extreme o f  g e n e r a l  
urban l a n d  use as observed  i n  o t h e r  Task C p i l o t  watershed  s t u d i e s .  The 
l o a d i n g s  appear  t o  be d i r e c t l y  r e l a t e d  t o  f low,  and do not  appear  t o  be 
d r a s t i c a l l y  reduced  i n  t h e  low flow r e l a t i v e  t o  t h e  h igh  f low months. Cer- 
t a i n l y  much o f  t h e  c h l o r i d e  o r i g i n a t e s  as a r e s u l t  o f  road  d e i c i n g  o p e r a t i o n s .  
The lesser r e d u c t i o n  i n  t h e  Por t age  River  r e l a t i v e  t o  t h e  Maumee i n  t h e  low 
f low y e a r ,  1976, i s  probably  a r e s u l t  o f  a h i g h e r  degree  o f  u r b a n i z a t i o n  and 
l a r g e r  pe rcen tage  o f  p o i n t  sou rce  i n p u t s  i n t o  t h a t  b a s i n .  The C i t y  of  Bowling 
Green i s  not  l o c a t e d  w i t h i n  t h e  watershed ,  b u t  does d i scha rge  i t s  sewage 
t r e a t m e n t  p l a n t  and a c o n s i d e r a b l e  p o r t i o n  o f  i t s  urban r u n o f f  t o  t h e  Por tage  
r a t h e r  t h a n  t h e  Maumee. 

The u n i t  y i e l d s  o f  
127 and 77 kg /ha /y r  and f o r  t h e  

138 and 100 kg /ha /y r .  

4.3'2 Discuss ion  o f  Monthly Loading 

The y i e l d  p e r  u n i t  area p e r  month from t h e  s tudy  area watersheds  v a r i e d  
g r e a t l y  throughout  t h e  2-1/2 y e a r s  o f  moni tor ing .  The v a r i a t i o n  i r l  s ea sona l  
l o a d i n g  f o r  a l l  watersheds  w a s  much mare pronounced t h a n  t h e  v a r i a t i o n  i n  
monthly l o a d i n g s  between wa te r sheds .  Table20  summarizes t h e  y i e l d  pe r  u n i t  a r e a  
p e r  month of  sediment from a l l  wa te r sheds .  Tab le21  and22 e x p r e s s  t h e  r a t i o  
o f  each  watershed  y i e l d  t o  t h e  a r e a  weighted mean y i e l d  of t h e  exper imenta l  p l o t s  
f o r  sediment  and t o t a l  phosphorus,  respect ive3.y.  Table  20 must be consu l t ed  i n  
con junc t ion  wi th  T a b l e s 2 1  and 29 , becuase when t h e  magnitude o f  t h e  watershed  
and p l o t  y i e l d s  i s  not  ve ry  l a r g e  t h e  pe rcen t  d i f f e r e n c e  i s  not  r e a l l y  s i g n i f i c a n t .  

The most i n t e r e s t i n g  p o i n t  t o  no te  i s  t h a t  i n  many i n s t a n c e s  du r ing  t h e  
l a t e  w i n t e r  and s p r i n g  months when t h e  magnitudes o f  t h e  y i e l d s  a re  very l a r g e ,  
t h a t  t h e  pe rcen tage  d i f f e r e n c e  between watersheds  may not  be ve ry  l a r g e .  That 
i s ,  t h a t  t h e  y i e l d  p e r  u n i t  area from t h e  Maumee Basin a s  a whole i s  s imilar  t o  
t h e  y i e l d s  from t h e  p l o t s .  

I n  February  1976 t h e  y i e l d  from t h e  Maumee was 76% and 127% f o r  sediment 
and phosphorus,  r e s p e c t i v e l y ,  o f  t h e  y i e l d  from t h e  p l o t s .  The same p a t t e r n  
i s  r e p e a t e d  d u r i n g  s e v e r a l  o t h e r  w i n t e r  months: December 1975,  March 1976, 
March, A p r i l  and May 19r(7(. These s i x  months accounted  f o r  92% of  t h e  t o t a l  
s e d i m e n t  l o a d  from the Maumee River Basin during the comparison p e r i o d  July 1975 
t o  June  1977. Most o f  t h e  t r a n s p o r t  t ook  p l a c e  i n  o n l y  a few days du r inq  t h o s e  
months. 

O f  t h e  s torms i n  1975 and 1976 ( p r e c i p i t a t i o n  r e c o r d s  for 1977 were not  
a v a i l  a b l e )  which produced such l a r g e  sediment t r a n s p o r t  e v e n t s  a l l  were basinwide 
s torms  wi th  r a i n f a l l  0'1 t h e  o r d e r  o f  7 . 5  t o  14. cm ove r  a p e r i o d  o f  two t o  seven 
days.  
s i d e r a b l e  snowmelt w a s  i nc luded  i n  t h e  February I976 s torms .  

Runoff ranged from 60% t o  177% o f  basinwide mean p r e c i p i t a t i o n .  Con- 

The second major. p o i n t  o f  cnmparison i s  t h e  summer p e r i o d  when i n t e n s e  s torms 
can produce c o n s i d e r a b l e  sediment movement on very  s m a l l  areas wi thout  t h a t  
sediment  appea r ing  a t  t h e  major b a s i n  s t a t i o n s .  T h e  most s i g n i f i c a n t  ca se  i n  
p o i n t  occur red  du r ing  August 1975 when t o t a l  monthly p r e c i p i t a t i o n  r e c o r d s  were 
set  throughout  t h e  Maumce River Bas in .  The bas inwide  mean p r e c i p i t a t i o n  t o t a l  
w a s  15.60 cm. 
d u r a t i o n  summer c o l d  f r o n t  s torms of  much less  i n t e n s i t y  t h a n  t h e  u sua l  summer 
convect ive  s torms .  However, t h e  exper imenta l  p l o t s  d i d  expe r inece  t h e i r  max imum 
monthly s o i l  loss o f  t h e  s tudy  p e r i o d  d u r i n g  t h i s  month: 1 ,206 kg lha  ( b a s i n  

I t  must be s a i d  t h a t  much o f  t h i s  occu r red  i n  r e l a t i v e l y  l o n g  
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T a b l e  19 CHLORIDE (MONTHLY LOAD - PETRIC TOhVES) 

MAUMEE 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

S E P  

OCT 

NOV 

DEC 

YEAR 

PORTAGE 

JAY 

FEB 

MAR 

APR 

MAY 

m 
JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

YEAR 

1975 

26,011.  

32,734. 

25,146. 

- 

19,868. 

22,188. 

7,482. 

i o ,  078.  

22,127. 

7,723. 

5 ,177 .  

5 ,391.  

24,713.  

208,638. 

127 k g / h a / y r  

1 ,992 .  

2,025. 

1 ,400 .  

876.  
1,842.  

318. 

1,011. 

962. 

1 ,623 .  

992. 

543. 

1 ,721 .  

15 ,305 .  

138 k g / h a / y r  

1976 

12 ,887 .  

52,536.  

27,181. 

8,335. 

8 ,533 .  

5 ,487 .  

3 ,509.  

1 ,738 .  

895. 

1 ,590 .  

1 ,109 .  

2 ,336.  

1 2  0,136. 

77 k g / h a / y r  

2,356. 

3 ,992.  

1 ,892 .  

794. 

748. 

311. 

231. 

194 .  

126.  

105. 

122.  

178 .  

11,049.  

100 k g / h a / y r  
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i 9 7 5  

1 9  76 

1977 

TABLE 20 

SUMMARY OF WATERSHED UNIT AREA YIELDS - S E D I W N T  
(KG/HA/MO) 

NONTH MAUMEE PORTAGE SITE 2 SITE 6 PLOTS 

JAN 

FEB 

MAR 

A.?R 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

N ov 
DEC 

JAN 

FEB 

MAR 

APR 

MAY 

J U N  

216. 

168  

39. 

39. 

112  * 

98. 

22. 

6 . 1  

18. 

5 . 7  

2 .8  

243.  

7.2 

608. 

253. 

8 .6  

16 .  

8 . 2  

4 .4  

1 .5  
0.9 

1.5 
0.2 

0 .3  

0.0 

0.9 

228. 

339. 

57. 
2.9 

126 .  

138. 

18. 

2 . 1  

286. 

35. 

1.5 
0 .8  

226. 

8 . 2  

0 .4  

118.  

28. 

310. 

7.1 

1.1 

21. 

3.2  

1 . 7  

1 . 2  

1 . 6  

0. 

0. 

0. 

0.2 

16.  

140. 

41. 

19 .  
0. 

102. 

190.  

49. 

33. 
1 ,569 .  

812. 

38. 
4 .0 

13. 
2.1 

33. 

195 .  

6 . 8  

180. 

42. 

15. 
4.3 

1 . 3  
0.4 

0 . 2  

0. 

0.7 

0. 

0. 

- 
- 
- 
- 
- 
- 

165.  

304. 

90. 

69. 

1,586. 

1 ,542 .  

0. 

16 .  

31. 

0. 

41. 

79. 

4.9 

195.  

88. 

2.7 

1.1 

0. 

0. 

0. 
0. 

0. 

0. 

0. 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

149.  

1 ,206 .  

267. 

1 4  - 
58. 

277. 

50. 

829. 

645. 

3.6 

26. 

191 .  
221.  

0. 

9 .  

0. 
0. 

0.  

0. 

136.  

437. 

483. 

139 .  

37. 
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Table 21 WATERSHED SEDIMENT YIELD AS PERCENTAGE OF AREA 
WEIGHTED MEAN PLOT SEDIMENT YIELD 

MAUMEE PORTAGE S I T E  2 S I T E  6 

1975 JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

1976 J A N  

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

S EP 

OCT 

NOV 

DEC 

1977 JAN 

FEB 

MAX 

APR 

MAY 

JUN 

1 5 .  

1. 

6.7 

4 2 .  

5 .  
8 7 .  

15. 

76.  

39. 

239 

61 .  

4 .  

2 .  
* 

1. 

0. 

84.6 
61.  

1. 

42.  

47 .  

39. 

1. 

31. 

79 * 

2 .  

1. 
* 

26.  

0 .  

5 .  
1 5 .  

58 .  

7 0 .  

14 .  

23.  

7 .  

416. 

1 6 .  

1. 

0 .  
* 

0.  

1. 

12. 

0. 

70. 
28. 

10. 

24. 
14.  
76 .  

4. 
0 .  

0 .  
* 

* * * * 
* * * * 
* * * * 
* * * * 
* * * * 
1. 

52.  

70.  

41. 
8 .  

1 2 .  

32. 

9 .  
1 4 .  

0 .  

- No w a t e r s h e d  da ta  

* No s i g n i f i c a n t  y i e l d  f rom p l o t s  
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Table .22 WATERSHED TOTAL PHOSPHORUS YIELD AS PERCENTAGE O F  
AREA LJEIGHTED MEAN PLOT TOTAL PHOSPHORLTS YIELD 

K4UPEE PORTAGE S I T E  2 S I T E  6 -- 
1975 JUL 20. 0. 52. 0. 

AUG 0. 0. 0. 7 .  
S EP 32. 44. 11. 74. 

OCT 80. 260. 0. 0. 

NOV 

DEC 

1976 JAii 

FEB 

Y& 

APR 

M Y  

JUN 

JUL 

AU G 

SEP 

OCT 

NOV 

DEC 

1977 JAN 

FEB 

MAR 

APR 

MAY 

JUN 

7. 

77. 

111. 

127. 

47. 
* 

150. 

7 .  
0. 
* 
* 
0. 
* 
* 
* 
9. 

66. 

64. 

34. 

0. 

0. 

47. 

189. 

82. 
0. 
* 
94. 

0. 

0. 
* 
* 
0. 
* 
* 
* 
84. 

44. 

16. 

15. 
0. 

223. 

210. 

6. 

86. 

9. 
* 
0. 

0 .  

0. 
* 
* 
0 .  
* 
* 
* 

1’98. 

197. 

0. 
6 6 .  
18. 
* 
0. 
0. 

0. 
* 
* 
0. 
* 
* 
* 

- No w a t e r s h e d  da ta  

* No y i e l d  f r o m  plots 
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s o i l  area weighted  mean), about  23% o f  t h e  t o t a l  s o i l  l o s s  d u r i n g  t h e  
comparison p e r i o d  d e s c r i b e d  above. 

These storms were bas inwide  y e t  produced on ly  1.04 em o f  runof f  (6 .65 o f  
t o t a l  p r e c i p i t a t i o n )  i n  t h e  Maumee River at  W a t e r v i l l e .  
of t h e  p l o t  s o i l  loss appeared  i n  r u n o f f  a t  W a t e r v i l l e .  The o u t l e t s  o f  most of 
t h e  p l o t s  are l o c a t e d  where t h e s e  f i e l d s  d r a i n  i n t o  conf ined  n a t u r a t  o r  marunade 
d r a i n a g e  channe l s .  The u l t i m a t e  f a t e  o f  sediment  washed from f i e l d s  du r inq  
t h e s e  p e r i o d s  cannot  be a c c u r a t e l y  de te rmined .  There a r e  two major p o s s i b i l i t i e s .  
F i r s t ,  it may be t e m p o r a r i l y  s t o r e d  i n  t h e  d ra inage  network u n t i l  t h e  s p r i n g  when 
major r u n o f f  e v e n t s  wash it t o  t h e  r i v e r  and Lake E r i e .  Or, s i n c e  t h e s e  d ra inage  
channe l s  o f t e n  become comple te ly  dry  d u r i n g  t h e  l a t e  summer, thP  sediment s t o r e d  
d u r i n g  t h a t  p e r i o d  may become s o  i n d u r a t e d  tha t  i t  can l eave  t h e  channel  on ly  
by p e r i o d i c  d i t c h  maintenance dredging .  I t  is w e l l  known t h a t  d i t c h e s  i n  t h e  
Maumee Bas in  are most ly  aggrading  and do r e q u i r e  such na in t enance .  The l a c k  
of v a r i a b i l i t y  i n  sediment  and n u t r i e n t  t r a n s p o r t  between t h e  expe r imen ta l  
p l o t s ,  minor and major  subhas ins  poses  a v e r y  impor t an t  p o i n t  f o r  the  management 
o f  d i f f u s e  sou rce  p o l l u t a n t  t r a n s p o r t .  If it can be assumed, or u l t i m a t e l y  
proven ,  t h a t  t h e  sediment  d i s lodged  from t h e  s o i l  p r o f i l e  du r ing  t h e  win te r  
months i s  d e l i v e r e d  t o  t h e  r i v e r  m u t h  moni tor ing  s t a t i o n s  a t  a very  h igh  
d e l i v e r y  r a t i o  and t h a t  sedirnent d i s lodged  du r ing  t h e  summer months does not  
p l a y  an imp\ortant role i n  t h e  p o l l u t i o n  of t h e  Great Lakes t h e n  a d r a s t i c  r e v i s i o n  
of  t h e  l a n d  management p r a c t i c e s  c u r r e n t l y  promoted by t h e  s o i l  Conservat ion 
S e r v i c e  w i l l  be r e q u i r e d .  

Less t h a n  0.5 of  1% 

P r a c t i c e s  which c o n t r o l  s u q e r t i m e  e r o s i o n  w i l l  no t  s i g n i f i c a n t l y  reduce  
t r a n s p o r t  t o  Lake E r i e .  The most common t i l l . a g e  p r a c t i c e  c u r r e n t l y  employed i n  
t h e  b a s i n ,  f a l l  moldboard plowing,  may have t o  b e ,  wherever f eas ib l e ,  abandoned. 
Modern t i l l a g e  and n o n - t i l l a g e  c rop  p roduc t ion  systems which ma in ta in  a cover  
o f  t h e  p rev ious  year's c rop  r e s i d u e  on t h e  s u r f a c e  o f  t h e  l a n d  w i l l  have t o  
adopted .  

4 .33  P o i n t  Source Load S i r n a r y  

The p o i n t  sou rce  l o a d i n g s  f o r  major  subbas ins  of t h e  Mawnee River  Basin 
a r e  summarized i n  Table  23. These l o a d i n g s  were summarized from t h e  de t a i l - ed  
p o i n t  source  inventory w h i c h  w a s  m a d e  by t h e  Lake Erie Wastewater Management 
S tudy  ( 1 9 7 5 ) .  The f i g u r e s  f o r  t h e  s u b t o t a l  f o r  t h e  Maimee R i v e r  above W a t e r v i l l e  
and t h e  g rand  t o t a l  f o r  t h e  Maimee River  a t  t h e  mouth a r e  l a r g e r  t han  t h e  sum 
of t h e  subbas in  t o t a l s .  This  i s  because t h e  LEWMS r e p i r t  d i d  not, p r e p a r e  
subbas in  t o t a l s  from t h e i r  d a t a  f i l e s  and d i d  not  map t h e  l o c a t i o n  of  a l l  p o i n t  
s o u r c e s .  The subbas in  t o t a l s  i n  Tablep1wer-e  made by  l o c a t i n g  t h e  e n t i t i e s  on 
t h e  maps and a s c r i b i n g  t h e  load  t o  t h e  s t lbbasin.  S ince  msny of the very  s m a l l  
d i s c h a r g e s  were n o t  l o c a t a b l e  on t h e  map:; t h e i r  l oads  do no t  eppl=ar i n  t h e  
subbas in  t o t a l s ,  b u t  t hey  a r e  inc luded  i n  t h e  major  b a s i n  t o t a l s .  

Table211 i s  t h e  monthly suhbas in  load ing  summary. J t  was prepared  on t h e  
assumption t h a t  p o i n t  sou rce  Loadings are  cont inuous  throughout  t h e  y e a r ,  and 
i s  s imply  one t w e l f t h  o f  t h e  t o t a l  annual l o a d .  R e l i a b l e  d a t a  on t h e  annual  
l o a d i n g  of  suspended sol i d s  w e r e  no t  a v a i l a b l e .  



Basin 

St. Joseph 

St. Mary's 

Tiffin 

Auglaize (m. s. ) 

Blanchard 

Little Auglaize 

Ottawa 

Auglaize (Total) 

Maumee @ Defiance 

Maumee @ Waterville 

* 
* 

* 
* 

Sub tot a1 

Maumee Below Waterville 

GRAND TOTAL 

TABLE 23 

POINT SOURCE LOAT> SUMMARY 

Total P 

(Mt / Y r )_ 

29.1 

5.0 

26.3 

26.9 

29.3 

28.6 

66.1 

150.9 

5?.  3 

30.0 

321.4 

314.2 

635.6 

Ortho P 

(Mt  /Y r) - 

14.3 

2.5 

13.2 

13.5 

14.6 

lb.2 

33.1 

75.4 

25.7 

15.0 

160.7 

157.1 

317.5 

(N02+N0 )-N 
3 

(ytlyr) 

37.8 

19.1 

97.7 

55.6 

96.0 

31.2 

41.7 

2l5.5 

306.8 

27.0 

704.9 

919. l 

1624.0 

NH -N 
3 

( M t I Y r )  

38.0 

20.3 

89.0 

34.3 

109.4 

37.3 

24?. .5 

422.6 

362.8 

58.0 

1026.4 

1100.9 

2127.3 

Organic N 

_ _ _ ~  (Mt/Yr) 

14.9 

6.1 

27.3 

14.3 

32.3 

1 L . O  

71.8 

129.4 

108.3 

14.6 

311.3 

326.1 

637.4 

* 
Sum t o  Auglaize ( T o t a l )  



TABLE 2'h 

MONTHLY DISTRIBUTION OF POINT SOURCE LOADING 

Ortho P 

(Mt/Mo) 

1 . 1 9  

I___ 

TW -N 3 
( M t  /Mo) --- 

(NO 3+N02) -N 

( N t  /Mo) 

T o t a l  P 

(Mt/Mo) 

2 . 4 3  

Organic -N 

(Yt /Mo) 

1 . 2 4  

. 5 1  

2 . 2 8  

1.19 

2.69 

.92 

5.98  

10 .78  

9 .03  

1 .22  

25.94 

27.18 

Bas in 

St. Joseph 

S t .  Mary's 

Tiffin 

Auglaize (m. s .  ) 

B l ancha rd  

L i t t l e  Auglaize 

O t t a w a  

Auglaize ( T o t a l )  

Maumee @ Defiance 

Maumee @ W a t e r v i l l e  

S u b t o t a l  

* 
* 

* 
* 

Maumee Below W a t e r v i l l e  

3.15  3.17 

.42 . 2 1  1.59  1 .69  

2 . 1 9  1.10 8 . 1 4  7 . 4 2  

2 . 2 4  

2 . 4 4  

2 . 3 8  

1.13 4 . 6 3  

7 . 1 7  

2.86 

1.22  

1. 18 

9.12 

3 . 1 1  2 . 6 0  

2 . 7 6  2 0 . 1 3  

35 * 2 2  

5 .51  

12 .56  

3.64 

6 . 2 8  1 3 . 0 4  

4.28  

2.50 

2.14 

1 .25  

2 5 . 5 7  

2 . 2 5  

58.7L 

3 0 . 2 3  

4 . 8 3  

26.78 13.39 85.53 

9 1 . 7 4  2 6 . 1 8  13.09 76.59 

GRAND TOTAL 5 2 . 9 7  26 .48  135.33 1 7 7 . 2 8  5 3 . 1 2  

* 
Sum t o  Auglaize (~0t-31) 
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4.34 Diffuse Source Loads 

Tables  2 5 ,  27,29 and 30 p r e s e n t  t h e  d i f f u s e  s o u r c e  y i e l d  p e r  u n i t  area 
f o r  t h e  Maumee, P o r t a g e ,  Black Creek-Si te  2 and Black Creek-Si te  6 ,  r e s p e c t i v e l y .  
Tables  26 and 28 p r e s e n t  t h e  t o t a l  d i f f u s e  source  l o a d i n g  f o r  t h e  Maumee and 
t h e  P o r t a g e ,  r e s p e c t i v e l y .  Both monthly and annual  va lues  f o r  eacki watershed  
and parameter  are g iven .  

Tab le s  31 through 37 p r e s e n t  t h e  u n i t  area y i e l d s  by months f o r  a l l  t h e  
Maumee Task C P i l o t  Watershed Study Exper imenta l  p l o t s .  These are t o t a l  d i f f u s e  
sou rce  l o a d s  ( t h e r e  are  no p o i n t  s o u r c e s ) .  
Lenawee, B loun t ,  Fauld ing  and H o y t v i l l e ,  t h e  f i g u r e s  r e p r e s e n t  t h e  t o t a l  o f  
s u r f a c e  and t i l e  t r a n s p o r t .  Tab le31  i s  t h e  "basinwide s o i l  area weighted mean" 
y i e l d  of  t h e  p l o t s .  The y i e l d  o f  each  p l o t  w a s  weighted i n t o  a mean f i g u r e  for 
use i n  t h e  e x t r a p o l a t i o n  o f  basinwide l o a d i n g  comparisons.  The method o f  area 
weight ing  w a s  desc r ibed  ea r l i e r  i n  t h i s  r e p o r t .  The y i e l d s  i n  Table37 f o r  t h e  
H o y t v i l l e  s o i l  are  t h e  mean o f  t h e  y i e l d s  from 8 s e p a r a t e  p l o t s .  There were no 
measurements o f  y i e l d  from any o f  t h e  p l o t s  p r i o r  t o  J u l y  1975 except  t h e  
H o y t v i l l e  p l o t s  where sampling began i n  May 1975. 

On t h e  p l o t s  which w e r e  t i l e d ,  

4 .35 Loadings from t i l e  dra inage  

Runoff and t i l e  d ra inage  l o s s e s  of  sediment  and n u t r i e n t s  from t h e  Defiance 
watersheds  and H o y t v i l l e  p l o t s  a r e  summarized i n  Table  38. Lenawee and H o y t v i l l e  
soils are  l e v e l  and have f a i r l y  good i n t e r n a l  d ra inage .  A s  a r e s u l t ,  t i l e  d ra in -  
age f low exceeded s u r f a c e  runof f  i n  a11 c a s e s  wi th  r e s u l t i n g  low sediment  l o s s e s .  
The Blount  s o i l  on more s l o p i n g  ground had s i g n i f i c a n t  amounts o f  t i l e  f low b u t  
r u n o f f  w a s  s t i l l  i n  excess  o f  t i l e  f low.  The Pauld ing  s o i l ,  a l e v e l ,  h igh  c l a y  
s o i l  w i t h  poor i n t e r n a l  d ra inage  had t h e  l ea s t  t i l e  f low and t h e  most s u r f a c e  
r u n o f f .  A s  a resul t ,  s o i l  l o s s  w a s  h i g h e s t  on t h i s  s o i l .  The d a t a  a l s o  show 
t h e  low amounts o f  P c a r r i e d  i n  t i l e  d ra inage ,  wh i l e  c o n s i d e r a b l e  m o u n t s  oI' 
NO - N  a re  c a r r i e d  i n  t i l e  d ra inage .  3 

4.36 P r e c i p i t a t i o n  i n  t h e  Maumee River  Basin 1975-76 

R a i n f a l l  d a t a  f o r  t h e  p e r i o d  1975-76 vas ob ta ined  f o r  a l l  hour ly  r e c o r d i n g  
r a i n  gauge s t a t i o n s  i n  Ohio and Ind iana .  There are  no such s t a t i o n s  i n  or near 
t h e  Michigan p o r t i o n  o f  t h e  Maumee Bas in .  
are  r e a d i l y  a v a i l a b l e  from t h e  Na t iona l  C l ima t i c  Center  o f  t h e  Na t iona l  Oceanic 
and Atmospheric Admin i s t r a t ion .  There are 1 4  weather  r e p o r t i n g  s t a t i o n s  i n  or 
very  nea r  t h e  Maumee Basin wi th  r e c o r d i n g  r a i n  gauges.  
s u f f i c i e n t l y  complete r e c o r d s  o f  r a i n f a l l  dur ing  t h e  1975-76 p e r i o d  f o r  t h i s  
a n a l y s i s .  F igu re  1 shows t h e  l o c a t i o n  o f  a l l  r e c o r d i n g  r a i n  gauges i n  and nea r  
t h e  Maumee Bas in .  

These r e c o r d s  o f  hour ly  p r e c i p i t a t i o n  

O f  t h e s e  14, 8 had 

F igure  8 i s  an  e x c e r p t  o f  one month 's  d a t a  f o r  t h e  s t a t i o n  a t  Def iance ,  Ohio 
from t h e  Hourly P r e c i p i t a t i o n  Data r e p o r t s .  T o t a l  hour ly  p r e c i p i t a t i o n  is  
r e p o r t e d  t o  t h e  n e a r e s t  0.254 mm ( 0 . 0 1  i n c h )  f o r  each hour o f  t h e  day.  To 
save  space ,  on ly  t h o s e  d a t e s  which expe r i enced  measurable  r a i n f a l l  ( >  0.254 mm) 
are  inc luded  i n  t h e  r e p o r t s .  The f i n a l  column g i v e s  t h e  d a i l y  to ta .1  r a i n f a l l .  
T o t a l  monthly p r e c i p i t a t i o n  i s  a l s o  g iven  f o r  each s t a t i o n  i n  t h e  s t a t e  i n  a 
t a b l e  on t h e  f r o n t  cover  o f  each r e p o r t .  

S ince  t h i s  a n a l y s i s  i s  p r i m a r i l y  concerned wi th  t h e  r e l a t i o n s h i p s  o f  
r a i n f a l l  e r o s i o n  and r u n o f f  it w a s  necessa ry  t o  determine whether  p r e c i p i t a t i o n  
w a s  i n  t h e  form of  r a i n  or snow ( o r  i c e ,  e t c . ) .  This  w a s  done through t h e  use 
o f  N O A A ' s  Loca l  C l ima to log ica l  Data r e p o r t s  f o r  t h e  c i t i e s  o f  Toledo and F o r t  



APR i975 0,017 0.071 39*2 It97 0.0 
M A Y  1975 0 025 0 200 li2t4 2 * 4 7  0 ,o  
JUN 1975 0 030 0 ,  i 4 4  98tl 2 + 6 4  0 , o  
J U L  1975 0.001 0,020 22.2 0.27 010 
AUG 1975 0 , O  0 , o  6 t l  0,os 0 ,o  
SEP 1375 0,013 0 0.47 18t3 0 * 2 4  o * o  
OCT ih5 OIO 0,004 5*7 Oti3 O I O  
NO-975 os0 0 005 278 Ot10 0 , o  - 
r m  1975 0 040 0 373 242 5 2925 0.0 
JAN 1376 0 t 026 0 + 052 7,2 0*63 01076 
FEE 1976 0,136 0 + 902 608 , 2 4t03 o + 284 
MAfi-76 0 0-1 8 0 ,-392 252 F7 0 * 7 0  0 76G4 

0,005 8.6 0 * 3 6  0,O APR i976 
H A Y  1976 0 002 0,027 is,9 Ot71 0,CS- 

0 , o  JUN 1976 0 , o  0 + 008 8 + 2  0,50 
JUT1376  0,o  0 , O  4 * 4  Ot13 010 
AiJG 1976 0,o  0 , O  It5 0 , o  0 0 
SEF' 19% 0 , o  o t o  Ot9 0.0 0,o- 
OCT 1976 0.0 O I O  i t 5  0,o 0 , o  
f4ou i?75 0,o  070- 0 r2  0,o- 0,o' 
IiEC 1976 0 , O  0 , o  Oe3 o * o  010 
J A N  i977 o * o  o * o  o + o  o * o  OtO 
FEE 1977 Ot016 0,019 099 0.08 o + 084 
M A  R 1 9 7 7 0 , O  5-i 074 33 227,9 4 3 r -  0 + f97 
AF'R 1977 0.041 0+55i 338 9 7 4*21 0,014 
MAY 1917 0 c>To---??T98 57 ;3 i+69 0 , r  
JUN 1977 0 ,o  0 , o  2t9 0,03 o * o  

~ - -  

___ 0 , o  __ 

-- 

YIELD PER UNIT AREA ( K I L O G H A H S . F ' E R  HECTARE PER YEAR):  -~ 

TOTAL SL'SFENTiEri N I T R A T E  8 

it882 970 i8t672 Oti93 7 ;0-5-2 __--- - __I____ 

0 249 
0; 3 6 4  

___- 1975 
I. 3-7 6 0,182 i ,-37b Pi-0 
1977 0,117 I . * i O l  628 + 10 + 528 0 ,295  



-56- 

TOTAL DIFFUSE SOURCE LOADINGS (METRIC TUNS PER MONTH): 

M A Y  i975  41*6 332 . 186394 t 4100, 0 ,  
JUN 1975 49tO 239; 1627X5+ 4 3-a-* 0, 
JUL 1975 l e 3  33 + 36859 + 455, 0. 
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O C T 7 5  o * o  7, 9452 * 2 2 3 7  -0: - 
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JAN 1976 43.7 87 12016, 1047, 126, 
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A P R Z P / 6  6,O 9 ,  142% , 59U * UT--- 
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- . I E C T ~ T ~ O  0 OT 536 + 0 .  0 ,  
J A N  1977 O + G  0 ,  75. 0 ,  0, 

139 t FEE( 1977 26*7 31 1425, 138, 
MAR 1977 84.7 718, 378017t 7482 327. 

,9147---- 5z-F-921 t 6?-8d F3T- AF'R 1 9 T Y 6 7 * 4  
M A Y  1977 15,8 163t 94990 + 2808 t 0. 

-1371 o * G - - - - o *  477Ct 5€ 6-r- 

- 

- 

07-- 
--- 

- 
___- 

TOTAL D I F F U S E  SOURCE LOADINGS (METRIC TONS PER YEAR): _____ 
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TOTAL I I I F F U S E  SOURCE LOAIIINGS __. (METRIC TONS PER MONTH): __ - 

D I SSOLUEIS TOTAC SUSF'ENIIED NITRATE g 
PHOSPHORUS PHOSPHORUS SEDIMENT N I T R I T E  A t i H O N I A  
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Y I E L i i  PER U N I T  AHEA ih ' ILDi jRAi ' - iS _ _  FER HECTARE FER MilNTH) : 
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Table  38. 

Lenawee 
R 
T 

Blount  
R 
T 

Pauld ing  
R 
T 

H o y t v i l l e  
R 
T 

Lenawee 
R 
T 

Blount  
R 
T 

Pau ld i  ng 
R 
?' 

H o y t v i l l e  
R 
T 

Lenawee 
R 
T 

Blount 
R 
T 

Pauld ing  
R 
T 

Hoyt v i I l e  
R 
T 
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Sediment and n u t r i e n t s  i n  runoff and t i l e  d ra inage  (1975-1977). 

Flow S o i l  Total-P Soluble-P N03-N 

Acre- i nches  k g h a  

0.00 
4.03 

1.96 
2.27 

7.83 
0.37 

1.76 
9.57 

1.03 
3.53 

6.16 
1i.51 

9.21 
1.10 

2.40 
8.99 

2.50 
2.77 

6.91 
3.64 

15.50 
0.00 

2.21 
7.17 

0 
156 

889 
12 7 

4573 
99 

7'4 3 
2 38 

686 
82 

341 8 
74 3 

4433 
05 

55 
26 

204 
55 

1054 
106 

3848 
0 

646 
47 

1075 -- 

0.00 
0.94 

1.24 
0.11 

2.21 
0.12 

0.18 
0.33 

1976 

0.00 
0.27 

2.63 
0.110 

4.50 
0.09 

0.33 
0. h5 

1977 

0.29 
0.48 

1.98 
0.32 

6.40 
0.00 

0.77 
0.62 

0.00 
0.05 

0.05 
0.03 

0.15 
0.00 

0.11 
0.16 

0.110 
0.05 

0.05 
0.04 

0.15 
0.00 

0.11 
0. i6 

0.61 
0.09 

0.02 
0.04 

1.15 
0.00 

0.27 
0. I2 

0.00 
10.81 

2.02 
7.23 

7.06 
0.44 

1.2Q 
17.18 

0.0'3 
5.77 

) I .  83 
9.66 

6.13 
9.24 

0.69 
11.88 

6.57 
8.42 

20.32 
11.31 

16.02 
0.00 

0.98 
15.79  
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Wayne. 
g a t h e r i n g  s t a t i o n s  i n  l a r g e r  c i t i e s .  P r e c i p i t a t i o n ,  r a i n  or snow, m o i s t u r e  
e q u i v a l e n t ,  depth o f  snow on t h e  ground,  d a i l y  r a n g e s  and means o f  t empera tu res  
as g iven  i n  t h e  r e p o r t s  p rov ide  i n d i c e s  o f  t h e  n a t u r e  o f  t h e  s to rms .  
i n fo rma t ion  w a s  used t o  determine whether  a p a r t i c u l a r  s torm w a s  r a i n  o r  snow. 
The e f f e c t  o f  snow on t h e  ground was n o t  t a k e n  i n t o  account  r i g o r o u s l y  i n  t h e  
c a l c u l a t i o n  o f  r a i n f a l l  e r o s i o n  i n d i c e s .  This  w i l l  n o t  be a s e r i o u s  e f f e c t  
because i t  seemed t h a t  t h e r e  w a s  u s u a l l y  very l i t t l e  snow on t h e  ground a t  
t h e  beg inn ing  of  most r a i n f a l l  s to rms .  

These monthly r e p o r t s  are a v a i l a b l e  on ly  f o r  pr imary weather  d a t a  

T h i s  

OELIANCC 
.01 

.Ob 

.07 

.ao 
oc 

3 0 / * 1 0 0 *  

. I 1  

.11 

.01 .I: 

.09 .01 

.bl  
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1075 and 1976 were y e a r s  o f  moderate extremes a f  p r e c i p i t a t i o n  i n  t h e  Maumee 
Rix-er Basin. Table 39 summarizes t h e  t o t a l  p r e c i p i t a t i o n ,  normals ,  and 
d e p a r t u r e s  from narmal f o r  t h e  e i g h t  s t a t i o n s  with adequa te  p r e c i p i t a t i o n  d a t a  
f o r  t h e  two y e a r s .  The l a s t  cclumri, k e a  Weight, i n d i c a t e s  t h e  weight  
o f  t h e  s i v e n  s t a t i o n ,  determined by t h e  riethod o f  Thiesspn (1311), i n  t h e  c a l c u l a t i o n  
of  a r e a  weighted mean b a s i n  p r e c i p i t a t i o n .  

1975 w a s  w e t ,  97.5 em (38 .40  i n . ) ,  11 .0  cm (4.34 i n . )  above n a r m a l ;  1976 
w a s  d r y ,  71.27 c m  (28 .06  i n ) ,  15.2 crn ( 6 . 0 0  i n )  below normal. Normal t o t a l  
annual  p r e c i p i t a t i o n  f o r  t h e  b a s i n  i s  86.5 cm (34 .06  in). 
two y e a r s  w a s  84.14 cm ( 3 3 . 2 2  i n )  and only 2 . 1  cm ( 0 . 8 1  in) below n o r n a l .  

The mean o f  t h e  

Although i t  would appear  t h a t  t h e  water budget of  t h e  watershed was no t  
degraded over  t h e  p e r i o d  i t  w i l l  become appa ren t  i n  t h e  d i s c u s s i o n  o f  runof f  
(below) t h a t  t h e  e x c e s s e s  of' 19(5 had l i t t l e  e f f e c t  on t h e  d e f i c i e n c y  oi' 1976. 

The d i s t r i b u t i o n  o f  t h e  dev iance  i n  p r e c i n i t a t i o n  is also i n t e r e s t j  ng. 
F i g u r e  q i s  a graph of  norm21 1975 arid 1976 monthly p r e c i p i t a t i o n  :it Def'iancr, 
Ohio. During b o t h  1975 and 1976 p r e c i n i t a t i o n  d i d  not  d e v i a t e  from normal t o  
any g r e a t  degree du r ing  the e a r l y  months o f  t h e  y e a r ,  January through May, 
o r  d u r i n g  t h e  F a l l  months, September throuph October .  'The g r e a t e s t  d e v i a t i o n s  
took p l a c e  dui ' ing t h e  Summer o f  1975, c J i ~ n e ,  <Tuly arit l  Auir,us;t, when f o r  t h e  
t h r e e  months p r e c i p i t a t i o n  w a s  a t o t a l  of' 91.9 cm (8.611 i n )  above nornnal. During 
1976 p r e c i p i t a t i o n  W ~ S  c o n s i d e r a b l y  b r l o w  n o r m a l  i n  Apr i  I ,  May, , J u n e ,  i\ii::ust, 
November arid December. The imnI < c a t i o n s  of t h e s c  d e v i a t i o n s  on r u n o f f ,  ~ r o s s  
e r o s i o n  and sediment d e l i v e r y  w i l  I b e  di; i . ir:;sed i n  l a t e r  s e c t i o n s .  

I n  h i s  d e s c r i p t i o n  of t h e  ra inrfal l  e r o s i o n  f ' a r t ( > r ,  S, o f  t h e  Un ive r sa l  
S o i l  Loss Equat ion Wischmeier (1965)  defines '1  s t o r m  3 s  ii p e r i o d  of p r e c i p i t a t i o n  
o f  1 . 2 7  cm ( 0 . 5  i n )  unbroken by 6 hours  o f  non-measurable w e c i n i t a t i m .  T h i s  
d e f i n i t i o n  h a s  gener- i l ly  been used i n  t h i s  arictlysi s a1 though storms c o f '  as 
l i t t l e  as 1.09 cm (0.113 i n )  have been i n c l u d e d .  T a b I ~ s ~ 0  and summarize 
t h e  s torm and non-storm r a i n f a l l  a t  each s t a t i o n  and for t h e  Maumcle Hasin for 
1975 and 1976, res rxvt ive ly .  There i s  very l i t t l e  d j f f e r p n c e  between t h e  two 
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Def iance  

Fin d l  ay 

L i m  

Pandora  

St. Nary’s 

Toledo 

F t  . Wayne 

Kendal lv i l le  

Maumee Basin 

Normal 

c m  . 

84.63 

90.47 

90.27 

90.37 

86.79 

80.09 

90 .93  

87.78 

86.5 

TtiBLE 39 

SUMMARY OF PRECIPITATION DATA 

M A W E  RIVER BASIN 

1 9  75 

101 .2  

98.0 

95 .3  

98.9 

90.9 

98.0 

93.3 

101.0 

97.5 

Depar tu re  

16.6 

7.6 

5 .0  

8.6 

4 .1  

1 7 . 9  

2 .4  

10.6 

11.0 

1. Mean of Lima and F i n d l a y  

2.  Mean of F t .  Wayne and Def iance  

1 9  76 

* 

64.9 

79.5 

82.3 

65.9 

69.9 

73.1 

66 .8  

87.4 

71.27 

D e p a r t u r e  

-19.7 

-11 .o 
- 8.0 

-24.5 

-16.9 

- 7.0 

-24.2 

- . 4  

-15.2 

Area 
Weight 

Mean 1 9 7 5 ,  76 : 84.4 

D e p a r t u r e  : -2.1 



TABLE 4o 

PRECIPITATION OF STORM AND NON-STORM PERIODS - 1975 

MAWEE BASLV 

1 9  75 

D e f i a n c e  

F i n d l a y  

L i m a  

Pandora  

St. Mary's 

Toledo 

F t .  Wayne 

K e n d a l l v i l l e  

59.3 1 60.8 38.2 

STORM 

62.8  

64.5 

5 5 . 1  

63.2 

52.3 

56.7 

59.9 

56 .1  

STORM 

31.5 

45.2 

46.5 

40.2 

38.9 

3 8 . 1  

41.3 

61.5 

39.8 

% 

62.0 

65.8 

57.9 

63.9 

57.5 

57.9 

64.2 

55.6 

7! 

48.5 

56.9 

56.5 

60.9 

55.6 

5 2 . 1  

61 .8  

68.4 

55.9 

NON-STORM 

NON- S T OKY 

33.4 

34.3 

35.8 

25.7 

31.0 

35.0 

25.5 

28.4 

31.4 

38.5 

33.5 

40.1 

35.8 

38.6 

41.3 

33.4 

44.8 

% 

51.5 
4 3 . 1  

43.5 

3 9 . 1  

44.4 

47.9 
38.2 

31.6 

4 4 . 1  

% 

38.0 

34.2 

4 2 . 1  

36.1 

42.5 

42.1 

35.8 

44.4 

39.2 

PRECIPITATION OF STORY .4ND NON-STORY PERIODS - 1976 

19 76 

D e f i a n c e  

F i n d l a y  

L i m a  

Pando r a 

St. Mary's 

To ledo  

F t .  Wayne 

K e n d a l l v i l l e  

M A W E  BASIN 
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y e a r s  i n  t h e  pe rcen tage  o f  r a i n f a l l  t h a t  came i n  s torms and non-storms, 60.8% 
as s torms  i n  1975 and 55.9% as s torms  i n  1976. There i s ,  o f  c o u r s e ,  a g r e a t  
d i f f e r e n c e  i n  t o t a l  s torm p r e c i p i t a t i o n  between t h e  two y e a r s  because  o f  t h r  
l a r g e  d i f f e r e n c e  i n  t o t a l  r a i n f a l l .  R a i n f a l l  meet inp  t h e  d e f i n i t i o n  oi' a - , t o r n  
f e l l  somewhere i n  t h e  Maumee River  Basin on a t o t a l  of 67 days i n  1'175 and 52 
days i n  1976. 
were of a f r o n t a l  o r  bas inwide  n a t u r e .  These s torms a r e  u s u a l l y  a s s o c i a t e d  wi th  
w a r m  f r o n t s  advancing a c r o s s  t h e  bas in  from t h e  wes t  o r  southwes t .  This i s  
appa ren t  from t h e  i n t e n s i t y  and d u r a t i o n  o f  t h e  r a i n f a l l  even t s  and the. r e l a t i v e  
t i m e  of beginning  of t h e  s torms  as t h e y  advance a c r o s s  t h e  basin. %e r w a i n d e r  
are convec t ive  and c o l d  f r o n t  s torms .  

O f  t h e  t o t a l  number o f  s torm days 16 i n  1975 and 10 i n  1976 

4.37 Storms and runof f  

There are s e v e r a l  very  impor tan t  q u e s t i o n s  about t h e  re la i , ionshi3 :  q f  
s to rms ,  r u n o f f ,  g ros s  e r o s i o n  and sediment  d e l i v e r y  which remain larDe1:r 
unanswered. It  has  been common p r a c t i c e  t o  t r e a t  t h e  su-mer throuph pirlv 
months, when t h e  most e n e r g e t i c  s torms o c c u r ,  as t h e  most s e r i o u s  r e r i ) d  of '  
e r o s i o n .  I f  b a r e  s o i l  and i d e n t i c a l  an tece<f>n t  mqi s tu re  c o n - i i t i  ,Tis w-2 'i 
t h e  p rev ious  s t a t emen t  i s  t r u e ,  but t h i y  i s  seldom the  case i n  a natur?l  
During J u l y  and August, when t h e  n o s t  i n t e n s e  thunderTtorms may < ,ccur ,  +t i  
canopy cover  i n  a corn-soybean a g r i c u l t u r i l  watershed ? a y  be near1.r 109@. 3 0  

energy  o f  t h e s e  s torms ,  as accumulated f o r  c a l c u l a t i q n  of t h e  r a i n f a l l  er 
f a c t o r ,  may be a lmost  comple te ly  d i s s i p a t e d  an t h e  l e a v e s  o f  t h e  croD,. TJ2rcTe 
r a i n d r o p s  are broken down and " i n a l l y  reach  thP  s u r f a c e  a t  reducc3d v e l o c i t v  
and t o t a l  k i n e t i c  energy .  Gross s h e e t  e r o s i o n  i s  d r a i t i c a l l y  reduced ,  c r n n i c t i  311 
and s e a l i n g  of t h e  s o i l  s u r f a c e  i s  reduced ,  r-tnd i n f i l t r a t i o n  r c m a i n s  h i n h e r  
for a longer  t i m e  d u r i n e  t h e  s torm which i s  u s u a l l y  of  s h o r t e r  d u r a t i o n  than  
t h e  w i n t e r  s torm.  Runoff f r m  e q u i v a l e n t  t o t a l  p r e c i o i t a t i o n  s torms  i n  the 
summer i s  only  a small f r a c t i o n  o f  t h e  runiifC f r m  t h e  similar s torm i r i  i h e  win ter  

Table  42 i s  a s i m a r y  or a l l  s torms in t h e  tlaumee Hasin dur inq  1975 anti 
1976 which produced s i g n i f i c a n t  r ises i n  t h e  hydrograph a t  W a t e r v i l l e ,  Oh io .  
The W a t e r v i l l e  gauge d ra inage  are2, 16 ,353  sq (6,31)+ sq m i )  i s  t,he f u r t h e s t  
gauge downstream, arid measures a lmost  t o t a l  basin r u n o f f .  T h e  hydroeranhs o f  
subbas ins  have not  been examined. The numerals i d e n t i f y i n g  t h e  type  ( f  .;torn 
i n d i c a t e  how widespread t h e  occurrpnce  (if' r a i n f a l l  w a s  over  t h i .  basin: ( 1 ) k11 
s t a t i o n s  r e p o r t e d  s torm class r a i n f a l l  on t h e  same day - a basinwide :-tom; 
(2) All b u t  1 o r  2 s t a t i o n s  r e p o r t  a storm r a i n f a l l  on t h e  same day - a near 
basinwide s to rm;  ('3) A l l  s t a t i o n s  r e p o r t  storm r a i n f a l l  ove r  a n p r i o d  o f  2 
o r  more days ,  b u t  a1 1 s ta t jon : ;  do  nut r eDor t  s torms o n  every  day - a basiriwl dcJ 
storm of  ex tended  d u r a t i o n ;  and (14)  Less than  6 s t a t i o n s  r e p o r t e d  Storm r a i n f a l l  , 
but  t h e r e  w a s  a s i g n i f i c a n t  r i s e  i n  t h e  hydroprnph a t  W a t e r v i l l e .  I '  i s  t ,he 
basinwide a r e a  weighted t o t a l  p r e c i p i t a t i o n .  Qmax i s  t h e  peak mean d a i l y  
d i scha rge  immediately fol  Lowine; t h e  s to rm,  and MAX is the  peak suspended m l i d s  
l oad  foLlowing t h e  s torm.  

A 1 .68  cm ( 0 . 6 6  i n )  basinwide s torm dur ing  t h e  w i n t e r  (1/28/75) pt-odiiced 
a peak mean d a i l y  t l i scharce  of 569 cu.m/s (30 ,100  cfs) whi le  a 2.16 cm (0.85 i n )  
basinwide s torm d u r i n g  t h e  summer gave a peak mean d a i l y  d i s r h a r g e  of  o n l y  
170 c u  m/spc (6 ,010  e t ' s ) .  I n  gene ra l  t h e r e  i s  very  l i t t l e  r e l a t i o n  between 
t o t a l  b a s i n  p r e c i p i t a t i o n  arid bas inwide  r u n o f f .  F igu re  if) i s  a s c n t t e i '  plot,  
o f  peak m e a n  d a i l y  discharge vs. mean hasinwi de p r e c i p i t a t i o n  which shows t h e  
wide s c a t t e r  o f  p o i n t s  and c o r r e l a t i o n  c o e f f i c i e n t  o f  0.229'( (r = 0.0527)  i'or 
t h i s  r e l a t i o n s h i p .  The l a r g e s t  s torm even t  du r ing  t h e  p e r i o d  o f  o b s e r v a t i o n ,  
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TABLE 42 

SUMMARY O F  STORMS PRODUCING S I G N I F I C A N T  RUNOFF 

STORM STORM TOTAL B A S I N  mxm PEAK 
nux 

(MT/DAY) 
NUMBER DATE W E  PRECIP YOW (4 (m /set> 

1 
2 
3 
4 
5 
6 
7 

9 
1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17  
1 8  
1 5  
20 
2 1  
22 
23  
24 
25 
26 

a 

1 
2 

3 
4 
5 
6 
7 
8 
9 

1975 - 
i/a 
1 / 2 8  
2 / 2 2  
31  7 
3 / 2 8  
4 / 1 8  

4/23-4124 
4 / 2 7  
5 I 5  

5120-5/22 
611 -6111 

6 / 1 1  
6 / 1 4  

713 
6/22-6125 

7118-7 119 
a i 1  -815 

8 / 1 5  
a 12 1-8 I 22 
812 6-8 / 30 

9 I 5  
9 / 1 1  

i o /  17- i o  I i a  
11129-11/30 

12114-12/15 
1216 

1 9  76 - 
1 / 2 5  
2 / 1 6  to 
2 / 2 2  

313 -315 
4/24-4125 

516 
5130-6 I1 

6 / 1 8  
6/23-6124 
815 -816 

2 
1 
1 
2 
2 
2 
4 
4 
4 
3 
3 
1 
1 
4 
4 
3 
3 
2 
3 
3 
2 
2 
3 
4 
4 
1 

4 
1 
3 
3 
3 
1 
2 
1 
3 
2 

1 . 4 9  
1 . 6 8  
2.79 
1 . 4 2  
1 . 3 2  
1 . 3 7  
0 .63  
0.58 
1 . 6 8  
3.30 

2.16 

0 . 6 1  

4 .22  
4.57 
2 . 3 1  
2.36 
2.57 
1.93 
2.36 
2.06 
1 . 2 7  

2 .54  

1. ao 

1. 88 

1.88  

.3a  

1.04 
3.94 

2.62 
3.12 
2.24 
1 . 9 3  

2.57 
1 . 6 0  

2.18 

895.  
569.  

1 , 3 9 9 .  
282.  
411. 
1 7 5 .  
413 .  
362. 
382.  
612.  
385.  
1 7 0 .  
640.  
255. 
1 3 5 .  
1 8 7 .  

61.2 
91 .8  

1 6 1 .  
1 5 5 .  
234.  
1 7 6 .  
1 5 4 .  

235.  
388. 

869.  

462.  
1 ,940.  
1 ,926.  
1 ,450 

317.  

1 6 0 .  
1 8 2 .  

31 .1  
78.2 
1 4 . 4  

60,872.  
27,669.  

106,141.  
1 , 9 9 6 .  
7 ,711.  
1 , 0 3 4 .  

1 1 , 4 3 1 .  
4 ,863.  
6 , 3 5 0 .  

43,364. 
9 , 4 3 5 .  
2 ,867.  

37,376. 
7 ,484.  
1 , 8 6 9 .  
2 ,504.  

392. 
- 6 9 9 .  

2 ,123.  
3 ,329.  
4 ,200.  
3 ,003 
1 , 0 8 9 .  
5 ,969.  
1 ,080 

78,926 

2 , 3 5 9 .  
127,914.  

57,607.  

2 ,005.  
1 ,016.  

595.  
224.  
466.  

84 ,369.  

59.9 
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FIGURE 10 PERK DISCHRAGE VS 
STORM PRECIPITRTION 
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P 
o f  
dai  

= 4.57 cm (1.80 i n ) ,  8/1-8/5/1976 produced a peak mean d a i l y  d i s c h a r g e  
o n l y  6 1  cu.m/sec (2,160 c f s )  which i s  less  t h a n  one h a l f  o f  t h e  mean annual  
.ly d i s c h a r g e  (136 cu.m/sec ( 4 , 8 1 3  c f s )  ) . 

The p o i n t  of t h i s  comparison has  t o  do w i t h  t h e  q u e s t i o n  o f  sediment 
d e l i v e r y .  Sediment d e l i v e r y  o f  basinwide g r o s s  e r o s i o n  and l a n d  wash t o  t h e  
gauge ( a  d a i l y  sediment r e c o r d  s t a t i o n )  a t  W a t e r v i l l e  has  been e s t i m a t e d  t o  
be approximately 11% of  g r o s s  e r o s i o n  (GLRC , 1975). 

4.38 Storms and Sediment T ranspor t  

Table  43 i s  t a k e n  from a r e p o r t  on nonpoint sou rce  7-01lution ( Baker,1976) 
which w a s  p r e p a r e d  f o r  t h e  Toledo V e t r o p o l i t x  Area Counci l  o f  Governments as 
p a r t  o f  an  Areawide Water Q u a l i t y  Management P lann ing  Study (PL 92-500 Sec.  208). 
T o t a l  f'low, sediment and phosphorus t r a n s p o r t  a r e  summarized f o r  e i g h t  s torm 
e v e n t s  which occur red  du r ing  1975. S e v e r a l  l a r g e  s torms which occur red  p r i o r  
to A p r i l  25 are no t  i n c l u d e d .  Also, storms du r ing  August a r e  not  i nc luded  
because t h e  au tomat i c  sarnplers had been t aken  o u t  of  s e r v i c e  f o r  o t h e r  s t u d i e s .  
During t h e  unmeasured p e r i o d  United S t a t e s  Geological  Survey r e c o r e s  j n t l i c a t e  
t h a t  s torms on Janua ry  8 and February 22  produced t h e  h i p h e s t  neak flows and 
sediment t r a n s p o r t  o f  i n d i v i d u a l  s torm e v e n t s  du r ing  t h e  y e a r .  

The s t o r m  i n c l u d e d  i n  Table  '$3 are ranked accord ing  t o  t o t a l  s t o r ?  f low,  
t o t a l  suspended s o l i d s  mass t r a n s p o r t  and flaw weighted mean c o n c e n t r a t i o n  of  
suspended s o l i d s .  M o s t  of t h e  s to rms  fall f a i r l y  w e l l  i n t o  rirder w i t h  t o t a l  f low 
rank co r re spond inp  wi th  t o t a l  load  and flow weiPhted mean c o n c e n t r a t i o n  r a n k .  
The g r e a t e s t  excep t ion  i:; the s torm oi' Nav. 30 which ranked t h i r d  i n  t o t a l  
volume of' runoff  but sixth ar id seventh i n  total suspended s o l i d s  t r a n s p o r t  and 
flow .inrejf:hted mean c o n c e n t r a t j o n .  The mri,jor r easan  fbr t h e  s h i f t  i n  r ank  
o r d e r  b e t w e e n  total f l T j w  and solids t r a n s p o r t  i s  t h e  a s s o c i a t i o n  of  t h i s  s torm 
w i t h  s n o w  melt r u n o f f .  

Bpeinriirii: on  November 2)i snow hpf;an accumulat inp o n  t h e  ground a t  both 
Toledo a r i d  Ft. Wayne reachini.: a maxirnim depth o f  '7.6 cm ( 3  i n )  and 1 0 . 2  ern 
( ) +  i n )  a t  each c i t y ,  r e s p e c t i v p l y  on PJovelnber 27. Total  l i q u i d  e q u i v a l e n t  
was 3 . 2  CPI (0.72 i n )  a t  Tc,ledo and 1 . 0  cm ( 0 . 4 0  i n )  a t  F t .  Wayne. Depth of  
snow oil t h e  grouritl at o t h e r  :;Latioris i n  t h e  b a s i n  i s  unknown. Hy t h e  beginning 
of r.airiL':il 1 precipitation on ,Rlovenh.-r 29 t h r  -,now d e p t h  at b o t h  c i t i e s  had dropped 
t a  I. 5 crn ( 1 .O i n ) .  Hy t h e  t,irne thc r a i n f a l  i had ended on November 30 t h e r e  
was no snow on t h e  ground at, e i t h e r  c i t y .  

'l ' l ic r,jt i f ,  o f '  c;etliment t r a r i cpor t  between t h e  storm o f  December 15 ( t h e  
l a rges t ,  i ' l c ~ w  a n d  sediment t r a n s p o r t  s t o r m )  arid t h e  snow m e l t  s torm o f  November 
214 is I (:l. 'I?hc. r a t i c j  of f lows w " s  l . ' ( : l .  Antccedent, mo i s tu re  c o n d i t i o n s  
were= .;irni L w  prior to n o t h  storm:; ( w e t ) .  E o i  1 wa.; not  f r o z e n  i n  e i t h e r  c a s e  
and ba ; i n  c-cjver c o n d i  t,iori:; were p robab ly  i d e n t i c a l  s i n c e  thp s t u r n s  were 
:;epiirat,ed by o n l y  two week.,  . 

A 1  thou(5h i t  would he unwise t o  draw conc lus ions  bascd or1 two s to rms ,  
two otisiTrv,ition:; can h e  rnade. 'The f i r s t  ob.;ervation i s  w e l l  known: r a i n  
f a l l i n g  on snow tioc,s  not  e rode  s o i l .  The second has been t h e  s u b j e c t  of  
considerah1 e coritrcivfxrsy arid deals w i t h  t h e  t , r anspor t  o f  eroded soils out, 
of' w r t e r s h e d s :  does soi I which e n t e r s  t h e  d ra inage  network l e a v e  t h e  watershed 
or i s  i t  t rdr isportet i  o v r r  i i  long  p e r i o d  of '  time i n  a series of ,jumps w i t h  
each s u c c e s s i v e  runoff '  e v e n t ?  T f  t h e  l a t t e r  mechanism i s  t h r  c a s e  t h e n  t h e  
re  t a t  i o n s h i p  between b a s i n  runof f  and sediment t r a n s p o r t  s h o u l d  n o t  b e  s i g n i f i -  
c a n t l y  a l t c r e d  by t h e  f a c t  t h a t  the  runof f  producing r a i n  f a l l s  on ?now. 



TABLE 43 PIIOSPHORUS AND SUSPENDED SEDItIENT TRANSPORT DURINC I N D I V I D U A L  STORE1 EVEN'I'S O? 1975 

Maumee River 
Datcs Total  Phosphorus (TP) Suspended Solids (SS) mg of T P  Rank Order of Stonus 

S t a r t  F i n i s h  Flow (mJ) Load (kg) We. Mean Cotic. Flow (m') Load (kg) Ut.  Hean Conc. g of SS P t  9 06s [SS] pt 
(ms/l) 

04/25 04/28 1 . 0 5 4 ~ 1 0 ~  4, ~ 5 x 1 0 ~  .3923 2 . 2 9 1 ~ 1 0 ~  207.5 1.891 .58 5 4 6 8 1.104x10 

06/05 06/07 8 . 5 7 0 ~ 1 0 ~  3.730~10 .4352 8.570~10 2 . 2 9 0 ~ 1 0 ~  267.2 1.629 . 7 1  6 5 5 6 

06/15 06/18 1 . 4 6 0 ~ 1 0 ~  1 . 6 1 8 ~ 1 0 ~  1.108 1 .460~10 1.222x10 837.0 1.324 1.59 4 2 2 2 
07/19 07/22 3. gooxi0 ' 1.640~10 . 4 2 0 5  3.900xlO ' 1.1oox10 282.1 1.491 1.66 8 7 4 1 

.3300 7.900xlO 7 .400~10  93.67 3.608 .81 7 8 8 5 10119 10130 7.900~10 2.670~10 

96.10 4.793 .65 3 6 7 7 
12/15 12/20 2 .630~10 3.706~10 1.409 2.630~10 2 .513~10  955.5 1,475 1.00 1 1 1 4 

05/21 05/25 1 .760~10 1 . 4 2 7 ~ 1 0 ~  .E108 1 .759~10 8 . 3 6 3 ~ 1 0 ~  475.4 1.706 1.30 2 3 3 3  
4 

8 

7 
6 

4 

4 

4 

5 
1 .480~10  7 11/30 12/06 1 .550~10  7.140~10 .4 606 1.54ox10 

8 
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Sediment d e l i v e r y  t o  downstream s t a t i o n s  should  b e  more a f u n c t i o n  o f  channel  
v e l o c i t y  t h a n  t h e  c o n d i t i o n  o f  t h e  watershed  a t  t h e  t i m e  o f  r a i n f a l l ,  and 
t h e  s torm o f  November 29-30 shou ld  have t r a n s p o r t e d  8 t o  10 t imes as much 
sediment  as i t  d i d .  The o b s e r v a t i o n  t h e n ,  based on t h e  comparison of t h e s e  
two s to rms ,  i s  t h a t  sediment  t r a n s p o r t e d  t o  a d e f i n e d  channel  du r ing  a s torm 
event  probably  moves comple te ly  o u t  o f  t h e  watershed  du r ing  t h e  s torm i n  which 
it e n t e r e d  t h e  d ra inage  network. 

4.39 R e l a t i o n s h i p  o f  Gross Eros ion  and Sediment De l ive ry  

Table  4 4 p r e s e n t s  t h e  e s t i m a t e d  mean annua l  s o i l  loss as de termined  for 
each of  t h e  expe r imen ta l  p l o t s  by t h e  Un ive r sa l  S o i l  Loss Equat ion ,  t h e  a c t u a l  
2-year expe r imen ta l  nean annual  sediment  d e l i v e r y  and t h e  sediment  d e l i v e r y  
r a t i o  f o r  each  o f  t h e  p l o t s .  
Blount and Lenawee p l o t s  t o  62% f o r  t h e  Pauld ing .  The Blount s o i l  had t h e  
c o a r s e s t  t e x t u r e  and t h e  Pauld ing  t h e  f i n e s t  t e x t u r e  o f  t h e  p l o t s .  The 
ex t remely  high sediment  d e l i v e r y  r a t i o  of' t h e  very  f i n e  t e x t u r e d  s o i l s  p o i n t s  
t o  a need f o r  s p e c i a l  a t t e n t i o n  t o  t h e s e  s o i l s  i n  management programs. 
Although g r o s s  e r o s i o n  on t h e s e  s o i l s  may be very  low (and  t h e r e f o r e  are  no t  
f l agged  as "problem e r o s i o n  areas") t h e i r  very  h igh  sediment d e l i v e r y  r a t i o s  
make them a problem f o r  Great  Lakes water q u a l i t y .  The Pauld ing  so i l .  had 
a b s o l u t e l y  t h e  h i g h e s t  s o i l  ( and  n u t r i e n t )  loss o f  a l l  t h e  expe r imen ta l  p l o t s .  

The d e l i v e r y  r a t i o  ranged from 6.3% on t h e  

4 p p l i c a t i o n  o f  t h e  "bas in  soil area weight"  g i v e s  a basinwide g r o s s  e r o s i o n  
r a t e  o f  2 2 . 3  MT/HA/YR (10 .0  T/A/YR)and 2 .7  MT/HA/YR ( 1 . 0 1  T/A/YR) a t  t h e  o u t l e t  
o f  t h e  p l o t s ,  o r  a 12.3% sediment  d e l i v e r y  r a t i o .  This  i s  f u r t h e r  reduced t o  
0 .94  MT/HA/YR i n  t h e  Maumee River a t  Waterv i l le ,  a d e l i v e r y  r a t i o  o f  4.2$. 
e s t i m a t e  o f  g r o s s  e r o s i o n  f o r  t h e  b a s i n  i s  probably  ove res t ima ted .  The Great 
Lakes Basin Commission (GLBC,  1975) e s t i m a t e d  a basinwide g r o s s  e r o s i o n  ra te  
o f  6 . 3  MT/II$/YR (2 .8  T / A / Y R )  and t h e  sediment  d e l i v e r y  r a t i o  w i t h  r e s p e c t  t o  
t h i s  va lue  i s  14 .9%.  The t r u e  annual  sediment d e l i v e r y  r a t i o  probably  l i e s  
somewhere between t h e  two v a l u e s :  4 . 2 % t o  1b.9%. I t  must be remembered 
though,  as was p o i n t e d  o u t  i n  t h e  d i s c u s s i o n  o f  monthly sediment  d e l i v e r y ,  
t h a t  t h e  sediment  d e l i v e r y  r a t i o  approaches 1 d u r i n g  t h e  l a t e  w i n t e r / s p r i n g  
p e r i o d  and 0 d u r i n g  t h e  summer months. 

T h i s  

I n  t h e  Por t age  River  Basin t h e  e s t i m a t e d  annual  g r o s s  e r o s i o n  ra te  i s  8.0 
MT/HA/YR ( 3 . 5  T/A/YR) (TMACOG, 1 9 7 6 ) .  A s  p rev ious ly  mentioned t h i s  b a s i n  i s  
q u i t e  homogeneous i n  s o i l  t y p e .  The H o y t v i l l e  s o i l  se r ies  accounts  for  43% 
of t h e  b a s i n .  The H o y t v i l l e  s o i l  exper imenta l  p l o t s  are  l o c a t e d  i n  t h e  Por t age  
River  b a s i n  nea r  H o y t v i l l e ,  Ohio. The s lope l e n g t h  on t h e  p l o t s  i s  not  
r e p r e s e n t a t i v e  of t h e  s l o p e  l e n g t h  o f  t h e  H o y t v i l l e  s o i l  se r ies :  p l o t s  80 f e e t ,  
basinwide around 500' and up t o  1 , 2 0 0 ' .  The LS f a c t o r  of  t h e  USLE would range  
t o  approximate ly  double  t h e  p l o t  LS f a c t o r ,  o r  up t o  about  0 . 2 .  The f a c t  t h a t  
t h e  p l o t s  w e r e  all underdra ined  i s  a l s o  cons ide red  t o  have s i g n i f i c a n t l y  reduced 
g r o s s  e r o s i o n .  The two y e a r  mean annual  s o i l  loss from t h e  p l o t s  w a s  about  
0 .5  MT/HA/YR compared t o  t h e  USLE e s t i m a t e d  g r o s s  e r o s i o n  r a t e  ( n o t  c o n s i d e r i n g  
t i l e  d r a i n a g e )  o f  3 . 1  M T / H A / Y R ,  o r  abou't 16% sediment  d e l i v e r y  r a t i o .  Sediment 
d e l i v e r y  f o r  t h e  Por t age  River  b a s i n  du r ing  2-1/2 y e a r s  o f  mon i to r ing  averaged 
0 .53  MT/HA/YR,  v i r t u a l l y  t h e  same va lue  as a t  t h e  o u t l e t  o f  t h e  p l o t s .  The 
sediment  d e l i v e r y  r a t i o  o f  t h e  b a s i n  ( e s t i m a t e d  basinwide g r o s s  e r o s i o n  v s .  
measured sediment  d e l i v e r y )  was 6 . 3 % .  

4.310 U t i l i t y  €or E x t r a p o l a t i o n  

One o f  t h e  p r i n c i p a l  o b j e c t i v e s  o f  t h e  Task C - P i l o t  Watershed S t u d i e s  i s  
t o  p rov ide  in fo rma t ion  which can be used t o  ex tend  t h e  knowledge ga ined  i n  



F S T I M A E D I  GROSS FROSION RATFS FOR P I O T S  F 44 

MEASURED 
SEDIMENT DELIVERED 

A DELIVERY RAT IO SOIL PLOT 
TYPE # Is a (T/A/Y) (MT/HA/YR) (MT/HA/YR) (%I  

ROSELMS 111 130 0,119 0,6 0,46 1 , o  

ROSELMS 201 130 0.49 0,33 0,46 1.0 

LENAWEE 301 130 0,29 0.16 0,46 1.0 

BLOUNT 401 130 0,43 0.8 0,46 1.0 

PAULDING 501 135 0,49 0,16 0.46 1.0 

HOY TV I LLE 6-1 125 0,24 0.10 0.46 1.0 

BASINWIDE SOIL AREA WEIGHTED MEAN 

= 17-6  3984 3,4 8 , 6  

= 9,7 .  21,7 417 21,7 

= 2,8 6,3  0.4 6.3 

= 20.6 4 6 , l  2.9 6 , 3  

= 4,7  1 0 , s  6 , 5  61.9 

= 1.4 3.1 0,5 16,1 

= 10,o 22.3 2,7 12.3 

I 
4 
W 

I 
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t h o s e  s t u d i e s  t o  uns tud ied  ( o r  unmeasured) areas o f  t h e  Great Lakes watershed .  
The problem of e x t r a p o l a t i n g  d a t a  o b t a i n e d  i n  l a n d  r u n o f f  s t u d i e s  over  a p e r i o d  
o f  l i t t l e  more t h a n  two y e a r s  t o  a g e n e r a l  case must be cons ide red  tenuous .  
That i s  t h e  cavea t  which must be expres sed  w i t h  t h e  p r e s e n t a t i o n  o f  t h i s  
i n fo rma t ion .  

Much of  t h e  in fo rma t ion  u s e f u l  for e x t r a p o l a t i o n  t o  o t h e r  areas h a s  been 
p r e s e n t e d  i n  d e t a i l  e l sewhere  i n  t h i s  r e p o r t .  
from s p e c i f i c  s o i l  t y p e s  and t h e i r  s e a s o n a l  v a r i a t i o n s  have been d i s c u s s e d  
i n  d e t a j  1 .  The d i s c u s s i o n  o f  measured y i e lds  i n  r e l a t i o n  t o  estimated g r o s s  
t ' rosion r-ites i n  con junc t ion  w i t h  s o i l  p h y s i c a l  and chemical  p r o p e r t i e s  should  
be pxrt iculzir- ly  u s e f u l .  The parameters  o f  t h e  USLE g iven  f o r  t h e  expe r imen ta l  
pLJts shou ld  enable  o t h e r  i n v e s t i g a t o r s  t o  re la te  t o  t h e  n a t u r e  of t h e  p l o t s .  
T a k i n g  i n t o  account  t h e  o t h e r  s o i l  p r o p e r t i e s  p r e s e n t e d  o t h e r s  should  be a b l e  
t o  determirie how t h e s e  r e s u l t s  compare t o  t h e  work t h e y  are doing and how t o  
improve r iu t r i  e n t  and sediment  d e l i v e r y  estimates be ing  made f o r  o t h e r  water- 
she4 d i ' eas .  

Sediment and n u t r i e n t  y i e l d s  

A ccmmonly u t i l i z e d  e x t r a p o l a t i o n  parameter  i s  t h e  r e l a t i o n s h i p  between 
d ra inage  b a s i n  s i z e  and sediment  y i e l d .  Many d i f f e r e n t  forms o f  r e g r e s s i o n  
a n a l y s i s  were a t tempted  t o  de te rmine  such  a r e l a t i o n s h i p  for t h e  Maumee 
River  b a s i n  s t u d i e s .  I t  had been hoped t h a t  a d ra inage  a rea /sed iment  y i e l d  
relat  i onsh i  p could be determined w i t h i n  seasons  f o r  t h e  Vaumee subbas ins ,  
but t h i s  was made imposs ib l e  because  s h o r t  term v a r i a t i o n s  i n  r a i n f a l l  p a t t e r n s ,  
snow melt, an teceden t  m o i s t u r e ,  e t c .  caused  much more of  t h e  v a r i a n c e  i n  t h e  
d a t a  t,h.in t h e  d i f f e r e n c e  i n  watershed  s i z e .  Within inonths sediment  and 
n u t r i e n t  y i e l d s  were v i r t u a l l y  independent  o f  d ra inage  b a s i n  s i ze .  

T h e  b e s t  r e l a t i o n s h i p  between y i e l d  and watershed area was found t o  be 
betwcen s tudy  p e r i o d  mean annual  y i e l d  and l o g  d ra inage  b a s i n  s i z e .  The 
r e g r e s s i o n  l i n e  f o r  t h i s  r e l a t i o n s h i p  i s  shown i n  F i g u r e  11. The p o i n t s  p l o t t e d  
a r c  not  t h e  p o i n t s  which determine t h e  r e g r e s s i o n .  The r e g r e s s i o n  l i n e  i s  
de te rmined  b y  t h e  2 to 2-1/2 y e a r  mean annual  sediment  y i e l d  and log of  t h e  
cirninsqe b a s i n  s i z e .  The e f f e c t s  of me teo ro log ica l  v a r i a t i o n s  are s i g n i f i c a n t l y  
reduced as i s  t h e  v a r i a n c e  among d ra inage  b a s i n  s i z e s .  The r e g r e s s i o n  l i n e  
i s  de te rmined  from t h e  fo l lowing  d a t a  s e t :  

I? 

$0 

Sediment 
Drainage Area loa10 D. A. Del ivery  

( H e c t a r e s )  (logl0 Hec ta re s  ) (KG/HA/YR) 

Plots 1 . 0  
U l x k  Creek 

S i t e  6 714. 
Black Creek 

S i t e  2 942. 
Por t aec  R ive r  110,900.  
Mawnee Rjver  I ,  639,500. 

10 Hem-ession of  Sediment Dpl ivery  and log  

Sediment Del ivery  = 2,226.8 - 227.9  l o g  10 

H = -0.8290 

I?" = 0.687 

0. 1,968. 

2.855 2,107. 

2.974 1,6116. 
5.045 658. 
6.215 860. 

(Drainage Area) : 

(Dra inaqe  Area) 
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The p o i n t s  p l o t t e d  i n  F i g u r e  11 r e p r e s e n t  (see l egend)  s i n g l e  y e a r  sediment  
y i e l d s  from each  of t h e  s t u d y  area watersheds .  
symbols a t  1 . 0  h e c t a r e s  ( t h e y  are superimposed on one a n o t h e r  a t  1976 KG/HA/YR 
and 1-975 KG/HA/YR, r e s p e c t i v e l y )  r e p r e s e n t  t h e  s o i l  area weighted mean o f  t h e  
p l o t  sediment  y i e l d s  which are i n d i v i d u a l l y  r e p r e s e n t e d  by t h e  LI ( s q u a r e )  and 

Also ,  t h e  + ( p l u s )  and $ (diamond) 

A ( t r i a n g l e )  symbols. 

A similar r e g r e s s i o n  w a s  performed f o r  t o t a l  phosphorus y i e l d  based  on t h e  
same c r i t e r i a  ( two y e a r  mean annual  t o t a l  phosDhorus y i e l d ) :  

Area 
(Hec ta re s  ) 

1.0 
714. 
942. 

110,900.  
1 ,639,500.  

T o t a l  Phosphorus Yie ld  
KG/HA/YFI 

2.284 
2.838 
3.658 
0.938 
1 .629  

T o t a l  P Yie ld  ( K G / H A / Y R )  = 3.229 = 0.263 l o g  Area ( H e c t a r e s )  
10 

R = -0.5901 

R2 = 0.348 

It i s  appa ren t  t h a t  t o t a l  phosphorus y i e l d  i s  l e s s  dependent on d ra inage  
b a s i n  s i z e  t h a n  i s  sediment  d e l i v e r y .  I t  h a s  been shown i n  t h e  d i s c u s s i o n  
of  expe r imen ta l  p l o t  s o i l  t e x t u r e  ( s e c  4 . 4 1 )  , t h a t  t h e  runof f  sediment  i s  . 
enr i ched  w i t h  c l a y  s i z e  p a r t i c l e s  r e l a t i v e  t o  t h e  s o i l  from which i t  o r i g i n a t e d .  
Runoff sediment  had c l a y  con ten t  r ang ing  from 53 t o  96% whi l e  t h e  s u r f a c e  s o i l s  
ranged from 27 t o  56%. 
are 74% t o t a l  c l a y  (USGS, 1972) i n d i c a t i n g  f u r t h e r  enr ichment  o f  t h e  runof f  
sediment  w i th  i n c r e a s i n g  d ra inage  b a s i n  s i z e .  
t h a t  t h e  c l a y  f r a c t i o n  i s  en r i ched  w i t h  phosphorus r e l a t i v p  t o  t h e  s u r f a c e  s o i l s .  
I t  i s  t h e r e f o r e  apparent, t h a t  as t h e  c l a y  s i z e  p a r t i c l e  f r a c t i n n  i s  p r e f e r e n t i a l l y  
t r a n s p o r t e d  t o  t h e  main s t m  o f  the r i v e r  phosphorus i s  also p r e f e r e n t i a l l y  
t r a n s p o r t e d .  

Suspended sediments  i n  t h e  Maumee River  a t  W a t e r v i l l e  

I t  w a s  also shown ( s e c .  1 0 . 4 3 )  

4 . 4  P h y s i c a l ,  mine ra log ica l  and chemical  c h a r a c t e r i s t i c s  of  b a s i n  s o i l s  and 
sediment  

4.111 Texture  

The p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  Basin s o i l s ,  runof f  and bottom sediments  
are g iven  i n  Tab le45  . P a r t i c l e  s i z e  d i s t r i b u t i o n  o f  s o i l s  and runof f  was 
determined by t h r e e  methods: a f t e r  d i s p e r s i o n  i n  sodium hexametaphosphate 
( t o t a l  d i s p e r s i o n ) ,  d i s p e r s i o n  by s o n i f i c a t i o n  i n  water ,  and d i s p e r s i o n  by mi ld  
a g i t a t i o n  i n  water ( s i m i l a r  t o  c o n d i t i o n s  i n  t h e  s t ream).  The r e s u l t s  i n d i c a t e  
t h a t  s o n i f i c a t i o n  may be b reak ing  down some sand s i z e d  mater ia ls  and t h e  w a t e r  
d i s p e r s i o n  shows t h a t  much of  t h e  f i n e  and coa r se  c l a y  i s  aggrega ted  i n t o  s i l t  
and sand s i z e  p a r t i c l e s .  The runof f  d a t a  show t h a t  t h e r e  i s  a n  enrichment  o f  
runoff sediment with clay a n d  t h i s  pnrichment i s  g r e a t e r  f o r  soils o f  medium 
t e x t u r e  t h a n  soils which a l r e a d y  have a h igh  c l a y  c o n t e n t .  Runoff sediment  had 
clay c o n t e n t s  r ang ing  from 53 t o  96% whi l e  t h e  s u r f a c e  s o i l s  ranged from 27 t,o 56%. 
Susppnded sediments  i n  t h e  Maurnee B a s i n  a t  W:+t.ervil le a r r  '(4% t m t a l  c l a y  
([JSGS, 1 9 7 2 ) .  The d i s p e r s i o n  r a t i o  ranged from 6 t o  12 f o r  f i n e  c l a y  i n  B a s i n  
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s o i l s  and  was h i g h e s t  f o r  t h e  Pauld ing  s o i l .  The h igh  Ca s t a t u s  o f  s o i l s  i n  
t h e  Maumee Rive r  B a s i n  has  been shown (Maumee River  Bas in  Watershed S tudy ,  
Semi-annual r e p o r t ,  October ,  1976) t o  account  f o r  t h e  ease o f  f l o c c u a t i o n  
o f  c l a y - s i z e d  s o i l  p a r t i c l e s .  Pr imary c l a y  p a r t i c l e s  f l o c c u l a t e  r a p i d l y  
( m i n u t e s )  i n  stream water and t h e  rate o f  f l o c c u l a t i o n  i n c r e a s e d  w i t h  i n c r e a s i n g  
sediment c o n c e n t r a t i o n .  The f l o c c u l a t i o n  p rocess  s e r v e s  t o  reduce  t h e  t r a n s p o r t  
of e roded  s o i l  as sediment  by keeping  much o f  t h e  c l a y  as c o a r s e r  p a r t i c l e s ,  
e s p e c i a l l y  t h e  f i n e  c l a y .  

C o e f f i c i e n t  o f  l i n e a r  e x t e n s i b i l i t y  (COLE), a measure o f  t h e  sh r ink -  
s w e l l  p o t e n t i a l  o f  s o i l s  w a s  p r i m a r i l y  a f u n c t i o n  o f  c l a y  c o n t e n t ,  bu t  w a s  
p a r t i c u l a r l y  h i g h  f o r  t h e  Pauld ing  s o i l .  

4.42 Chemical p r o p e r t i e s  o f  watershed  s o i l s  

Some o f  t h e  p e r t i n e n t  chemical  c h a r a c t e r i s t i c s  o f  Bas in  s o i l s  are 
g iven  i n  Table  46 
e q u i v a l e n t  and exchangeable  bases r e f l e c t  t h e  l imes tone  p a r e n t  mater ia l .  These 
s o i l s  are q u i t e  f e r t i l e  and p roduc t ive  when d ra inage  i s  used .  The h igh  exchange 
c a p a c i t y  r e f l e c t s  t h e  h igh  c l a y  con ten t  o f  t h e s e  s o i l s .  T o t a l  n i t r o g e n  va lues  
o f  approximate ly  2000 ug/g are  t y p i c a l  f o r  s u r f a c e  s o i l s  i n  t h e  n o r t h c e n t r a l  
r e g i o n  o f  t h e  U .  S .  and m i n e r a l i z e  a t  an  annual  ra te  o f  about  35. 

f o r  s u r f a c e  (Ap ) s o i l  h o r i z o n s .  The h igh  pH’s, CaC03 

4 .43  Phosphate  chemis t ry  of  s o i l s  and sediment  

A number o f  phosphate  parameters  are  g iven  i n  Table  47 f o r  watershed  
s o i l s ,  t h e i r  c l a y  f r a c t i o n s  and bottom and suspended sediments .  T o t a l  P va lues  
f o r  watershed  s o i l s  were i n  t h e  range 1450 - 1000 ug/g whi le  t h e i r  c l a y  f r a c t i o n s  
ranged from T O O  t o  1390 ug/g. Tota l  P va lues  of suspended sediments  were 
g e n e r a l l y  h ighe r  t h a n  soil cLay f r a c t i o n  va lues  as a r e s u l t  o f :  enr ichment  
o f  f i n e  c l a y ,  o rgan ic  mat te r ,  c o n c e n t r a t i o n  of  P by a l g a e  i n  some samples ,  
and p o s s i b l y  a d s o r p t i o n  of P by t h e  s e d i m e n t  du r ing  t r a n s p o r t .  Bottom sediments  
tended  t o  have lower t o t a l  P va lues  t h a n  suspended sediments  due t o  two p o s s i b l e  
f a c t o r s  : s e l e c t i v e  sed imen ta t ion  o f  coa r se  c l a y ,  lower o r g a n i c  m a t t e r  con ten t  
o f  bot tom sediment  ( d a t a  no t  shown) and d e s o r p t i o n  o f  P from bottom sediment .  

The major  f r a c t i o n  o f  t o t a l  P i n  s o i l  and sediment i s  i n o r g a n i c  (Tab le  47 ) 
Organic P i s  e n r i c h e d  i n  t h e  c l a y  f r a c t i o n  o f  s o i l s  and i s  less  t h a n  t h e  s o i l  
va lues  i n  t h e  suspended sediments .  P l a n t  a v a i l a b l e  (Bray  P1) phosphate  was 
v a r i a b l e  and w a s  no t  d i f f e r e n t  between s o i l s  and sed iments .  These va lues  are 
not  e x c e s s i v e ,  and i n  f a c t ,  l e v e l s  <15 ug/g are low f o r  optimum c rop  growth.  
A r e c e n t  survey  o f  60 f a rmers ’  f i e l d s  i n  Defiance County gave v a l u e s  r ang ing  
from 9 t o  280 ug/p; w i t h  a median va lue  of about  25-30 ug/g .  There were 
on ly  t h r e e  s i t e s  wi th  vaLues > 100 ug/g. T o t a l  P va lues  ranged from 300 t o  
1500 ug/g wi th  a mean o f  690 . These v a l u e s  are similar t o  t h o s e  g iven  i n  
Table  147 f o r  our exper imenta l  s i t e s .  

Phosphorus a d s o r p t i o n  - d e s o r p t i o n  parameters  based  on 24 hour e q u i l i b r a t i o n s  
are g iven  i n  Table  147. The a d s o r p t i o n  maximum i s  a measure of  t h e  c a p a c i t y  o f  
s o i l  o r  sediment  t o  ho ld  P ,  a d s c ~ r p t i o n  energy t h e  s t r e n g t h  o f  t h e  P-- sediment  
( s o i l )  bond; EPC i s  t h e  e q u i l i b r i u m  d i s s o l v e d  i n o r g a n i c  P c o n c e n t r a t i o n  a t  
which P i s  n e i t h e r  adsorbed o r  desorbed and i s  a measure o f  s o l u b l e  P i n  water 
i n  e q u i l i b r i u m  w i t h  sediment .  P desorbed i s  t h e  amount of s e d i m e n t  P t h a t  can 
be removed from t h e  p a r t i c l e  by water a n d  i s  a measure of  r e a d i l y  a v a i l a b l e  
sediment  P. Adsc~rpt ion maximum o f  soil w a s  q u i t e  uniform at about  200 ug lg ;  
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Table 47. Phosphorus characteristics of watershed soils and sediments. 

Soil3 

11 1 
Roselms 1018 

- 

111 
Browhton 568 

201 
Roselms 554 

3Ox 
Lenavee 976 

4ox 
Blount 4 50 

50x 
Pnulding 780 

6 u  
Eoytville 816 

&U clav Fractipn 

111 
Roselms I 

111 
Broqhton 

201 
Roseims I1 

30x 
Lenavee 

box 
Blount 

SOX 
Padding 

6xx 
Hoytville 

Bottom Sediments 

Range 

Mean 

Standnrd 
Drviation 

889 

705 

738 

1290 

998 

904 

1120 

753-1260 

1028 

224 

Susmndcd Sediments 

Range 915-3890 

Mean 1320 

Standard 328 
Deviation 

704 

310 

333 

662 

248 

421 

566 

636 

438 

420 

849 

579 

437 

650 

6b2-1064 

841 

206 

-t 
- 

314 

258 

221 

314 

202 

359 

250 

253 

267 

318 

$41 

419 

467 

470 

111-257 

187 

60 

- 
- 

26.6 

2.7 

15.6 

46.4 

13.7 

8.6 

21.7 

nd. 

nd 

nd 

nd 

nd 

nd 

nd 

13.9-28.6 

24.1 

6.4 

:;.l:...i';~*'. n 
?..x i*:vn 

1, ,ic:,. ) 

287 

209 

249 

216 

244 

199 

256 

393 

323 

411 

455 

422 

538 

623 

1930-48;C 

3733 

1321 

483-2063 

989 

4114 

A l t : ~ ~ ~ r ~ t  Ion 
r,w!.r.y 

(1r.I 3s) 

1.6? 

4.eg 

2.85 

4.35 

0.80 

2.15 

1.49, 

0.86 

4.15 

1.91 

1.09 

0.82 

7.43 

1.63 

0.68-1.55 

1.16 

0.38 

0.05-0. 45 

0.30 

0.16 

EI'C 
(11K:ml) 

0.032 

0.008 

0.017 

0.140 

0.060 

0.011 

0.240 

0.034 

0.016 

0.016 

0.008 

0.032 

0.006 

0.008 

? dc:;,.rbrd 
( ~ r :  d 

1.75 

0.46 

0.57 

0.29 

3.58 

0.75 

0.91 

2.21 

0.95 

0.99 

1.12 

3.68 

1.13 

1.18 

0.024-0.0511 1.33-3.61 

0.032 2.04 

0.015 1.07 

0.03-1.01 9.9-104.8 

0.25 34.40 

0.30 31.1 
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t h e  c l a y  f r a c t i o n  because  o f  i t s  h i g h e r  s u r f a c e  area had about  t w i c e  t h e  
c a p a c i t y  t o  adso rb  P. Both suspended and bot tom sediments  had ve ry  h i g h  
a d s o r p t i o n  c a p a c i t i e s  because  o f  t h e  h igh  c l a y  con ten t  and i n c r e a s e d  amorphous 
Fe c o n t e n t  (See  next  s e c t i o n ) ,  e s p e c i a l l y  t h e  bot tom sediments  which had been 
s u b j e c t e d  t o  anoxic  c o n d i t i o n s  r e s u l t i n g  i n  release of s o l u b l e  i r o n .  Adsorp t ion  
e n e r g i e s  were h i g h l y  v a r i a b l e ,  but  bottom sediment  values were somewhat lower 
t h a n  f o r  s o i l s ,  wh i l e  suspended sediment  va lues  were q u i t e  low, i n d i c a t i n g  t h a t  
P adsorbed  by suspended sediment  i s  h e l d  l ess  t e n a c i o u s l y  t h a n  t h a t  adsorbed 
by s o i l .  Th i s  i s  due,  i n  p a r t ,  t o  t h e  i n v e r s e  r e l a t i o n s h i p  t h a t  w a s  found 
between a d s o r p t i o n  maxumum and a d s o r p t i o n  energy .  

EPC v a l u e s  w e r e  a l s o  q u i t e  v a r i a b l e  (Tab le  47) and s o i l ,  s o i l  c l a y  f r a c t i o n  
and bot tom sediment  va lues  were s i m i l a r .  Suspended sediment  EPC's, however, 
were about  an  o r d e r  o f  magnitude h i g h e r ,  and compare w i t h  t h e  mean d i s s o l v e d  
i n o r g a n i c  P c o n c e n t r a t i o n  i n  t h e  Maumee a t  W a t e r v i l l e  o f  0 . 1  ug/ml. The EPC 
va lues  i n d i c a t e  t h a t  P adsorbed  t o  suspended sediment  i s  much more l a b i l e  
t h a n  t h a t  adsorbed  by s o i l .  This  i s  r e f l e c t e d  i n  t h e  P desorbed va lues  which 
were on t h e  o r d e r  of  1-3 ug/g f o r  s o i l  and bottom sediment and about  30 ug/g 
f o r  suspended sediment .  S e v e r a l  o f  t h e  h i g h  va lues  ob ta ined  f o r  suspended 
sediment  were from samples c o n t a i n i n g  a l g a e  and some o f  t h e  P r e l e a s e d  w a s  
p robably  c e l l u l a r  P. 

The phosphorus d a t a  show t h a t  Maumee Rive r  Bas in  s o i l s  are h igh  i n  t o t a l  
P w i t h  s u f f i c i e n t  b u t  no t  e x c e s s i v e  l e v e l s  o f  p l a n t  a v a i l a b l e  P. Suspended 
s e d i n e n t s  a r e  en r i ched  i n  t o t a l  P ,  ho ld  adsorbed  P weakly and ma in ta in  
e q u i l i b r i u m  d i s s o l v e d  ino rgan ic  P va lues  t h a t  are  c l o s e r  t o  monitored va lues  
t h a n  s o i l  EPC's. 

4.44 M i n e r a l o a  

S o i l  and sediment  mineralogy vas determined by chemical  e x t r a c t i o n  and 
x-ray d i f f r a c t i o n  and t h e  d a t a  i s  summarized i n  Table  48. CDB - Fe,  a measure 
o f  t h e  f ree  i r o n  oxides  ( c r y s t a l l i n e  and amorphous) d i d  not  vary  g r e a t l y  
between s o i l s ,  t h e i r  c l a y  f r a c t i o n s  or r u n o f f  sediment ,  b u t  bottom sediment 
va lues  were on ly  h a l f  as g r e a t .  This  i s  a t t r i b u t a b l e  t o  t h e  release o f  CDB-Fe by 
anoxic  c o n d i t i o n s  i n  t h e  bot tom sediment .  Oxalate-Fe (amorphous) w a s  h igh  i n  
bottom sediments ,  i n t e r m e d i a t e  i n  s o i l s  and low i n  r u n o f f .  The h igh  va lues  
i n  s o i l  h a s  been a t t r i b u t e d ,  i n  p a r t ,  t o  t h e  presence  o f  s i g n i f i c a n t  amounts 
o f  magne t i t e  which i s  s o l u b l e  i n  o x a l a t e  b u t  not  i n  CDB. I t  was found ( d a t a  
not  shown) f o r  t h e  Blount  ( 4 0 1 )  s o i l  t h a t  o x a l a t e  e x t r a c t a b l e  Fe w a s  c o n c e n t r a t e d  
i n  t h e  sand f r a c t i o n  and t h i s  w a s  confirmed m i c r o s c o p i c a l l y  by t h e  p re sence  
of  l a r g e  magnet i te  aggrega te s  i n  t h e  sand f r a c t i o n .  High oxala te -Fe  i n  bottom 
sediment  w a s  a t t r i b u t e d  t o  c o n c e n t r a t i o n  of  magne t i t e  i n  t h e  bottom sediment 
by p r e f e r e n t i a l  s ed imen ta t ion  o f  t h e  dense r  magne t i t e  and format ion  of i r o n  
ca rbona te .  

Runoff sediment  con ta ined  l e s s  v e r m i c u l i t e  and more i l l i t e  than  t h e  so i l . ,  
a r e s u l t  o f  s i z e  s o r t i n g .  However, mineralogy o f  suspended and bottom sediments  
were no t  d i f f e r e n t  t h a n  r u n o f f  and i n d i c a t e d  t h a t  l i t t l e  or no m i n e r a l o g i c a l  
a l t e r a t i o n  i s  occur ing  du r ing  f l u v i b l  t r a n s p o r t .  

4 . 4 5  Chemical e x t r a c t i o n  of  " b i o a v a i l a b l e "  P from suspended sediments  

A chemical  f r a c t i o n a t i o n  scheme (Logan, 1978) w a s  used t o  e s t i m a t e  t h e  
b i o a v a i l a b i l i t y  o f  stream suspended sediments  f o r  a number of major  t r i b u t a r i e s  
i n  t h e  Lake E r i e  B a s i n .  This  work w a s  suppor ted  by a g r a n t  from LEWMS and 
complete  r e s u l t s ,  w i l l  be  p r e s e n t e d  e l sewhere .  Data p resen ted  here (Tab le  49 ) 



12.1 

10.2 
11.6 
12.3 
12.5 
10.9 
11.0 

-- 

11.0 - 
7.55 
7.59 
;.91 
5.13 
6.16 
4.9.9 

- - - 
- 
- - - 
- - - 
-- - - 
- 
- - - 
- 
I - 
- - - 
- - - 
3.11 
6.63 
5-19 
1.51 

20.0 

21.2 
25.0 
11.5 
w.5 
21.2 
16.3 

- 

17.5 

15.0 
14. h 
1.5 
11.9 
15.0 
9. 7 

-- 

16.1-19.8 
17.7 
1.09 

19.7 

17.2-1 9.7 
18.1 
1.09 

1b.0-19.8 
17.1 
1.37 

19.6-26. b 
22.L 
2.06 

22.5 

15.1-19.b 
16.1 
l.L.5 

16.80 
2.36 

16. e-2h . 

13.6-20.9 

20. 3 
1.Q 

- - 
I 

10.0 
13.8 
12.20 
1.91 

15.5  

6.7 
13.3 
15.5 
16.3 
35.0 
10.7 

_- 

16.50 

5. h2 
13.10 
7.67 
10.10 
14.9 
5.67 

- 

1.h-1.6 
2.0 
0.38 

1.8 

1.2-1.8 
1.5 
0.26 

1.6-5.2 
2.8 
0.8h 

2.6-5.0 
3.1 
0.75 

-_ 
2.0-6.2 
3.7 

0.90 

2.2-3.2 
2.7 
0.35 

2.0-L.b 
2.7 
0.59 

- - 
I 

11.1 
21.1 
22.88 

b.bb 

-- - - - - - -- - 
13 

9 
12 

IS 
6 
31 

_- 

L-27 
13.Q 
5.73 

11.02 

9-lh 
11.00 
2.16 

6-26 

6.12 

lk-h5 
25.L 
10.21 

31.9 

7-28 

5.64 

1-29 
16.8 
6.6L 

1k-31 
20.9 
4.23 

19.0 

11-23 
11.0 

8.L9 

11-3s 

25.6 
1.52 

-- - - - - - - -- 

21 
21 
22 
22 -- 
32.  
23 
I n  

Il-Zb 
16.90 
4.15 

21.00 

9-lh 
15.0 
2.58 

12-28 

h.22 

16-27 
22.1 
3.82 

32 

11-29 
15.7 

h . 8 g  

13-23 
18.7 
3.93 

5-17 

3.83 
10.7 

10-21 
lS.5 
1.78 

618 

9.) 
3.18 

- - 
- .  -- -- - -- -_ 

55 
90 
57 
43 

39 
16 
L6 

- 

52-72 
60.2 
5.81 

59 

65-76 
69.5 
5.06 

6-65 
52.9 
b.62 

Y-51 
40.9 
6.85 

34 

55-66 
60.3 
2.91 

5h-66 
58.8 

119-65 
59.0 

3.97 

b.lA 

5%1 
60.0 
1.41 

%-a 
55.6 
L A 7  

-- - -- - - - -- -- 

11 
21 
12 
23 

lb 
15 
5 

-- 

4-11 
9.2 
3.63 

9 

1-9 
11.5 
3.L2 

8-16 
13.1 
3.59 

3-26 
11.7 
1.31 

3 

3-21 
4-8 
3.30 

1-13 
5.5 
L.67 

515 
9.4 
2.69 

1-8 
1.5 
0.71 

7-15 

9. L 
2.12 

I 
co 
co 
I 



Table 49 Chemical f rac t iona t ion  of P i n  suspended sediments- 

Suspended 
Date Concentration 

S i t e  Sampled Sol ids  
Udml 

A q l a i z e  3 i lo l77  51 
4/26/77 122 

biswnee at  3/10/77 112 
Ref i a x e  

Xaunee a t  3/19/77 143 
k'atervi lle 4/26/77 248 

7/1/77 164 
7/5/77 158 

South 
Cattaraugus 4/23/77 5 70 
liew York 

F i l t e r e d  Total 
reac t ive  f i l t e r e d  Total  

P P P 

0.133 
0.133 

0.128 

0.172 
0.133 
0.118 
0.103 

0.032 

0.164 
0.239 

0.177 

0.170 
0.195 
0. is6 
0. loa 

0.050 

0.234 
0.385 

0.360 

0.511 
0.618 
0.341 
0.335 

0.694 

Resid- 
ua l  

Apa- icorgan- 
Total  P Tota l  P Organic* t i te-  i c  

( q e r c h l o r i  c ) (Persu l f  a t e )  P NaOH-P CDB-P P P 

W / R  

929.2 702 - 9 250.0 121.3 273.6 94.3 "?.o 
1144.6 1039.5 235.1 2fl.9 298.1 140.3 88.2 

1153.1 1009.8 527.2 354.0 -- 130.5 -- 

1251.3 1168.2 345.2 462.3 -- 145.5 -- 
1321.4 960.3 

309.9 412.4 192.9 84.9 
217.8 294.0 33.5 137.2 

217*8 266.0 432.8 132.3 98.0 

1270.9 1197.9 279.3 

1178.4 1053.3 272.3 

'723.8 613.8 104.6 76.0 130.7 271.3 68.6 

I 
cn 
\D 

I 

* Xepepta method. Strong aciG + base digest ion.  
+ Perchlor ic  a c i d  Ligestion on residEe 
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is for the Maumee River and its tributary, the Auglaize; one sample from 
the Cattaraugus River in New York is included for contrast since it drains 
an area whose biogeochemistry is quite different than that of the Maumee. 
I have chosen to look at bioavailability of sediment-P in two ways: short-term 
which is estimated by the NaOH-P fraction (Sagher and Harris, 1974) and total 
bioavailable, estimated by the sum of NaOH and CDB fractions. Sediment con- 
centrations for most samples shown were low (mean sediment concentration in 
the Maumee is about 250 ug/ml). Total filtered and filtered reactive P were 
quite constant for the Maumee system and substantially higher than the 
Cattaraugus. NaOH-P accounted for 25% of the total sediment-P (perchl.oric 
acid method) and the sum of NaOH and CDB was about 50%.  The corresponding 
values for the Cattaraugus were 10.5 and 28.62, respectively. Apatite-P 
was a major fraction in the Cattaraugus sample and organic-P was-20$ of the 
total sediment-P in the Maumee samples. Some bioavailability schemes consider 
only apatite and nonapatite-P and present the nonapatite-P as the bioavailable 
fraction. 
evidence that much of the soil derived organic-P is quite stable, this scheme 
would tend to over-estimate bioavailability. 

Since nonapatite-P includes organic-P and there is sufficient 

Persulfate digestion is the preferred method of most investigators for 
the analysis of total P. Table 49 shows that, in all cases, persulfate acid 
fails to extract all P from sediment. Compounds which are thought to be 
resistant to persulfate digestion are apatite and various organic phosphorus 
forms. The data shows no strong correlation between the undigested total-P 
and either apatite-P, organic-P or residual inorganic-P. 

4.5 Pesticides 

The results of the pesticide scan for watershed soils and Maumee River 
Basin bottom sediments are given in Table 50 . Pesticide standards used in 
the scan are given below: 

- Organochlorine 

Standard A - 
Standard R - 
Standard C - 

Aldrin; o,p-DDE; o,p-DDD; p,p'-DDD 
Heptachlor; p,p-PDE; o,p-DDT; p,p'-DDT 
Lindane; Heptachlor  epoxide;  Dieldrin; Methoxychlor 

Chlordane 
Toxaphene 

Organophosphate 

Thimet (Phorate) 
Diazinon 
Malathion 
Methyl Parathion 
Ethyl Parathion 
Guthion (will not respond without forming a derivative) 

Each extract solution was analyzed with all three detectors although the 
identity of peaks on the chromatogram correspond on ly  ti: the type of eluate 
and the detector system which has been determined in past research to relate 
to the specific pesticide. 
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S e v e r a l  peaks  were observed  on t h e  chromatogram t h a t  were not  i d e n t i f e d .  
Extraneous peaks  are common w i t h  t h e  E l e c t r o n  Capture  d e t e c t o r .  Some ve ry  
prominent  peaks w e r e  d e t e c t e d  w i t h  t h e  E l e c t r o n  Capture  d e t e c t o r  o r  t h e  H a l l  
E l e c t r o c o n d u c t i v i t y  d e t e c t o r  o r  w i t h  bo th  d e t e c t o r s  b u t  were not  i d e n t i f i e d .  
The E l e c t r o n  Capture  d e t e c t o r  responds  t o  any compounds t h a t  w i l l  c a p t u r e  
e l e c t r o n s  ( c h l o r i n a t e d  hydrocarbons more pronounced and s e n s i t i v e )  and t h e  
E l e c t r o c o n d u c t i v i t y  d e t e c t o r  i s  s p e c i f i c  f o r  c h l o r i n a t e d  compounds b u t  no t  
r e s t r i c t e d  t o  p e s t i c i d e s .  

Tab le  50.  P e s t i c i d e  Residues found i n  S o i l  and Sediment Samples 

Sample 
No. 

1. 
2. 
3. 
4. 
5 .  
6 .  
7.  

Sample P e s t i c i d e  Residues ( q b )  
D e s c r i p t i o n  Organochlor ine Organophosphate 

Watershed Sur face  S o i l s  

I/ 1 1  
H o y t v i l l e  None None - 
Hammersmith Roselms None None 
Hammersmith Broughton None None 
Spei  ser Pauld ing  None None 
Rohrs Lenawee 0.89 p ,  p'-DDD None 
Heisler Blount None None 
Crites Roselms None Yone 

Bottom Sediments  

8. Maumee River  ( Independence 
D a m )  None None 

9. Auglaize River 2.77 p ,  p'-DDD None 
10. T i f f i n  River  0.49 p ,  0-DDD None 

0.94 D i e l d r i n  

- '' None means no r e s i d u e s  d e t e c t e d  a t  t h e  s e n s i t i v i t y  o f  t h e  method which 
cou ld  be i d e n t i f i e d  i n  r e l a t i o n  t o  t h e  p e s t i c i d e  s t a n d a r d s  used.  

A ve ry  prominent peak w a s  chromatographed i n  t h e  10% e t h y l  ace ta te -benzene  
e l u a t e  o f  t h e  t e n  samples b u t  it d i d  not  cor respond t o  any of  t h e  s t anda rds  used.  
The r e t e n t i o n  t i m e  d i d  no t  b a s i c a l l y  cor respond t o  t h a t  of  o t h e r  organophosphate  
s t a n d a r d s  ana lyzed  i n  p rev ious  r e s e a r c h  i n  t h e  l a b o r a t o r y  i n c l u d i n g  DDVF, Ronnel, 
C iodr in ,  and Dyfonate .  Dimethoate a l s o  r e q u i r e d  t h e  format ion  of  a d e r i v a t i v e  
f o r  g a s  chromatographic  d e t e c t i o n .  I n  a d d i t i o n ,  one o r  two prominent  peaks were 
observed  i n  t h e  chromatograms o f  t h e  5% benzene i n  pe t ro leum e t h y l  e l u a t e  and 
t h e  100% benzene e l u a t e .  These peaks d i d  not  cor respond t o  any o f  t h e  s t a n d a r d s ;  
i n  a d d i t i o n ,  under t h e  c o n d i t i o n s  of t h e  r e s e a r c h  p rocedures ,  t h e  organophosphate  
p e s t i c i d e s  r e l a t e d  t o  t h e  s t anda rds  used  should  have e l u t e d  on ly  i n  t h e  e t h y l  
ace ta te -benzene  s o l u t i o n .  Sample No. 10  had a very  prominent  peak w i t h  t h e  
r e t e n t i o n  t i m e  f o r  d iazanon,  b u t  it w a s  i n  100% benzene e l u a t e  and no i n d i c a t i o n  
o f  d e t e c t i o n  a t  a l l  i n  t h e  e t h y l  ace ta te -benzene  e l u a t e .  The Flame Photometr ic  
d e t e c t o r  i s  s p e c i f i c  for phosphorus compounds b u t  i s  no t  l i m i t e d  t o  on ly  t h e  
organophosphate  p e s t i c i d e s .  Thus t h e  peaks  observed are l i k e l y  due t o  a phosphate  
o r  phoshory la t ed  compound, b u t  t h e  i d e n d i t y  remains un reso lved  a t  p r e s e n t .  
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Based on t h e  r e s u l t s  of t h i s  scan, no f u r t h e r  a n a l y s e s  were made. Waldron 
(1974) i n  a p rev ious  s tudy  on t h e  Maumee and several  o t h e r  Ohio t r i b u t a r i e s  
d r a i n i n g  i n t o  Lake E r i e  found s imilar  low v a l u e s  f o r  water and bottom sediments .  
When d e t e c t e d  a t  a l l ,  p e s t i c i d e  r e s i d u e s  were g e n e r a l l y  l e s s  t h a n  10 ppb,  
w h i l e  t r i a z i n e  h e r b i c i d e s  were u s u a l l y  less t h a n  50 ppb. He found t h a t  DDT, 
d iazanon and d i e l d r i n  w e r e  t h e  common i n s e c t i c i d e s  d e t e c t e d ,  wh i l e  a t r a z i n e  
w a s  t h e  h e r b i c i d e  found most f r e q u e n t l y .  The g e n e r a l l y  low Levels  o f  i n s e c t i -  
c i d e s  found i n  t h e  Maumee r e f l e c t s  t h e  l a n d  use o f  t h e  area. Eight:--two 
p e r c e n t  of PSA 4 . 2  i s  i n  c ropland  and o f  t h a t ,  g r a i n  c rops  are dominant. 
I n s e c t i c i d e  usage by g r a i n  farmers i n  Ohio i s  q u i t e  low,  a l though  it i s  
expec ted  t h a t  t h e r e  w i l l  be some i n c r e a s e  i n  i n s e c t i c i d e  a p p l i c a t i o n  as ac reages  
o f  minimum and n o - t i l l  i n c r e a s e .  Herb ic ide  usage i s  more common w i t h  a t r a z i n e  
t h e  most common mater ia l .  I t  i s  recommended a t  ra tes  o f  1-4 kg/ha  f o r  corn  
(Ohio Agronomy Guide, 1978) ,  wh i l e  materials such as l a s s o  (1-3 k g l h a )  p l u s  
l o r o x  o r  sencor  ( 0 . 5  t o  2 kg /ha )  are  recommended f o r  soybeans.  Herb ic ide  
useage on wheat i s  minimal. Herb ic ide  usage by Ohio g r a i n  farmers con t inues  
t o  i n c r e a s e  as more and b e t t e r  compounds a r e  i n t r o d u c e d ,  and w i l l  be  a n  i n t e g r a l  
p a r t  o f  minimum o r  n o - t i l l  fa rming  i n  t h e  f u t u r e .  ?dost p e s t i c i d e s  are a p p l i e d  
a t  or near p l a n t i n g  and so  d i s c h a r g e  t o  streams should  be g r e a t e s t  i n  l a t e  
A p r i l  t h rough  May i n  t h e  Maumee. The re fo re ,  p e s t i c i d e  runof f  should  only  
be s i g n i f i c a n t  i n  t h e  e a r l y  s p r i n g  thaw even t s  as r e s i d u e s  from t h e  p rev ious  
y e a r ' s  a p p l i c a t i o n .  This  w i l l  no t  be a problem w i t h  t h e  more degradable  compounds 

4 .6  Heavy Metals 

4 . 6 1  Disso lved  metals i n  stream and groundwater 

Stream w a t e r  a t  20 sampling s i t e s  throughout  t h e  Maumee Rasin was sampled 
10-21-75, 1-20-76, 7-10-76 and 1-29-77. Nickel  and z inc  were d e t e c t e d  most 
f r e q u e n t l y  and N i  gave t h e  h i g h e s t  c c n c e n t r a t i o n s .  S t ron t ium w a s  i nc luded  f o r  
comparison. T h e w  appeared t o  be no seasona l  e f f e c t  on heavy me ta l  concent ra -  
t i o n s  bu t  t h i s  i s  a t e n t a t i v e  conc lus ion  c o n s i d e r i n g  t h e  low frequency of  
sampling.  No i n d i v i d u a l  s i t e  appeared t o  be h i g h e r  t h a n  o t h e r s  f o r  any o f  
t h e  metals,  no t  s u r p r i s i n g  s l n c e  t h e s e  s i t e s  r e p r e s e n t  d i f f u s e  sou rces  on ly .  
Mean d i s s o l v e d  metal c o n c e n t r a t i o n s  are g iven  i n  Table  5 1  t o g e t h e r  w i t h  mean 
v a l u e s  f o r  27 t e s t  wel l s .  Groundwater sou rces  were g e n e r a l l y  h ighe r  t h a n  
stream water. Based on t h o  a n a l y s i s  o f  groundwater c o n t r i b u t i o n  t o  t o t a l  f low,  
it would appear  t h a t  groundwater i s  t h e  major source  of d i s s o l v e d  metals i n  
t h e  Mamee. W a t e r v i l l e  groundwater accounted  f o r  38% of  t h e  t o t a l  f low i n  
1976 and g iven  t h e  concent ra t , ions  g iven  i n  Table  51 , t h e  c o n t r i b u t i o n  o f  
groundwater t o  t h e  amounts of each  d i s s o l v e d  metal  d i scha rged  from t h e  Maumee 
can be e s t i m a t e d  (Table  5 1  ) .  T'he d a t a  show t h a t  groundwater c o n t r i b u t e s  
most of t h e  d i s s o l v e d  metals except  cadnium. 

Table  51. Background c o n c e n t r a t i o n  o f  heavy metals i n  t h e  
and in groundwater (1975-77) 

Streamwater  Groundwater 
Dac kgrourid 

u d m l  
Cd 0.011 (20 .0 )+  0.009 
co 0.010 ( 2 1 . 3 )  0.080 
C r  0.003 ( 2 0 . 0 )  0.098 
Cu 0.003 ( 1 6 . 3 )  0.250 
N i  0 .082 ( 7 7 . 5 )  0 .950 
Pb 0.020 (28.8) 0.094 
Zn 0.021 (85.0) 0.954 
S r  0 .570 (100.0) 1.650 

Maumee Rive r  Bas in  

Pe rcen t  o f  t o t a l  
d i scha rge  as 
g r  o undwat er  * 

33.4 
83.1. 
95.2 
98.1 
87.7 

96.5 
64.0 

74.2 

- * Assumes 38% of  t o t a l  d i scha rge  i n  groundwater  
+ Percent  of samples where m e t a l  w a s  d e t e c t e d  
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4.62 Heavy metals i n  watershed soils and Maumee River  bot tom sediments  

Table  5 2 g i v e s  t h e  mean heavy metal  c o n c e n t r a t i o n s  of t h e  s u r f a c e  s o i l  
ho r i zons  of t h e  Defiance County and H o y t v i l l e  s i t e s  and bottom sediments  from 
t h e  20 metal  sampling s i t e s  i n  t h e  Maumee. Metal con ten t  o f  l imes tone  bedrock 
of  t h e  area i s  inc luded  f o r  comparison. Values g iven  i n  Table 52 are f o r  aqua 
r e g i a  e x t r a c t i o n .  Th i s  procedure  does not  e x t r a c t  a l l  t h e  s t r u c t u r a l  metal, 
i . e .  metal h e l d  w i t h i n  t h e  c r y s t a l  l a t t i c e  o f  m i n e r a l s ,  b u t  it does e x t r a c t  
t h o s e  compounds t h a t  would b e  env i ronmen ta l ly  a c t i v e .  O f  t h e  metals,  cadmium 
has  t h e  lowes t  c o n c e n t r a t i o n  and t h e  z i n c  t h e  h i g h e s t  i n  bo th  s o i l  and sediment .  
Metal c o n c e n t r a t i o n s  on bo th  s o i l  and sediment a-opear t o  r e f l e c t  bedrock compo- 
s i t i o n  somewhat. Only c o b a l t  appea r s  t o  be e n r i c h e d  i n  t h e  sediment compared 
t o  s o i l  wh i l e  a l l  o t h e r  me ta l s  are cons ide rab ly  lower i n  sediment .  V a r i a b i l i t y  
was remarkably low and t h e r e  appeared t o  be l i t t l e  r e g i o n a l  d i f f e r e n c e s .  I n  
a d d i t i o n ,  m e t a l  c o n c e n t r a t i o n s  were not  c o r r e l a t e d  wi th  each  o t h e r .  It should  
b e  reemphasized t h a t  t h e  sampling s i t e s  were chosen t o  r e f l e c t  background 
metal l e v e l s  and w e r e  no t  c l o s e  to known p o i n t  s o u r c e s .  While ou r  estimates 
o f  sediment-bound metals i s  underes t imated  because oiir e x t r a c t i o n  procedure  
does not  e x t r a c t  t o t a l  metal, t h e  d a t a  s t i l l  show t h a t  d i s s o l v e d  metal  accounts  
f o r  a h igh  pe rcen tage  o f  t h e  t o t a l  l o a d .  Taking i n t o  account  our  f i n d i n g s  
t h a t  t h e  groundwater accoun t s  for a h igh  pe rcen tage  o f  t h e  d i s s o l v e d  l o a d ,  
it would appear  t h a t  metals i n  groundwater i s  t h e  major  source’ o f  metals l e a v i n g  
t h e  Maumee. 



Table 52. Concen t r a t ions  of heavy me ta l s  i n  Maumee River  Bas in  s o i l s ,  bottom sediments  
and l imes tone  bedrock. 

S o i l s  Sediment Bedrock 
Rang e Mean S.D. Rang e Mean S.D.  

m l g  

Cd 0.10-0.70 0.35 0 .26  0.04- 0 .39 0 .15  0.09 1.94 

C O  1.80-2.30 1 .98  0 .22  4.25-14.31 9 .11  2.26 1.27 

C r  12.00-13.80 15.30 4.17 0.72- 2.54 1 .55  0.46 2.63 

CU 9.60-27.80 20.20 8.62 4.38-10.11 6.49 1.27 8.52 

N i  25.60-42.00 33.75 6.63 6.42-16.89 11 .21  2.39 34.12 

Pb 21.60-29.40 25.20 3.23 3.84-10.70 7.33 1 .55  33.50 

250.50 Zn 41.30-69.60 49.15 13 .65  6.95-24.68 15.77 3.32 

S r  50.10-93.60 71.77 7.89 57.80 

I 
\o 
.r= 
I 
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