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ABSTRACT 

A t h r e e  y e a r  s t u d y  was conducted t o  de te rmine  t h e  effeers of 

a g r i c u l t u r a l  d r a i n a g e  and development on hydrology and runof f  w a t e r  

q u a l i t y  on h i g h  o r g a n l c  s o i l s  i n  t h e  North C a r o l i n a  Tidewater  Region, 

Experiments were conducted on p a i r e d  developed and undeveloped 

si tes of t h r e e  d i f f e r e n t  s a i l s  t h a t  span  t h e  range of s o i l s  b e i n g  

developed i n  t h e  Tidewater  Region. Each of t h e  s i x  s i t e s  ( t h r e e  

developed,  t h r e e  undeveloped) were i n s t r u m e n t e d  t o  c o n t i a u s u s l y  

n e a s u r e  t h e  rate of r u n o f f ,  zla sample f o r  wa te r  q u a l i t y  and p e s t i c i d e  

a n a l y s e s ,  and t o  de te rmine  o t h e r  v a r i a b l e s  such  as r a i n f a l l  and 

w a t e r  t a b l e  depth.. 

Peak r u n o f f  r a t e s  o c c u r  e a r l i e r  and are t h r e e  t o  f o u r  t i m e s  

h i g h e r  on developed t h a n  on s i n i l i a r  undeveloped l a n d s .  However, 

because  of l i m i t e d  c a p a c i t y  of c u r r e n t  c a n a l s ,  t h e r e  may be l i t t l e  

d i f f e r e n c e  between r u n o f f  rates from developed and undeveloped l a n d s  

d u r i n g  t h e  l a r g e s t  r u n o f f  e v e n t s ,  I n  g e n e r a l ,  development c a u s e s  a 

d e c r e a s e  i n  e v a p o t r a n s p i r a t i o n  (ET) w i t h  a  consequent  small i n c r e a s e  

i n  a n n u a l  o u t f l o w s .  

There  i s  a  s m a l l  b u t  s i g n i f i c a n t  i n c r e a s e  i n  i n o r g a n i c  n i t r o g e n  

i n  d r a i n a g e  w a t e r  a s  a r e s u l t  of a g r i c u l t u r a l  development of t h e s e  

o r g a n i c  r i c h  s o i l s .  However, t h e  t r u e  o r g a n i c  s o i l s  which a r e  developed 

l o s e  c o n s i d e r a b l y  more phosphorus t o  d r a i n a g e  w a t e r s ,  Development o f  

t h e  m i n e r a l  s o i l  h a s  a very  s m a l l  e f f e c t  on phosphorus  l o s s e s .  

A g r f c u l t u r a l  development r e s u l t s  i n  a s m a l l  i n c r e a s e  i n  sed iment  

l o a d  o f  d r a i n a g e  w a t e r s  and t u r b i d i t y  a l s o  i n c r e a s e s ,  p a r t i c u l a r l y  

d u r i n g  t h e  deve lopmenta l  phase .  Disso lved  oxygen, b iochemica l  oxygen 

demand, t empera rure ,  pH, and o t h e r  w a t e r  q u a l i e y  p a r a m e t e r s  a r e  measur- 

a b l y  a f f e c t e d  by development,  b u t  t h e  changes a r e  r e l a t i v e l y  s m a l l .  

Other  pa ramete rs  t h a t  change b u t  have no a p p a r e n t  e f f e c t  on w a t e r  qua- 

l i t y  a r e  Ca, Mg, R, N a ,  and C l  c o n c e n t r a t i o n s .  

One p o t e n t i a l  w a t e r  q u a l i t y  prublem i s  t h e  movement of fecal  

organisms from grazed  p a s t u r e s  i n t o  d r a i n a g e  w a t e r s ,  A s i g n i f i c a n t  

i n c r e a s e  i n  t h e  Loss o f  f e c a l  and t o t a l  c o l i f o r m  b a c t e r i a  was observed 

from t h e  p a s t u r e d  s i t e .  P a s t u r e  s i t e s  i n  t h i s  s t u d y  a r e  l o c a t e d  

s e v e r a l  m i l e s  from e s t u a r i n e  w a r e r s  and t r a n s p o r t  o f  t h e  c o l i f o r m  



organisms was n o t  examined i n  s u f f i c i e n t  d e t a i l  t o  determine i f  they 

cause water  q u a l i t y  problems i n  r ece iv ing  e s t u a r i e s .  

The d i s t r i b u t i o n  and p e r s i s t e n c e  of a l a c h l o r  i n  high organic  

s o i l s  of t he  Tidewater Region of North Caro l ina  and t h e  contaminat ion 

of dra inage  water  were i n v e s t i g a t e d  over a  3-year per iod .  Alachlor  

d i sappears  r a p i d l y  from s o i l  dur ing  t h e  f i r s t  4 weeks a f t e r  applfca-  

t i o n ;  b u t  Low, nonphytotoxic  concent ra t ions  p e r s i s t  from one 

season t o  t h e  nex t .  Concentrat ions of a l a c h l o r  i n  water  from dra inage  

d i t c h e s  i n t e r s p e r s e d  i n  t r e a t e d  f i e l d s  vary g r e a t l y  among s i t e s  and 

yea r s .  High concen t r a t ions  (ppm l e v e l s )  appear t o  be caused by 

d i r e c t  spraying  of t h e  d i t c h e s  o r  by d r i f t  of sprays  i n t o  t h e  d i t c h e s .  

Movement i n  s u r f a c e  runoff does n o t  appear t o  be a  major r o u t e  of 

water  contamination. 

Drainage systems c u r r e n t l y  i n s t a l l e d  i n  t h e  organic  and h igh  

organic  mineral  s o i l s  provide  mostly s u r f a c e  r a t h e r  than  subsur face  

drainage.  Water t a b l e s  a r e  u sua l ly  c l o s e  t o  t h e  s u r f a c e  dur ing  t h e  

win te r  and change cont inuously wi th  ET and r a i n f a l l  during t h e  growing 

season. 

The major e f f e c t s  of a g r i c u l t u r a l  development on s o i l  p r o p e r t i e s  

involve  t h e  s u r f a c e  hor izon  (20 cm). Subsidence of t h e  o rgan ic  s o i l s  

i s  g r e a t e s t  d i r e c t l y  a f t e r . deve lopnen t  because of i r r e v e r s i b l e  dry ing  

and shr inkage  of s o i l  i n  t h e  r o o t  zone. A f t e r  t h i s  i n i t i a l  pe r iod ,  

subsidence on t h e  deep o rgan ic  p a s t u r e  s i t e  i s  l e s s  than  I mm/year f o r  

a t h r e e  y e a r  per iod .  
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SUIQ24XY AND CONCLUSIONS 

A t h r e e  y e a r  s r a d y  was conducted t o  de te rmine  t h e  e f f e c s s  sf 

a g r i c u l t u r a l  d r a i n a g e  and development on hydrology and r u n o f f  water 

q u a l i t y  on s o i l s  w i t h  high o r g a n i c  c o n t e n t s  i n  t h e  North  C a r o l i n a  

Tidewater  Region ( r h e  B l a c k l a n d s ) .  Experiments were condu=ted om 

p a i r e d  developed and  m d e t e l o p e d  si tes of t h r e e  d i f f e r e n t  s o i l s  rhaa 

span  t h e  range  of s o i l s  b e i n g  developed i n  t h e  T idewate r  Region 

( B l a c k l a n d s ) .  Each of t h e  s i x  s i c e s  ( s h r e e  developed,  t h r e e  undevelop- 

e d )  were i n s t r u m e n t e d  t o  c o n t i n u o u s l y  measure t h e  r a t e  of rumef f ,  t o  

sample f o r  w a t e r  q u a l i t y  and p e s t i c i d e  a n a l y s e s  and t o  de te rmine  o r h e r  

v a r i a b l e s  such as r a i n f a l l  and w a t e r  tzbPe d e p t h ,  

Peak r u n o f f  r a t e s  occur  e a r l i e r  and a r e  t h r e e  t o  f o u r  tmes high-  

er on developed t h a n  on s imikt i r  undeveloped l a n d s .  As p r e s e n t l y  de- 

s i g n e d ,  t h e  d r a i n a g e  c a n a l  network,  wfrh  pump a s s i s t e d  o u t l e r s  i n  some 

c a s e s ,  does  n o t  have t h e  c a p a c i t y  t o  remove t h e  w a t e r  a t  s h e  r a t e  thzt 

it can  d r a i n  from developed f i e l d s .  A s  a r e s u l t  t h e r e  may be  i i ~ t l e  

d i f f e r e n c e  between runof f  r a t e s  from developed and undeveloped l a n d s  

d u r i n g  t h e  l a rges t .  r u n o f f  e v e n t s .  

T o t a l  a n n u a l  ousfZows f r o n  rhedeve loped  s x t e s  were somewhat 

h i g h e r  t h a n  from undeveloped s i ~ e s  d u r i n g  c e r t a i n  y e a r s  of the s t u d y ,  

b u t  abou t  t h e  same i n  o t h e r s ,  I n  g e n e r a l ,  however, developrnenc 

w i l l  c a u s e  a  d e c r e a s e  i n  E f  w i t h  a  consequent  i n c r e a s e  i n  a n n u a l  

r u n o f f  d u r i n g  y e a r s  i n  which d rought  p e r f o d s  occur .  The i n c r e a s e  

i n  t o t a l  runof f  w i l l  u s u a l l y  be  s m a l l  b u t  w i l l  depend on t h e  number 

of d rought  p e r i o d s  t h a t  a r e  fo l lowed  by runof f  p roduc ing  r a i n f a l l  

e v e n t s  . 
Drainage systems c u r r e n t l y  i n s t a l l e d  i n  t h e  o r g a n i c  and h i g h  

o r g a n i c  m i n e r a l  s o i l s  p r o v l d e  mos t ly  s u r f a c e  r a t h e r  t h a n  s u b s u r f a c e  

d r a i n a g e .  Water t a b l e s  a r e  nsuaPfy c l o s e  ro t h e  s u r f a c e  duvlng 

t h e  w i n t e r  and change c s n t i n u o u s i y  w i t h  ET and r a i n f a l l  d u r i n g  t he  

growing season .  Average w a t e r  t a b l e  d e p t h s  were  abouc 22 cm deeper  

on t h e  developed t h a n  on t h e  undeveloped deep o r g a n i c  s o i l .  Be- 

c a u s e  of the  i n f l u e n c e  oE &he r o o t  mat,  w a t e r  t a b l e s  were a c t o a l l y  

deeper  on d i t c h e d ,  b u t  undeveloped m i n e r a l  and s h a l l o w  organ ic  s o i l s .  

x i v  
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The composf t ion s f  drainage w a t e r  from a g r i e u P r u u a 1  f i e l d s  i n  

the  organic and h i g h  o r g a n i c  so fhs  of t h e  Black lands  i s  somewhat 

d i f f e r e n t  from o t h e r  t i g u i c u l t u r a l  a r e a s  of North CarolSna,  Conse- 

y u a n r l y ,  the  e z f e c t  of developmenz of natural a r e a s  f o r  a g r i c u l t u r a l  

p r o d u c t i o n  is  d i f f e r e n t ,  ihch l e s s  znorganac n i t r o g e n  i s  2ound i n  

drainage water f rcm d e v e h p e d  f i e l d s  I n  t h e  BLackSands a s  compared t c  

most f f e l d s  f c r t h e r  i n l a n d ,  T h i s  i s  a r e s u l t  or" t h e  v e r y  Tow nf i t ra te  

l e v e l s  i n  d r a i n a g e  w a t e r s  from t h e s e  organic r i c h  s o i l s .  The i n o r g a n i c  

n i t r o g e n  Basses  t o  d r a i n a g e  w a t e r  From developed a r e a s  a r e  greaser 

t h a n  from n a t u r a l  a r e a s ,  b u t  t h e  a n c r e a s e  in n i t r o g e n  c o n c e n t r a t i o n  i s  

n o t  a s  l a r g e  a s  might  b e  p r e d i c t e d  based on d a t a  from o t h e r  a g r i c u l t u r a P  

a r e a s .  

The l a r g e s t  p o t e n t i d .  e u t r o p h i c a t i o n  hazard  r e s u l t i n g  from develop- 

ment may be t h e  i n c r e a s e  i n  phospharus  i n  d r a i n a g e  waters, The e f f e c t  

cf development upon phosphorus l o s s e s  i n  d r a i n a g e  waeers  i s  very 

dependent  upon s o i l  t y p e ,  I n o r g a n i c  soils r e a c t  w i t h  f e r t i l i z e r  

p h o s p h o r ~ s  ED p r e v e n t  i t s  less, The s o l u b i l i t y  of phosphorus i n  s h a l l o w  

and deep o r g a n i c  s o i l s  i s  much g r e a t e r  t h a n  i n  i n o r g a n i c  s o a l s , s o  

much o f  the added phosphorus c a n  be  lost t o  d r a i n a g e  w a t e r ,  The 

weighted a v e r a g e  e o n e e n t r a t i o n  in d r a i n a g e  w a t e r s  from t h e  t w o  
I developed o r g a n f c  s o i l s  w a s  l -2 ,5mg/l  f o r  a t o t a l  phosphorus  e f f l u x  

of 7-10 kg/ha/yr, The amount s f  t h i s  phcsphorus  which r e a c h e s  

majar stream o r  e s t u a r i e s  will depend on d i s t a n c e  t h e  w a t e r  must 

t r a s e l  t o  r e a c h  t h e  o u t l e t ,   he t y p e  s f  sediment  f n  t h e  c o l l e c t o r  

d i t c h e s ,  and t h e  s o i l  m a t e r i a l  in t h e  b a r k s ,  If t h e  sed iments  

a r e  from i n o r g a n i c  s o i l s  or che c a n a l s  a r e  cur  i n t o  m i n e r a l  P a y e r s ,  

I much s f  t h e  i n o r g a n i c  o r thophospha te  nay b e  removed from s o l u c i o n  

I by t h e s e  sedlrnents .  F a r t u n a t e l y ,  much of  t h e  c u r r e n t  a g r i c u l t u r a l  

development is on m i n e r a l  s o i l s  where P P o s s e s  a r e  s m a l l ,  However, 

it s h o d d  b e  r e c o g n i z e d  t h a t  a g r P c u l t u r a l  development ef o r g a n i c  

s o i l s  Low i n  m i n e r a l  c o n t e n t  immediately a d j a c e n t  co e s t u a r i e s  o r  
I 

I major  s t r e a m s  w i l l  v e r y  s i g n i f i c a n t l y  i n c r e a s e  t h e  e n t r y  of phosphorus 

f n r s  t h e s e  w a t e r s ,  



The Blackland s o i l s  a r e  v e r y  f l a t  s o  e r o s i o n  is  n o t  a problem, 

b u t  development does  c a u s e  a small i n c r e a s e  i n  sediment  load  of  

d r a i n a g e  w a t e r s ,  T h i s  i n c r e a s e  i s  p a r t i c u l a r l y  a p p a r e n t  d u r i n g  t h e  

developmental  phase ,  T u r b i d i t y  o f  t h e  d r a i n a g e  w a t e r  i s  f n c r e a s e d  

d u r i n g  c l e a r i n g  and l a n d  shap ing .  Once i n i t i a l  development i s  

completed,  e r o s i o n  and t u r b i d i t y  d u r i n g  normal a g r i c u l t u r a l  produc- 

t i o n  i s  n o t  l i k e l y  t o  c a u s e  a w a t e r  q u a l i t y  problem. 

There  a r e  s e v e r a l  water q u a l i t y  p a r a m e t e r s  which a r e  measurably  

a f f e c t e d  by development,  b u t  t h e  change i s  r e l a t i v e l y  s m a l l .  For  

example, D . O . ,  B.O,D,, t empera tu re ,and  pH, a r e  a l l  s l i g h t l y  h i g h e r  

i n  d r a i n a g e  w a t e r  from developed a r e a s .  Other  pa ramete rs  which 

change upon development b u t  a r e  n o t  g e n e r a l l y  c o n s i d e r e d  c r i t i c a l  

i n  e v a l u a t i o n  o f  w a t e r  q u a l i t y  i n  t h i s  r e g i o n  a r e  C a ,  Mg, C 1 ,  

N a ,  and K. There  is v e r y  l i t t l e  e f f e c t  of development upon e f f l u x  

of t h e  m e t a l s  Cu, Zn, Mn, and Fe. 

One p o t e n t i a l .  problem w i t h  development of t h e  o r g a n i c  s o i l s  

f o r  p a s t u r e s  n e a r  s h e l l  f i s h i n g  w a t e r s  is  t h e  l o s s  of f e c a l  organisms 

i n  d r a i n a g e  w a t e r s ,  The c o u n t s  of f e c a l  and t o t a l  c o l i f o r m  b a c t e r i a  

i n  d r a i n a g e  w a t e r  from t h e  p a s t u r e d  s i t e  were c o n s i d e r a b l y  g r e a t e r  

t h a n  from n a t u r a l  a r e a s .  T h i s  i n c r e a s e  i n  c o l i f o r m  b a c t e r i a  from 

grazed  l a n d s  i s  common th roughout  t h e  U.S. and a p p a r e n t l y  c a u s e s  

few problems.  However, a  problem cou ld  r e s u l t  i f  g razed  l a n d  i s  

l o c a t e d  immediately a d j a c e n t  t o  s h e l l f i s h  w a t e r s .  Development a l s o  

caused a n  i n c r e a s e  i n  c o b i f o m  b a c t e r i a  from t h e  cropped s h a l l o w  

o r g a n i c  s o i l  even though no domes t ic  an imals  were  e v e r  k e p t  on t h i s  

s i t e .  

Comparison of e l e n e n t a x  d e p o s i t i o n  f rom t h e  a tmosphere ,as  

compared t o  l o s s e s  i n  d r a i n a g e  w a t e r s  from t h e  n a t u r a l  a r e a s s  showed 

t l i a t  t h r e  was 3 t o  4 cines as much 3 and P d e p o s i t e d  as was l o s t  i n  

d r a i n a g e  w a t e r s .  The d e p o s i u i o n  of o t h e r  e lements  (Na, C l ,  K ,  Ca, Mg, 

Cu, Mn, and Zn) was approx imate ly  t h e  same a s  removal i n  d r a i n a g e  

w a t e r s .  There  was a n e t  l o s s  of Pe from t h e  n a t u r a l  a r e a s .  

The h i g h  o r g a n i c  m a t t e r  c o n t e n t  s o i l s  i n  e a s t e r n  North  C a r o l i n a  

x v i  



r e q ~ f r e  s p e c i a l  samplkng t e c h n i q u e s  t o  p r o v i d e  r e l z a b l e  e s t i m a t e s  

of t h e  amounc s f  ?esktc%des appLiedo  The most e f f e c r i v e  method of 

con5lrmrng ehe r a t e  of d e p o s i s i m  of the h e r b i c i d e  a l a c h l o r  was t h e  

u s e  o f  f i l t e r  paper  d i s c s  E z ~ d  on t h e  s c i l  s u r f a c e  d u r i n g  a p p l i c a t i o n .  

AkachZor r e s i d u e s  m o n g  ~ n d ~ v f d u a l  sari samples t a k e n  a f t e r  

a p p l i c a t a o n  of z i a c h l s r  were k r g h l y  var iable ,  b ~ t  an  a v e r a g e  of s e v e n  

o r  a s r e  samples w t t h i n  a p3,t o r  m s l y s f s  ~f z composi te  sample 

from seven si tes within a pEc% appeared 6 s  p r o v i d e  a r e l i a b l e  e s t i m a t e  

s f  t h e  r e s a d u e  l e v e l ,  

Residues  of a l a c h l c r  Qparenc  ssrnpeund] d i s a p p e a r e d  r a p i d l y  a f t e r  

a p p l i c a t i o n  t o  the  o r g a n i c  s o l l ;  hcwever, low l e v e 1 s  s f  "apparent"  

a l a c h h o r  p e r s i s t e d  from one season t3  t h e  nexh i n  a  b i o l o g i c a l l y  

i n a c t i v e  form. There  was no s i g n i f i c a n t  accumula t ion  of a l a c h l o r  

r e s i d u e  above t h e  detectable, b u t  very %cw c o n c e n t r a t i o n s ,  t h a t  

c a r r i e d  o v e r ,  

C m c e a t r a t f o n s  of a2achlor i n  drainage water a f t e r  a p p l i c a t i o n  

sugges ted  fhat ssme a p p l a c a t o r s  were  c a r e f u l  t o  avo id  s p r a y i n g  t h e  

V-ditches d r a i n i n g  t h e  f h e l d s  b u t  f h a t  some may have sprayed  d i r e c t l y  

over  them, o r  so c l o s e  thac heavy d r i f t  of s p r a y s  o c c u r r e d ,  c a d s i n g  

e x c e s s i v e l y  h i g h  c o n c e n t r a t i c n s  s f  h e r b i c i d e  i n  d r a i n a g e  w a t e r  d u r i n g  

the  f f rs t  few days a f t e r  some application. More d i l i g e n c e  and care 

d u r i n g  a p p l i c a t i o n  cf a h 1  p e s t i c t d e s  used on many farms i n  t h e  T idewate r  

Region of North C a r o l i n a ,  kgnere e e o l o g f c a l l y  s e n s i t i v e  a r e a s  e x i s t  

i n  c l o s e  p r o x i m i t y  t o  l a r g e  a g r i c u l t u r a l  a r e a s ,  would r e d u c e  o r  even 

e l i m i n a t e  s i g n i f i c a n t  h a z a r d s  c a w e d  by d i r e c t  s p r a y i n g  o f , s r  d r i f t  

o n t o  w a t e r  i n  d r a i n a g e  c a n a l s ,  

T r a n s p o r t  of  a l a c h l s r  and probably  o t h e r  p e s t i c i d e s  as w e l l  i n  

s u r f a c e  runof f  from t h e  h igh-organ ic  s o i l s  of t h e  Tidewater  Region 

of e a s t e r n  Norzh Carolina and s X n i l a r  a r e a s  e4.sewhere does  nolr appear  

t o  pose a s i g n i f i c a n t  hzzard  to aquafdc  l i f e .  However, i t  a p p e a r s  

t h a t  ssme h a z a r d  from o v e r s p r a y i n g  s f  or d r i f t  i n t o  d r a i n a g e  d i t c h e s  

e x i s t s  i n  e c o l s g i c a % k y  s e n s i t i v e  a r e a s  which t h e  e x p e r i m e n t a l  s f t e s  

r e p r e s e n t ,  Most l i k e l y ,  mare d i l i g e n c e  and c a r e  d u r i n g  a p p l i c a t i o n  

would g r e a s l y  r e d u c e  saeh h a z a r d s .  



The major  e f f e c t s  of a g r i c u l t u r a P  development on s o i l  p r o p e r t i e s  

invo lved  t h e  s u r f a c e  h o r i z o n ,  Development removed t h e  r o o t  mat and 

d e c r e a s e d  t h e  s u r f a c e  e l e v a t i o n ,  The b u l k  d e n s i t y  of t h e  s u r f a c e  

h o r i z o n  i s  i n c r e a s e d  and t h e  p o r o s i t y  d e c r e a s e d .  Both h y d r a u l i c  

c o n d u c t i v i t y  and d r a i n a b l e  p o r o s i t y  a r e  d e c r e a s e d  d u r i n g  t h e  

developmental  p r o c e s s ,  The e f f e c t s  of development on a l l  s o i l  

p r o p e r t i e s  i n c r e a s e d w i t h  t h e  d e p t h  of t h e  o r g a n i c  Payer .  

Subsidence of t h e  o r g a n i c  s o i l s  i s  g r e a t e s t  d i r e c t l y  a f t e r  

development because  of i r r e v e r s i b l e  d r y i n g  and s h r i n k a g e  of s o i l  

i n  t h e  r o o t  zone.  A f t e r  t h i s  i n i t i a l  p e r i o d ,  s u b s i d e n c e  on t h e  

deep o r g a n i c  p a s t u r e  s i t e  was l e s s  t h a n  1 mm/year f o r  a t h r e e  

y e a r  p e r i o d .  

x v i i i  
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RECOMMEND AT IONS 

1. M i n e r a l  and s h a l l o w  o r g a n i c  s o i l s  s h o u l d  b e  i d e n t i f i e d  and g iven  

f i r s t  p r i o r i t y  i n  any p l a n  t o  develop h i g h  o r g a n i c  s o i l s  i n  t h e  

T idewate r  Region o f  North  C a r o l i n a .  These s o i l s  a r e  more a g r i -  

c u l t u r a l l y  p r o d u c t i v e  and have fewer problems w i t h  P r u n o f f  and 

subs idence .  Although i n o r g a n i c  n i t r o g e n  e f f l u x  i s  g r e a t e r  f o r  

m i n e r a l  t h a n  f o r  o r g a n i c  s o i l s ,  o t h e r  problems a s s o c i a t e d  w i t h  

t h e i r  development,  b o t h  env i ronmenta l ly  and a g r i c u l t u r a l l y ,  are 

n o t  a s  s e v e r e  a s  w i t h  t h e  deep o r g a n i c  s o i l s .  

With few e x c e p t i o n s ,  a g r i c u l t u r a l  development of deep o r g a n i c  s o i l s  

h a s  n o t  been s u c c e s s f u l .  Problems w i t h  b u r i e d  wood, low b e a r i n g  

s t r e n g t h  of t h e  s o i l  mass, e t e . ,  c a u s e  development c o s t s  t o  b e  h i g h  

and management f o r  row c rop  p r o d u c t i o n  t o  b e  ex t remely  d i f f i c u l t .  

Thus, i t  i s  recommended t h a t  t h e s e  s o i l s  be  g iven  a v e r y  low p r i o r i -  

t y  f o r  development f o r  b o t h  env i ronmenta l  and a g r i c u l t u r a l  manage- 

ment r e a s o n s .  Any development scheme shou ld  s t a r t  w i t h  a good s o i l  

map s o  t h a t  b o t h  t h e  b e s t  s o i l s  and t h e  problem s o i l s  can be  iden-  

t i f i e d  and a s s i g n e d  a p p r o p r i a t e  p r i o r i t i e s  i n  t h e  developmental  

p r o c e s s .  

2 .  Peak runof f  cou ld  be  reduced by improving t h e  s u b s u r f a c e  d r a i n a g e .  

Th is  cou ld  b e  done on t h e  m i n e r a l  s o i l s  by i n s t a l l i n g  d r a i n  t u b e s  

t o  i n c r e a s e  t h e  r a t e  of w a t e r  t a b l e  drawdown. Lower w a t e r  t a b l e s  

would i n c r e a s e  s t o r a g e  a v a i l a b l e  f o r  i n f i l t r a t i n g  r a i n f a l l  and 

r e d u c e  r u n o f f  r a t e s .  Th i s  would n o t  d e c r e a s e  t h e  t o t a l  amount of 

r u n o f f  from a g i v e n  s to rm,  b u t  s u b s u r f a c e  d r a i n a g e  would o c c u r  

o v e r  a l o n g e r  p e r i o d  o f  t i m e  and t h e  peak o u t f l o w  r a t e s  would b e  

reduced.  Another  e f f e c t  o f  improved s u b s u r f a c e  d r a i n a g e  would 

b e  t o  i n c r e a s e  t h e  t ime  a v a i l a b l e  t o  t h e  farmer  f o r  seedbed 

p r e p a r a t i o n  and p l a n t i n g  i n  t h e  s p r i n g .  Where pumped d r a i n a g e  

o u t l e t s  a r e  used ,  b e t t e r  s u b s u r f a c e  d r a i n a g e  would make i t  p o s s i b l e  

t o  i n i t i a t e  pumping a t  a l a t e r  t i m e  i n  t h e  s p r i n g  and s t i l l  meet 

I t h e  f a r m e r ' s  d r a i n a g e  r e q u i r e m e n t s  d u r i n g  t h e  p l a n t i n g  p e r i o d .  

Although improved s u b s u r f a c e  d r a i n a g e  would p robab ly  i n c r e a s e  in -  

o r g a n i c  n i t r o g e n  movement from c u l t i v a t e d  f i e l d s  d u r i n g  t h e  grow- 

i n g  s e a s o n ,  t h i s  e f f e c t  cou ld  be  reduced by c o n t r o l l i n g  t h e  ou t -  

x i x  
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le ts  d u r i n g  t h e  w i n t e r  and e a r l y  s p r i n g  months, 

3 .  It should  b e  recognized  t h a t  o r g a n i c  s o i l s  which a r e  developed f o r  

a g r i c u l t u r e  w i l l  l o s e  much more phosphorus TO d r a i n a g e  water t h a n  

m i n e r a l  s o i l s .  It i s  p o s s i b l e  ichat some of t h e  phosphorus 1.osa: 

from t h e  o r g a n i c  s o i l s  can b e  removed from t h e  d r a i n a g e  w a t e r s  by 

sediments  i n  d i f c h e s  o r  by i n o r g a n i c  m a t e r i a l s  i n  t h e  d i t c h b a n k ,  

The g r e a t e r  t h e  d i s t a n c e  between t h e  f i e l d  and t h e  o u t l e t ,  t h e  

g r e a t e r  t h e  p o t e n t i a l  f o r  t h i s  r e d u c t i o n  t o  o e e u r .  Th i s  f a c t o r  

shou ld  be  c o n s i d e r e d  i n  p l a n n i n g  a g r i c u l t u r a l  d e v e l o p ~ e n t  of 

o r g a n i c  s o i l s .  

4.  F e c a l  organisms i n  d r a i n a g e  w a t e r s  from grazed  o r g a n i c  s o i l s  

c o n s t i t u t e s  a  p o t e n t i a l  problem which shou ld  be examined more 

thoroughly .  P a s t u r e d  l a n d s  i n  t h e  s t u d y  a r e a  are f a r  removed 

from s h e l l f i s h  areas and w l l l  p robab ly  n o t  c a u s e  a  problem, 

However, t h e  p o t e n t i a l  f o r  problems would be  h i g h e r  f o r  p a s t u r e s  

developed on o r g a n i c  s o i l s  immediate ly  a d j a c e n t  co s h e l l f i s h  

w a t e r s .  

5. E d u c a t i o n a l  programs shou ld  be  d i r e c t e d  co farm managers and 

p e s t i c i d e  a p p l i c a t o r s  o p e r a t i n g  i n  t h e  T idewate r  Region eo 

c a l l  a t t e n t i o n  t o  t h e  p r o b a b l e  i l l e g a l i t y  o f  d i r e c t  s p r a y i n g  

o f  w a t e r  i n  d r a i n a g e  d i t c h e s  and c a n a l s  w i t h  p e s t i c i d e s  used 

i n  weed and i n s e c t  management i n  row c rops .  The h a z a r d  of 

such  p r a c t i c e s  t o  a q u a t i c  an imals  shou ld  be  s t r e s s e d .  Use 

of ground equipment f o r  a p p l i c a t i o n  of p e s t i c i d e s  i n  f i e l d s  

i n t e r s p e r s e d  w i t h  d r a i n a g e  d i t c h e s  c o u l d  r e d u c e  con tamina t ion  

of w a t e r  by s p r a y  d r i f t  and overspray ing .  P e s t i c i d e  d r f f e  and 

how t o  reduce  i t  s h o u l d  be  a n  i n t e g r a l  p a r t  o f  t h e  e d u c a t i o n a l  

e f f o r t .  The e d u c a t i o n  could  be a p a r t  of c o n t i n u i n g  e d u c a t i o n a l  

programs f o r  r e c e r t i f y i n g  and r e l i c e n s i n g  p e s t i c i d e  a p p l i c a t o r s .  
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EFFECTS OF LARGE SCALE AGRICULTURAL LAN3 
DEVELOPMENT ON WATER RESOURCES 

INTRODUCTION 

Land i n  t h e  Tidewater  Region of North C a r o l i n a  i s  f l a t  w i t h  s u r f a c e  

e l e v a t i o n s  o f  o n l y  a few m e t e r s  above s e a  l e v e l .  The w a t e r  t a b l e  i s  

c l o s e  t o  s u r f a c e  and ,  under n a t u r a l  c o n d i t i o n s ,  l a r g e  areas of the  re- 

g i o n  a r e  swampy (Neath,  1975) .  Many of t h e  s o i l s  are o r g a n i c  o r  have 

h i g h  o r g a n i c  s u r f a c e  l a y e r s .  These s o i l s ,  which a r e  r e f e r r e d  t o  curnula- 

t i v e l y  a s  t h e  Black lands ,  p r e s e n t  s e v e r a l  s p e c i f i c  and unique a g r i e u l -  

t u r a l  problems. Drainage i s  e s s e n t i a l  f o r  a g r i c u l t u r a l  p r o d u c t i o n  i n  t h e  

r e g i o n  and was f i r s t  i n i t i a t e d  i n  t h e  l a te  l 6 0 O V s .  A l a r g e  scale d r a i n -  

a g e  p r o j e c t  on o r g a n i c  s o i l s  occur red  i n  t h e  1 7 9 0 ' s  ( R u f f i n ,  1861). 

S i n c e  t h a t  tfme t h e r e  have been p e r i o d s  of c l e a r i n g  and development f o l -  

lowed by l o n g e r  p e r i o d s  of i n a c t i v i t y  ( L i l l y ,  1980) .  

The l a t e s t  p e r i o d  o f  i n c r e a s e d  d r a i n a g e  a c t i v i t y  began i n  t h e  e a r l y  

1 9 7 0 ' s  when s e v e r a l  l a r g e  c o r p o r a t i o n s  became i n v o l v e d  i n  c l e a r i n g  and 

d e v e l o p i n g  thousands  of h e c t a r e s  of l a n d  i n  e a s t e r n  North  C a r o l i n a .  

F i r s t  Colony Farms i n  Washington, T y r r e l l ,  Dare and Hyde Count ies  was t h e  

l a r g e s t  of t h e s e  o p e r a t i o n s  w i t h  t o t a l  h o l d i n g s  o f  150,000 h e c t a r e s  and 

p l a n s  i n  1973,  t o  c l e a r  o v e r  40 rhousand h e c t a r e s  by 1981. Three  o t h e r  

l a r g e  o p e r a t i o n s  (blattamuskeet Farms i n  Hyde County, Open Grounds Farms 

i n  C a r t e r e t  County and Shima American Gorp. i n  Washington County) p lan-  

ned t o  develop a t o t a l  o f  n e a r l y  40 thousand a d d i t i o n a l  h e c t a r e s  i n  t h e  

T idewate r  Region. Th is  p lanned  deve lopmenta l  a c t i v f t y  c o i n c i d e d  w i t h  the  

l a r g e  a l g a e  bloom problems i n  t h e  Chowan River  and t h e  g e n e r a l  awareness  

t h a t  development o f  any t y p e  r e s u l t s  i n  some env i ronmenta l  changes .  Con- 

s e q u e n t l y ,  i t  i s  n a t u r a l  and a p p r o p r i a t e  t h a t  q u e s t i o n s  were  r a i s e d  by 

t h e  s c i e n t i f i c  community (Sc ience  139:271-275, 1975) ,  by v a r i o u s  s ta te  

and f e d e r a l  a g e n c i e s  and by t h e  g e n e r a l  p u b l i c  abou t  t h e  e f f e c t  t h a t  

mass ive  l a n d  changes  would have  upon t h e  environment .  
r 

There  were many s p e c i f i c  concerns  abou t  t h e  e f f e c t s  of l a n d  c l e a r i n g  

and development.  One was t h e  e f f e c t  of l a n d  development on t h e  r a t e  and 

t i m e  d i s t r i b u t i o n  of r u n o f f  w i t h  some a p p r e h e n s i o n s  t h a t  peak r a t e s  would 

be  g r e a t l y  i n c r e a s e d  s u r p a s s i n g  t h e  c a p a c i t y  o f  e x i s t i n g  o u t l e t  c a n a l s  

and r i v e r s .  The l a n d  under  development l i es  between t h e  Albemarle and 

Pamlico e s t u a r i e s  which a r e  i m p o r t a n t  f o r  b o t h  commercial and s p o r t  



f i s h e r i e s ,  S t a t e  agencies  were ~ o n c e r n e d  t h a t  t h e s e  e s t u a r i e s  might be 

damaged through increased  sed imenta t ion  from t h e  developing l ands ,  in -  

c reased  n u t r i e n t  f l u x  i n t o  t h e  e s tua ry  causing a l g a l  blooms, a  change i n  

organic  ma t t e r  e n t r y  i n t o  e s t u a r y ,  p e s t i c i d e  movement i n t o  t h e  water ,  in-  

creased inpu t  of f e c a l  organisms from p a s t u r e  l ands ,  increased  heavy- 

meta l  concen t r a t ions ,  and a  change i n  t h e  f r e s h  water d i s t r i b u t i o n  r e s u l t -  

i n g  i n  de t r imen ta l  e f f e c t s  on s a l t  water  organisms because of decreased 

s a l i n i t y .  Other i n d i v i d u a l s  expressed t h e  concern t h a t  c l e a r i n g  and 

dra inage  would cause a  l a r g e  i n c r e a s e  i n  ox ida t ion  of t h e  organic  ma t t e r  

i n  the s o i l s  r e s u l t i n g  i n  a gene ra l  lowering of land  l e v e l .  Another con- 

cern  of some was t h a t  t h e  inc reased  d i t c h i n g  f o r  dra inage  would gene ra l ly  

lower t h e  water  t a b l e  and s i g n i f i c a n t l y  reduce recharge t o  ground water  

aqutf  e r s  . 
In  a t tempt ing  t o  address  t h e  p o t e n t i a l  problems and a s s e s s  t h e  

environmental impact of t he  planned a c t i v i t i e s ,  i t  was recognized t h a t  

t h e r e  was a  void i n  b a s i c  s c i e n t i f i c  information concerning t h e  e f f e c t s  

of c l e a r i n g  and developing on t h e  hydrology and q u a l i t y  of t h e  dra inage  

waters  from organic  and h igh  organic  minera l  s o i l s .  This r e p o r t  p r e s e n t s  

t h e  r e s u l t s  of a  r e sea rch  p r o j e c t  i n i t i a t e d  i n  1975 t o  determine t h e  

e f f e c t s  of dra inage  and land  development on t h e  hydrology and water  

q u a l i t y  of dra inage  waters  l eav ing  t h e  a rea .  

OBJECTIVES 

1. To ana lyze  dra inage  waters  from t h r e e  p a i r e d  s i t e s  on F i r s t  Colony 

Farms t o  determine t h e  e f f e c t s  of land development on hydrology and 

water  q u a l i t y  parameters ,  t h e  seasonal  v a r i a t i o n  of t h e s e  e f f e c t s ,  

and t h e  t o t a l  n u t r i e n t  and sediment l oad  l eav ing  t h e  a r e a s .  

2. To ana lyze  dra inage  water  f o r  s e l e c t e d  h e r b i c i d e s  and i n s e c t i c i d e s  

used i n  t h e  product ion  of corn and soybeans and t o  determine t h e  

p o t e n t i a l  f o r  p o l l u t i n g  e s t u a r i n e  ecosystems from t h e  p e s t i c i d e s  

used on t h e  o rgan ic  and h igh  organic  minera l  s o i l s  i n  t h e  Blacklands. 

3 .  To determine t h e  e f f e c t s  of land  development on water t a b l e  e leva-  

t i o n s ,  seepage t o  underlying a q u i f e r s  and s o i l  subsidence and t h e  

v a r i a t i o n  of t h e s e  e f f e c t s  over  t ime. 

4 .  To eva lua t e  e x i s t i n g  hydro logic  and n u t r i e n t  t r a n s p o r t  models f o r  

Blackland cond i t i ons ,  t o  use  t h e s e  models t o  e x t r a p o l a t e  measured 

e f f e c t s  of land  development f o r  s t anda rd  even t s ,  such a s  a  25 yea r  



s to rm,  and t o  p r e d i c t  t h e  e f f e c t s  of l a n d  development f o r  ungauged 

wate r sheds .  

P rocedures  and r e s u l t s  o f  t h e  s t u d y  p e r t a i n i n g  t o  o b j e c t i v e s  1, 2 

and 3 a r e  d i s c u s s e d  i n  t h i s  r e p o r t .  O b j e c t i v e  4 i s  t h e  s u b j e c t  of Ph.D, 

t h e s i s  r e s e a r c h  by M s .  P i t s a m a i  P u r f s i n s i t .  The t h e s i s  w i l l  be f i l e d  as 

an  addendum t o  t h i s  r e p o r t  when i t  i s  completed i n  t h e  f a l l  o f  4980, 

PROCEDURES 

S i t e  S e l e c t i o n  

The l a n d  c u r r e n t l y  under  development i n  e a s t e r n  North C a r o l i n a  i s  

g e n e r a l l y  f l a t  w i t h  s u r f a c e  s l o p e s  of less t h a n  0 .Q2  p e r c e n t .  The s u r f a c e  

e l e v a t i o n  ranges  from approx imate ly  0 .5  t o  5  m above mean s e a  l e v e l ,  and 

t h e  w a t e r  t a b l e  i s  f r e q u e n t l y  w i t h i n  30 t o  60 cm of  t h e  s u r f a c e .  

The b e s t  approach f o r  d e t e r m i n i n g  t h e  i n f l u e n c e  o f  l a n d  development 

upon w a t e r  f l o w  and q u a l i t y  c h a r a c t e r i s t i c s  i s  t o  compare d r a i n a g e  w a t e r  

q u a n t i t y  and q u a l i t y  f rom r e l a t i v e l y  l a r g e  a r e a s  of s i m i l a r  s o i l  t y p e s  i n  

developed and undeveloped a r e a s .  However, i t  i s  ex t remely  d i f f i c u l t  t o  

d e f i n e  t h e  d r a i n a g e  area a c c u r a t e l y ,  p a r t i c u l a r l y  f o r  undeveloped lands, 

i n  most o f  t h e  low-lying a r e a s  of t h e  T idewate r  Region.  Fur the rmore ,  i t  

i s  d i f f i e u l t  t o  measure t h e  f low r a t e  and w a t e r  q u a l i t y  p a r a m e t e r s  in such  

l a r g e  f l a t  a r e a s  where even minor m o d i f i c a t i o n s  i n  t h e  o u t l e t  c h a n n e l  c o  

f a c i l i t a t e  measurement may c a u s e  changes  i n  f l o w  d i r e c t i o n  and  e f f e c t i v e l y  

reduce  t h e  d r a i n a g e  area. A f t e r  i n i t i a l  a t t e m p t s  t o  i d e n c i f y  s u c h  l a r g e  

a r e a s ,  i t  was concluded t h a t  a more r e a l i s t i c  approach would b e  to study 

r e l a t i v e l y  s m a l l  a r e a s  of developed and undeveloped l a n d  where t h e  drain-  

a g e  a r e a  cou ld  be  d e f i n e d  a d e q u a t e l y  and where o u t f l o w  r a t e s  and w a t e r  

q u a l i t y  pa ramete rs  c o u l d  be  measured a c c u r a t e l y .  

Three  p a i r e d  a r e a s  ( s i x  s i t e s )  of developed and undeveloped Land on 

t h e  p r o p e r t y  o f  F i r s t  Colony Farms were  s e l e c t e d  f o r  t h e  s t u d y .  L o c a t i o n s  

of t h e  s i x  s i tes  a r e  shown on a g e n e r a l  map of  t h e  area i n  F i g u r e  I. 

These s t u d y  areas were  chosen t o  r e p r e s e n t  t h e  t h r e e  e d a p h i e  groups  i n  

t h e  r e g i o n  which l a r g e l y  i n f l u e n c e  development and management. Although 

nodern s o i l  s u r v e y  r e c o g n i z e s  approx imate ly  40 d i f f e r e n t  s o i l s  i n  t h e  

r e g i o n ,  t h e  t h r e e  s i tes chosen g e n e r a l l y  span  t h e  f u l l  r a n g e  of t h e  

r e g i o n ' s  p o t e n t i a l l y  d e v e l o p a b l e  s o i l s .  The t h r e e  major  edaph ic  g roups  

and t h e  e x p e r i m e n t a l  s i tes  r e p r e s e n t i n g  t h o s e  g roups  a r e :  





1. Minera l  s o i l s  w i t h  a h i s r i c  epipedon ( H i s s i c  Humaquepts) - t h a s  

group of s o i l s  i s  c h a r a c t e r f z e d  by a s u r f a c e  h o r i z o n  w i t h  a  h i g h  o r g a n i c  

m a t t e r  c o n t e n t  which does n s t  ex tend  deep enough i n  t h e  s o i l  p r o f i l e  

(< 40 cm) f o r  t h e  s o i l s  t o  be  c l a s s i f i e d  a s  o r g a n i c  s o i l s ,  The mineral 

c o n t a c t  below t h e  o r g a n i c  h o r i z o n  may be e i e h e r  shnd o r  c l a y .  In she 

r e g i o n  b e i n g  d i s c u s s e d ,  t h i s  rype  o f  s o i l  i s  t h e  e a s i e s t  t o  p r e p a r e  f o r  

c u l t i v a t e d  l a n d  and i s  t h e  most p r o d u c t i v e  a f t e r  c l e a r i n g .  

The p a i r e d  s i t e s  f o r  c h i s  s o i l  group were l o c a t e d  i n  T y r r e i l  County 

abou t  s i x  m i l e s  wes t  of t h e  A l l i g a t o r  R i v e r ,  The l a n d  e l e v a t i o n  i a  

a b o u t  1 , 8  in above sea l e v e l  and t h e  s o i l  h a s  abou t  35 cm s f  o r g a n i c  

m a t t e r  o v e r  a  c l a y  loam s u b s o i l .  The developed s i t e  i s  i d e n t i f i e d  a s  

s i t e  1 0 1  and t h e  undeveloped s i t e  as 102 in F i g u r e  1. S i t e  102 had a 

s t a n d  of h a r v e s t a b l e  t imber  d u r i n g  t h e  s t u d y .  The d r a i n a g e  a r e a  f o r  

b o t h  si tes was approx imate ly  7.4 h a  d r a i n e d  by a  s i n g l e  f i e l d  d i t c h ,  

2 .  Shallow o r g a n i c  s o i l s  ( T e r r i c  M e d i s a p r i s t )  - t h e s e  are s o i l s  

which have a  h i g h  o r g a n i c  m a t t e r  s u r f a c e  which e x t e n d s  t o  d e p t h s  of 40 

t o  130 cm below t h e  s u r f a c e  b e f o r e  c o n t a c t i n g  a m i n e r a l  l a y e r .  T h i s  is  

t h e  second most p r o d u c t i v e  group of s o d s  i n  the r e g i o n ,  The p e r c e n t a g e  

of t h e  s o i l s  of t h i s  t y p e  t h a t  a r e  c l e a r e d  f o r  a g r i c u l t u r a l  purposes  

depends l a r g e l y  upon t h e  amount o f  b u r i e d  wood w i t h i n  the profile, 

S i t e s  106 and 107 ( F i g u r e  1) r e p r e s e n t ,  r e s p e c t i v e l y ,  t h e  deireloped 

and undeveloped s i t e s  f o r  t h i s  s o i l .  The l a n d  e l e v a t i o n  (0,9 t o  B,5 m) 

i s  m a r g i n a l  f o r  g r a v i t y  f low d r a i n a g e  on t h e  s i t e s  and f l o w  measurements 

i n  a major  c o l l e c t i o n  d i t c h  was n o t  p o s s i b l e .  The d r a i n a g e  a r e a  f a r  each 

s i t e  was a l s o  t h e  7.4 h a  d r a i n e d  by a s i n g l e  f i e l d  d i t c h .  The s o i l s  had 

a b o u t  60 cm of o r g a n i c  m a t t e r  o v e r  a sandy loam s u b s o i l .  The anount  of 

b u r i e d  wood was r e l a t i v e l y  s m a l l .  

3 .  Deep c o l l o i d a l  o rganac  (Typic M e d i s a p r i s t )  - t h i s  group of s o i l s  

i s  c h a r a c t e r i z e d  by h a v i n g  c o l l o i d a l  o r g a n i c  m a t t e r  h o r i z o n s  which exte~d 

deep (> 139 cm) i n t o  t h e  s o i l  p r o f i l e .  These a r e  che l e a s t  productive of  

t h e  s o i l s  t h a t  may b e  c l e a r e d  f o r  a g r i c u l t u r a l  p r o d u c t i o n .  They u s u a l l y  

c o n t a i n  l a r g e  amouncs of b u r i e d  wood which i s  a problen: bozh i n  t h e  

i n i t i a l  l a n d  p r e p a r a t i o n  and d u r i n g  c u l t u r a l  o p e r a t i o n s  f o r  several  

y e a r s  a f t e r  c l e a r i n g .  C l e a r e d  l a n d  of t h i s  t y p e  i s  most l i k e l y  to b e  

used f o r  p a s t u r e  and f o r a g e  p r o d u c t i o n .  



S i t e s  1 0 3  and I 0 4  ( F i g u r e  1 )  r e p r e s e n t  t h e  developed and undeveloped 

s i tes ,  r e s p e c t i v e l y ,  f o r  t h i s  s o i l .  The developed s i t e  (103) was p l a n t e d  

t o  f e s c u e  and was under  g r a z i n g  management d u r i n g  t h e  s t u d y .  The un- 

developed s i t e  (104) had a  cover  of small pond p i n e s  and s m a l l  n a t i v e  

s h r u b s  whfch have been a lmos t  comple te ly  u n a f f e c t e d  by man's a c t i v i t i e s .  

Each s i t e  had a w e l l - d e f i n e d  d r a i n a g e  a r e a  of 130  h a  which was t h e  a r e a  

d r a i n i n g  fnku a  c o i l e c t o r  d i t c h .  The c o l l e c t o r  d i t c h e s  were  abou t  1600 m 

(one-mile) l o n g  and spaced 800 m (0.5 m i l e )  a p a r t .  The developed s i t e  

(103) had f i e l d  d i t c h e s  spaced  100 m a p a r t  t h a t  empt ied f n t o  t h e  c o l l e c -  

t o r  c a n a l ;  t h e r e  were no f i e l d  d i c c h e s  i n  t h e  undeveloped s i te .  

A summary of t h e  c h a r a c t e r i s t i c s  of t h e  r e s e a r c h  s i t e s ,  i n c l u d i n g  

t h e  c rops  grown i n  t h e  d i f f e r e n t  y e a r s ,  i s  g i v e n  i n  Tab le  1. D e t a i l e d  

s o i l  p r o f i l e  d e s c r i p t i o n s  were  made, t o  a d e p t h  of abou t  12 m,  f o r  e a c h  

s i t e  and a r e  g i v e n  i n  Appendix A. 

Hydro log ic  Measurements 

Flash-board riser s t r u c t u r e s  w i t h  w e i r s  were i n s t a l l e d  a t  t h e  d r a i n a g e  

o u t l e t s  a t  each  of t h e  s i x  e x p e r i m e n t a l  s i t e s  ( F i g u r e  2 ) .  Schemat ics  of 

the  e x p e r i m e n t a l  s i tes  showing t h e  d r a i n a g e  p a t t e r n s  and t h e  placement  o f  

i n s t r u m e n t s  and equipment a r e  g i v e n  i n  F i g u r e  3. The t r i a n g u l a r  w e i r s  

were  c a l i b r a t e d  i n  p l a c e  and o u t f l o w  r a t e s  were  c o n t i n u o u s l y  measured by 

r e c o r d i n g  t h e  s t a g e  on t h e  ups t ream s i d e  of t h e  w e i r s  w i t h  t y p e  F  w a t e r  

l e v e l  r e c o r d e r s .  The w e i r s  were submerged d u r i n g  some p e r i o d s  of h i g h  

r a i n f a l l  when t h e  w a t e r  backed up i n  t h e  o u t l e t  d r a i n a g e  c a n a l s .  T h i s  

was caused by i n a d e q u a t e  c a p a c i t y  o f  t h e  o u t l e t s  and o c c u r r e d  a t  some 

s i t e s  more t h a n  s t h e r s ,  Methods f o r  c o r r e c t i n g  t h e  f low volumes f o r  t h e  

p e r i o d  of submergence w i l l  b e  d i s c u s s e d  i n  a subsequen t  s e c t i o n .  The 

o u t f l o w  was sampled c o n t i n u o u s l y  a t  each o u t l e t  by a s e m i - p r o p o r t i o n a l  

a u t o m a t i c  w a t e r  sample r .  The s t a g e  r e c o r d e r s  were  s e r v i c e d  weekly,  and 

w a t e r  samples  were  c o l l e c t e d  a t  t h e  same t i m e  f o r  l a b o r a t o r y  a n a l y s e s .  

A r e c o r d i n g  r a i n  gauge was l o c a t e d  on each  p a i r e d  s i t e  t o  measure t h e  

amount and t empora l  d i s t r i b u t i o n  of r a i n f a l l  e v e n t s .  A c l a s s  A evapora-  

t i o n  pan was i n s t a l l e d  n e a r  s i t e  103  and i n s t r u m e n t e d  t o  c o n t i n u o u s l y  re- 

c o r d  pan e v a p o r a t i o n  d u r i n g  1976 and 1977. S i m i l a r  pans  were  i n s t a l l e d  

on s i t e  1 0 3  and a t  t h e  U.S .  F o r e s t  S e r v i c e  f i r e  tower  abou t  4 km from 

s i t e  106 d u r i n g  t h e  summer of 1979. S o l a r  r a d i a t i o n ,  wind speed ,  d a i l y  

maxfmum and minimum t e m p e r a t u r e s  and r e l a t i v e  humid i ty  d a t a  were  a v a i l a b l e  

f o r  t h e  p e r i o d  J u n e ,  1977 th rough  1979 f rom a n  e x p e r i m e n t a l  p e a t  h a r v e s t -  





Deep Organic 
S i t e  ( 1 0 4 )  

Minera l  
S i t e  (102) 

F i g u r e  2 .  I n s t a l l a t i o n  of f l a sh-board  r i s e r  s t r u c t u r e s  and equipment 
a t  t h e  deep o r g a n i c  s o i l  s i t e  and a t  t h e  i n o r g a n i c  s o i l  s i t e  
f o r  t h e  con t inuous  measurement of o u t f l o w s  and w a t e r  sample 
c o l l e c t i o n .  Not ice  d i f f e r e n c e  between n a t i v e  v e g e t a t i o n  as 
a  r e s u l t  of s o i l  d i f f e r e n c e s .  



i n g  s i t e  abou t  4 km from s f t e  1 0 3 ,  These d a t a  were  used t o  e s t i m a t e  

d a i l y  p o t e n t i a l  evapotranspiration, 

Water t a b l e  e v a l u a t i o n s  were  c o n t i n u o u s l y  r e c o r d e d  on each s f t e  by 

i n s t a l l i n g  10-em d i a m e t e r  o b s e r v a t i o n  w e l l s  and t y p e  F w a r e r  Level  r ecord-  

ers. S i t e  104 d i d  n o t  have f i e l d  d i t c h e s  and a  s i n g l e  w a t e r  l e v e l  r eeord-  

er was p l a c e d  n e a r  t h e  c e n t e r  of r h e  3-30 h a  a r e a  ( F i g u r e  3 ) ,  All o t h e r  

sites had f i e l d  d ~ t c h e s  spaced e i t h e r  90 o r  100 m a p a r t  and a t  Peas& two 

r e c o r d e r s  were  p laced  i n  each  s f c e ,  Waeer Eevei  r e c o r d e r s  were  p l a c e d  7=5 

m from t h e  f i e l d  d i t c h  d r a i n i n g  t h e  a r e a  and a t  45 o r  50 m fvam t h e  d r a i n ,  

which was midway between a d j a c e n t  d i t c h e s  ( F i g u r e  3 ) ,  The r e c o r d e r s  were  

l o c a t e d  beyond t h e  zone of i n f l u e n c e  of t h e  d e e p e r  c o l l e c t o x  c a n a l  a t  che 

end of each  s i t e ,  An a d d i t i o n a l  r e c o r d e r  was p l a c e d  midway between f i e l d  

d i t c h e s  and 30 m from t h e  c o l l e c t o r  c a n a l  i n  s i t e  1 0 3  ( F i g u r e  3 ) ,  The 

p u r p o s e  of t h i s  r e c o r d e r  was to d e t e r m i n e  t h e  e f f e c t  of t h e  deeper  eoklec-  

t o r  c a n a l  on w a t e r  t a b l e  drawdown n e a r  t h e  end of t h e  s i t e  and f o r  u s e  i n  

d e t e r m i n i n g  t h e  h y d r a u l i c  c o n d u c t i v i t y  of t h e  p r o f i l e .  Addl t ienaP w a t e r  

l e v e l  r e c o r d e r s  were  i n s t a l l e d  d u r i n g  1979 t o  b e t t e r  d e f i n e  t h e  v a r i a t i o n  

of w a t e r  t a b l e  w i r h i n  t h e  f i e l d ,  P iezomete rs  (5-cm d i a m e t e r )  were  i n s t s l l -  

ed on a l l  s i tes e x c e p t  1 0 1  a t  d e p t h s  of 3 , 0 ,  6,1, 9 , 1 ,  and 1 2 - 2  m r o  d e r e r -  

mine v e r t i c a l  g r a d i e n t s  c o n t r o l l i n g  w a t e r  movement t o  ( o r  from) u n d e r l y i n g  

a q u i f e r s .  Water l e v e l s  i n  t h e  p iezomete rs  were  manually de te rmined  a t  

unequa l  t i m e  inc rements  d u r i n g  che s t u d y ,  

Water Q u a l i t y  Measurements 

Sampling 
?k 

A f low-propor t iona l  a u t o m a t i c  compos i te  w a t e r  sampler  was l o c a t e d  

a t  each s i t e  f o r  c o P l e c t f o n  o f  w a t e r  sam$%s. These compos i te  samples 

were  c o l l e c t e d  weekly f o r  l a b o r a t o r y  a n a l y s e s ,  I n  a p r e v i o u s  p r o j e c t ,  w e  

had determined t h a t  chemica l  changes i n  t h e  f i e l d  c o l l e c t o r  o v e r  a cwo- 

week p e r i o d  were  i n s i g n i f i c a n t ,  s o  no p r e s e r v a t i v e  was used i n  rhe 

c o l l e c t i o n  b o t t l e .  When t h e  samples  reached  r h e  l a b o r a t o r y ,  they were  

m a i n t a i n e d  a t  4 g C  u n t i l  a n a l y s e s  were  completed, These  weekly composf te  

samples were  ana lyzed  f a r  t o t a l  P ,  t o t a l  N ,  n i t r a t e - n i t r o g e n ,  amonium- 

n i t r o g e n ,  t o t a l  o r g a n i c  C, and C l .  The composi te  samples  collected t h e  

f i r s t  week of each month were  ana lyzed  f o r  Ca,Mg,N,K,Fe,Mn,Zn,Cu, and Cd- 

F i e l d  measurements of c o n d u c t i v i t y ,  s a l i n i t y ,  d i s s o l v e d  oxygen, 

t e m p e r a t u r e ,  and pH were  made on g r a b  samples  t a k e n  from w a t e r  f lowing  

>k 
A c t u a l l y  was o n l y  s e m i - p r o p o r t i o n a l ,  
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' through t h e  w e i r  a t  t h e  weekly sampl ing t i m e s .  F i l t e r a b l e  s o l i d s  

and t u r b i d i t y  were  a l s o  r u n  on t h e  weekly g r a b  samples .  F e c a l  and 

c o l i f o r m  b a c t e r i a  were  r u n  on g r a b  samples t a k e n  bi-weekly. 

A n a l y t i c a l  Methods 

Temperature,  c o n d u c t i v i t y  and s a l i n i t y  were  measured w i t h  a 

Model 33 p o r t a b l e  S-C-T meter manufactured by Yellow Spr ings  Znstru-  

ment Company. I n i t i a l l y  p 9  was measured i n  t h e  f i e l d  wirh a  p o r t a b l e  

pH mete r  and t h e  g r a b  sample  was a l s o  ana lyzed  i n  t h e  l a b o r a t o r y ,  No 

d i f f e r e n c e s  were  n o t e d  between t h e  two measurement t e c h n i q u e s  drxving 

t h e  f i r s t  few m o n ~ h s ,  s o  a l l  subsequen t  pH measurements were  made on 

g r a b  samples b rought  t o  t h e  l a b o r a t o r y .  D i s s o l v e d  oxygen was d e t e r -  

mined i n  t h e  f i e l d  d u r i n g  t h e  "Azide m o d i f i c a t i o n  o f  i o d o m e t r i c  

method" (S tandard  Methods, 1965, pg. 406) .  

T u r b i d i t y  was de te rmined  u s i n g  a c a n d l e  t u r b i d i m e t e r  (S tandard  

Methods, 1965) u n t i l  6-14-77; s u b s e q u e n t l y ,  a l l  t u r b i d i t y  a n a l y s e s  

were done on a Model DRT 100 HG I n s t r u m e n t s  T u r b i d i t y  I n s t r u m e n t ,  

Suspended s o l i d s  ( sed iment )  were de te rmined  u s i n g  t h e  M i l l i p o r e  Sus- 

pended S o l i d s  A n a l y s i s  System (> .45 um d i a m e t e r ) .  

T o t a l  and f e c a l  c o l i f o r m s  were  r u n  u s i n g  t h e  membrane f i l t e r  

t e c h n i q u e  (S tandard  Methods, 1955, pg.  610) .  GePman GN-6 f i l t e r s  

were used and t h e  medium used c o n t a i n e d  no a g a r .  R e s u l t s  were r e p o r t -  

e d  as c o l o n i e s  p e r  LO9 m l  of sample.  Water samples  c o l l e c t e d  f o r  c o l i -  

form a n a l y s i s  were  immediate ly  p l a c e d  on i c e  and t h e  a n a l y s i s  proce-  

d u r e s  were  i n i t i a t e d  w i t h i n  24-hours of sample  c o l l e c t i o n .  

N i t r a t e  was de te rmined  u s i n g  t h e  Lowe and Hamilton (1967) bac- 

t e r i a l  t e c h n i q u e  f o r  r e d u c t i o n  t o  n i t r i t e  and t h e  n i t r i t e  w a s  d e t e r -  

mined by t h e  p r o c e d u r e  d e s c r i b e d  i n  S tandard  Methods, 1965,  pg,  205. 

An ammonium e l e c t r o d e  was used f o r  amrnonium d e t e r m i n a t i o n .  T o t a l  

K j e l d a h l  N and t o t a l  P were a n a l y z e d  by t h e  p r o c e d u r e s  d e s c r i b e d  on 

pages  208 and 232, r e s p e c t i v e l y ,  o f  S tandard  Methods, 1965. 

The ampule t e c h n i q u e  o f  Oceanographic  I n t e r n a t i o n a l  Insfrunlent  

Co. was used f o r  t h e  a n a l y s i s  of t o t a l  o r g a n i c  C .  B i o l o g i c a l  oxygen 

demand (5-day] was d e ~ e r m l n e d  by t h e  N o r t h  C a r o l i n a  Depn- a r t m e n c  of N a t u r a l  

and Economic Resources  Water L a b o r a t o r y  u s i n g  EPA approved p r o c e d u r e s ,  

The a n a l y t i c a l  t e c h n i q u e  used f o r  c h l o r i d e  d e t e r m i n a t i o n s  was 

t h a t  d e s c r i b e d  by G i l l i a m  (1971) e x c e p t  t h a t  t h e  w a t e r  samples  were  

mixed w i t h  t h e  e x t r a c t i o n  s o l u t i o n  d e s c r i b e d .  



M e t a l l i c  c a t i o n s  were  determined on a 50 m l  a l i q u o t  which was 

evapora ted  t o  d r y n e s s ,  d i s s o l v e d  i n  1 0  ml of 2,5N H C l  and a g a f n  evapo- 

r a t e d  t o  d r y n e s s  and d i s s o l v e d  i n  1 0  m l  of  2.5N HCl and d i l u t e d  t o  50 

m l ,  A f lame photometer  was used f o r  N a  and K and a tomic  absorption 

s p e c t r o s c o p y  was used f o r  a l l  o t h e r  m e t a l l i c  c a t f o n s ,  

Labora to ry  eechn iques  were  cheeked u s i n g  Q u a l i t y  C o n t r o l  Samples 

o b t a i n e d  from EPA f o r  a l l  pa ramete rs  p o s s i b l e ,  These r e f e r e n c e  samples  

were  a l s o  f r e q u e n t l y  i n c l u d e d  w i t h  r o u t i n e  samples  a s  a b l i n d  check t o  

e n s u r e  r e a s o n a b l e  a n a l y t i c a l  accuracy  and p r e c i s i o n .  

A l l  n u t r i e n t  c o n c e n t r a t i o n s  and e f f l u x e s  a r e  e x p r e s s e d  on a n  

e l e m e n t a l  b a s i s ,  

F i e l d  Work 

A l l  developed a r e a s  sampled were  managed by l o c a l  f a r m e r s  o v e r  whom 

we had no c o n t r o l ,  They were  g e n e r a l l y  v e r y  c o o p e r a t i v e  and informed 

u s  I n  advance of any major  p lanned a c t i v i t i e s ,  They a l s o  p rov ided  i n f o r -  

mat ion  a s  t o  f e r t i l i z e r ,  p e s t i c i d e  and l i m e  r a t e s  uded.  D e t a i l s  o f  farm- 

i n g  a c t i v i t i e s ,  p l a n t i n g  d a t e s  and f e r t i l i z e r  a p p l i c a t i o n  a r e  g i v e n  i n  

Tabhe 2 ,  

Because o t h e r s  hsve n o t e d  l a r g e  l o s s e s  s f  b o t h  p e s t i c i d e s  and f e r t i -  

Bazer n u t r i e n t s  i n  the f i r s t  runof f  e v e n t s  a f t e r  a p p l i c a t i o n  of t h e s e  

chemica l s ,  w e  had a n  i n t e n s i v e  sampl ing program f o r  t h e  c u l t i v a t e d  f i e l d s  

f o r  t h e  f i rs t  one o r  s w 0  runoff e v e n t s  a f t e r  p l a n t i n g  and f e r t i l i z a t i o n ,  

Rainfall events rmmediately f o l l o w i n g  s p r i n g  f e r t f l l z a t i o n  and p l a n t i n g  

durang our  ~ n v e s t i g a t a o n  tended t o  b e  s m a l l  and w i d e l y  s c a t t e r e d ,  Th is  

r e s u l t e d  i n  a s m a l l e r  l o s s  of n u t r i e n t s ,  p e s t i c i d e s ,  and sed iment  t h a n  

weuld have o c c u r r e d  f o r  more f r e q u e n t  and i n t e n s i v e  r a f n f a l l ,  It a l s o  

i n c r e a s e d  the s c s t  of che d a t a  c o l l e c t i o n  phase  s f  t h e  p r o j e c t  a s  a teck-  

n r c i a n  had t o  s t a y  i n  zhe area f o r  s e v e r a l  weeks i n  some c a s e s ,  u n t i l  

rainfall o c c ~ r r e d  

R a m f a l l  ColLeceion 

RafnfePi! and o t h e r  a ~ m o s p h e r i c  d e p o s i t i o n w e r e c o l l e c t e d  a t  f o u r  of 

t h e  szx exper5mentaB sr tes ,  The e o l E e c r o r  was c o n s t r u c t e d  u s i n g  a 23 cm 

Length of nemlna l  18 crn d i a m e t e r  PVC p i p e ,  The sop edge of t h e  p i p e  was 

grcund t o  a s h a r p  edge with t h e  b e v e l  co t h e  o u t s i d e ,  The i n t e r n a l  d i a -  

meser was P0,68 cm The boctom sf t h e  pape was s e a l e d  w i t h  a s e a n d a r d  

PVC end zap w h k h  was so lvenk  welded t e  t h e  p f p e ,  A l , 2 5  em h o l e  was 

d n i l e d  in rhe c e n t e r  of t h e  end cap and a 15 em p i e c e  of 1 , 2 5  crn (0 ,D.)  

PVC p f p e  was welded l n t c  t h i s  hc2eo The PVC c s l l e c e o r  was p l a c e d  on t o p  

1 2  



Table 2. A d e t a i l e d  sumnary o f  the crops p lan ted  and f e r t i l i z e r  and l i n x ?  a p p l i e d  t o  each s i t e  

S i t e  
No. S o i r  

Year - 29. Planted -- F e r t i l i z e r  - 
Date Rate -(- 

Lime 
O a t ~  Rate 

(T lha)  

M i n e r a l - h i s t i c  1975-79 
epipedion 

M i n e r a l - h i s t i c  1976 
epipedion 

1977 

1978 

1979 

Good stand o f  p ine,  no  rhemicals  added 

Natura l ,  c l e a r i n g  began i n  6-77 

Soybeans 7-19 7-1 36-48-09 7-1 13.4 
5.6 Cu 

Soybeans -6-28, 6-29 6-28 24-31-117 
5.6 CU 

Corn 5-7, 5-8 5-7 34-45-167 5-7 4.5 
~u,Mn,Zn(3.5) 

6-26 190-0-0 

Na t i ve  veqe ta t ion  o f  g a l l b e r r y  and poor q u a l i t y  p ine .  No chemicals added. Typic Medisapr is t  1975-79 
> 130 cm o f  organic 
mat ter  

c u t s  1-8 m i l l e t  s p r i n g  
cu ts  9-16 Sudan, sorghum 

Typic Medisapr is t  1974 
r 130 cm o f  orqanic 
mat te r  

1974 
1975 

r y p  grass f a l l  
cu ts  1-8 Lespedeza spr inq  
& Da l las  grass 
cu ts  9-16 wheat f a l l  
fescue. c l o v e r  
c u t s  7-8 Da l las  grass s p r i n g  
cu ts  9-10 fescue, c l o v e r  s p r i n g  
cu ts  1-8 s u m e r  

c u t s  1-8 5-8 67.2-24.5-46 

Nat i ve  vege ta t ion  o f  p i n e  and g a l l b e r r  T e r r i c  Medisapr is t  1975-79 
.70-130 cm o f  orqani r  
mat te r  

T e r r i c  Medisapr is t  1976 
70-130 cm o f  organic 
mat te r  

Corn 

Soybeans T e r r i c  Medisapr is t  1977 
70-130 cm o f  organic 
mat te r  

Soybrans 

Soybeans 



of a  15 x 20 x  25 cm box open on one s i d e  and wi th  a  1.25 cm h o l e  i n  t h e  

top.  The 1.25 cm p i p e  from t h e  c o l l e c t o r  passed through t h e  h o l e  i n  top 

of t h e  box and pro t ruded  i n t o  a  0.5 L polye thylene  b o t t l e  wi th  h o l e  i n  

t h e  top j u s t  l a r g e  enough t o  accomodate t h e  1.25 cm pipe  from PVC co l l ec -  

t o r .  The box was placed on a  s t and  30 cm from t h e  s o i l  su r f ace .  Samples 

were removed from t h e  c o l l e c t o r  weekly when r a i n f a l l  occurred.  This  sys- 

tem was placed next  t o  t h e  record ing  r a i n  gauge a t  each s i t e  which was 

used f o r  measurfng t h e  q u a n t i t y  of r a i n f a l l .  

R a i n f a l l  sainples were t r anspor t ed  t o  t h e  l a b o r a t o r y  and were analyzed 

f o r  pH, NO -N, NET_ -N,  TKN, P,  Ca, Mg, Na, K ,  Cu, Fe, Mn, Zn, Cd, and C 1 .  
3 4 

The procedures  used f o r  t h e s e  ana lyses  were t h e  same a s  t hose  used f o r  

a n a l y s i s  of runoff  water  samples. 



Application, Pesticide Sampling, and Analysis 

General 

The project was designed to study those pesticides used by the 

cooperating farm for weed and insect control. Initially, we envisioned 

that the growers would use as many as three herbicides in the prcductisn 

of soybeans, corn, and forage grass. In the course of the 3-year study, 

normal cropping sequences in both developed areas used for row crops 

formulations alleged by those unfamiliar with this herbicide. 

Land preparation in these recently cleared and drained lands is far 

less uniform than on land that has been in production for long periods, 

(Sites 101 and 106) would eonsfst of alternate crops sf corn and soybeans 

(i.e., corn one year and soybeans the next). Soybeans were p l m t e d  on 

both sites in 1977, As a result of unfavorable weather during the corn- 

planting season in 1978 and 1979, soybeans were planted in Site I06 both  

years and in 101 in 1978. Corn was planted in Site 101 in 2999, Under 

normal conditions, corn would have been planted in at least 1 of the 3 

years at both sites, 

Due to these unforeseen circumstances, pesticfde use was restricted 

almost entirely to alachlor [2-chloro-2 ' $6 ' -diethyP-g- (methoxymethyjl] 
acetanilide]. Thus, we investigated intensively the distribution of 

alachlor in the organic soils and in the drainage water from the devel- 

oped Sites 101 and 106, 

Applicatlon of pesticides other than alachlor on Sires 104 and 106 

by the farm operators was sporatic and unpredictable. Generally, we 

could not prepare for such applications in advance; hence it was diffi- 

cult to attempt to study movement of pesticides other than alachlor, We 

did anticipate applicatfon of terbufos [0, - - 0-diethyl-S-(( - (l,1-dfrnet.by1eth~?~) 

thio)methyl)phosphorodfthioie acid] to corn on Site PO1 in 1999 by a few 

weeks, and some attention was directed to study of this pesticide. 

In 1978, 2,4-D [ 2  ,4-dichlorophenoxy)acetic acid] was applied to the 

third developed site (Site 103) on August 14, 1978 for the purpose of 

obtaining data on herbicide transport in surface runoff from pastures, 

This herbicide is often used in such areas to control broadleaf weeds and 

woody species. In recent years interest in the movement of the ghensxy 

herbicides in the environment has expanded as dioxin contaminanss in 

formulations of 2,4,5-T has been confirmed and their presence in 2,4-D 



Secondary o b j e c t i v e s  were t o  conf i rm ehe  amount of a l a e h l o r  a p p l i e d ,  t o  

d e t e r m i n e  t h e  u n l f o r m i t y  of a p p l i c a t i o n ,  and t o  e s t i m a t e  t h e  v a r i a t i o n  

i n  the  a l a c h l o r  Peve l  among soil samples o b t a i n e d  from t h e  l a r g e  f i e l d s .  

Land P r e p a r a t i o n  and P e s t i c i d e  A p p l i c a t i o n  

The s o i l s  a r e  d e s c r i b e d  i n  d e t a i l  e l s e w h e r e  i n  t h e  r e p o r t ,  I n  p re -  

p a r a t i o n  f o r  p l a n t i n g  soybeans  and c o r n ,  f e r t i l i z e r  was a p p l i e d  on S i t e s  

10% and 106 and the f i e l d s  d f s k e d  and d ragged ,  The p l a n t i n g  d a t e  f o r  

soybeans  v a r i e d  from e a r l y  J u n e  t o  mid J u l y .  The p e s t i c i d e s  a p p l i e d ,  

t h e  da tes ,  rates, and methods of a p p l f c a t i o n ,  and r e l a t e d  i n f o r m a t i o n  

f o r  S i t e s  10% and PO6 a r e  shown i n  Tab le  3 ,  A l a c h l o r  was a p p l i e d  by 

ground equipment t o  S i t e s  1 0 1  and I 0 6  i n  1977 and t o  S i t e  106 i n  1979. 
I 

i The h e r b i c i d e  was a p p l i e d  by a i r  t o  S i r e s  109  and 106 i n  I 9 3 8  and t o  S i t e  

1 0 1  i n  1979. The r a t e  of a p p l i c a t i o n  of a l a c h l o r  as r e p o r t e d  by t h e  
I 
I farm manager was 4 , 4 8  k g h a  in a l l  c a s e s .  

The developed p a s t u r e  i n c l u d e d  a s  a  s t u d y  a r e a ,  S i t e  103 ,  was 

a e r i a l l y  sp rayed  w i t h  2,4-D a s  t h e  a lkano lamine  sa l t  a t  a  r a t e  o f  1 .12  

kg/ha  on August 1 4 ,  1938.  The a p p l i c a t i o n  was de layed  f o r  s e v e r a l  weeks 

because  f r e q u e n t  r a i n s  i n t e r f e r e d  w f t h  s c h e d u l i n g  t h e  a p p l i c a t i o n s .  

However, a d rought  fo l lowed  application, and no s i g n i f i c a n t  r u n o f f  

o c c u r r e d  a t  S i t e  1 0 3  f o r  abou t  5 months. C o n s i d e r a b l e  t i m e  was expended 

i n  o r d e r  t o  b e  p r e p a r e d  t o  c o l l e c t  r u n o f f  samples ,  shou1d r a i n  have 

o c c u r r e d ,  However, because  of t h e  l o n g  a b s e n c e  of r a i n ,  we were  u n a b l e  

t o  o b t a i n  r u n o f f  d a t a  f o r  2,4-D. Rapid d e g r a d a t i o n  of 2,4-D p r e c l u d e d  

c o n t i n u i n g  t h i s  phase of t h e  s t u d y .  



a / T a b l e  3 .  P l a n t i n g  d a t e s  and p e s t i c i d e  a p p l i c a t i o n s , -  

Year S i t e  1 0 1  S i t e  106 

1977 Crop Soybeans Soybeans 
P l a n t i n g  d a t e  J u l y  1 9  J u n e  21  
A l a c h l o r  a p p l i e d  J u l y  20 J u n e  21  
Equipment used t o  

a p p l y  a l a c h l o r  Ground Ground 
Ra te  of a p p l i c a t i o n  4.48 kg iha  ( a i )  4 - 4 8  kgfha  ( a f )  
Type of a p p l i c a t i o n  Broadcas t ,  s u r f a c e  B r o a d c a s t ,  s u r f a c e  
Volume of s o l u t i o n  190 l i t e r s / h a  190 l i t e r s l h a  

1978 Crop Soybeans 
P l a n t i n g  d a t e  J u n e  28-29 
A l a c h l o r  a p p l i e d  June  29 

Equipment used t o  
a p p l y  a l a c h l o r  A e r i a l  

Rate of a p p l i c a t i o n  4.48 kgfha  ( a i )  
Type o f  a p p l i c a t i o n  Broadcas t ,  s u r f a c e  
Volume of  s o l u t i o n  LV 

1979 Crop 
P l a n t i n g  d a t e  
A l a c h l o r  a p p l i e d  
Equipment used t o  

a p p l y  a l a c h l o r  
R a t e  of a l a c h l o r  
Type o f  a p p l i c a t i o n  
Volume of  s o l u t i o n  
Terbufos  (coun te rR)  

a p p l i e d  
Rate of t e r b u f o s  
Type of t r e a t m e n t  
Dicamba ( ~ a n v e l ~ )  
R a t e  o f  a p p l i c a t i o n  

Type of a p p l i c a t i o n  

Corn 
May 7-8 
May I1 

Soybeans 
J u l y  P and 3 
J u l y  1 (Reps 11 & I V )  
J u l y  3 (Reps I & 111) 

A e r i a l  
4.48 k g f h a  ( a f )  
B r o a d c a s t ,  s u r f a c e  
LV 

Soybeans 
June  3 
June-  5 

A e r i a l  Ground 
4.48 kg/ha  ( a i )  4.48 kgrha  ( a i )  
B r o a d c a s t ,  s u r f a c e  B r o a d c a s t ,  s u r f a c e  
LV 190 l i t e r s / h a  

May 7-8 
1 . 3  kgfha  ( a i )  
I n  fu r row 
J u n e  26 
0 .4  kgfha  f n  30% 

n i t r o g e n  s o l u t i o n  
Postemergence,  b r o a d c a s t  

a / S i t e  103  was sprayed  wich 2,4-D on  August 1 4 ,  1978 a t  a r a t e  of 
1 . 1 2  kg/ha .  



Soil Sampling 

In 1977, four plots, each 0.4 ha in size, were established at each 

of rhe two 7.4-ha sites (101 and l06), Sites PO1 and 106 were each about 

90 m wPde, with a drainage V-ditch splitting the field and parallel to 

the long axis of the sites. Two of the samll plots at each site were on 

one side of the V-di~ch and two were on the other side. Soil samples 

were collected in 1977 from each plot in a line perpendicular to the 

V-ditch. On successive sampling dates, samples were collected in a line 

approximately 5 meters farther into the plot, thus avoiding the sampling 

of the same spot on different dates, 

Sam~Pes of surface soil were taken for the first 4 weeks after 

appkfcatfon (28 and 29 days for Sites 101 and 106, respectively). The 

sampler was patterned after the Smith Surface Soil Sample&' and was 

fabrfcated from a 20.4-cm (diam) aluminum desiccator, At both sites 

seven surface samples were collected from each plot on each sampling date 

in 1977. At Site 101 surface soil samples were taken to a depth of 5 ern 

immediately after spraying and at 1 and 5 days after spraying, Fourteen 

and twenty-eight days after treatment, surface samples were taken to a 

depth of 7,5 cm. Surface soil at Site LO6 was sampled to depth of 5 cm 

immediately after herbicide application and at I and 7 days after appli- 

cation. Twenty-nine days after spraying, surface samples were taken to 

a depth of 7,5 em. The seven individual samples taken from each plot 

during the first 4 weeks after application in 1977 were analyzed sepa- 

rately to obtain an estimate of the variation in spray distribution over 

the fields, 

Subsurface soil samples were taken with a split-tube sampler (2 cm 

diameter) to a depth of 30 cm. Fffteen soil cores were collected 

randomly from each plot and divided into depth increments. The samples 

were cornposited by depth increments to give one sample for each depth 

range from each plot. These subsurface samples were collected 14, 28, 

56,and 248 days after treatment at Site 109, and 29, 56, and 307 days 

after treatment at Site 106. All soil samples (surface and subsurface) 

were placed in polyethylene bags and frozen until analyzed. Insulated 

l / ~ .  N. Smith. 1975. U. S. Environmental Protection Agency, Athens, Ga. 
Unpublished report. 



boxes w i t h  s o l i d  ca rbon  d i o x i d e  were  used d u r i n g  c o l l e c t i o n  and t r a n s p o r t  

of t h e  samples t o  t h e  l a b o r a t o r y .  Check samples  were c o l l e c t e d  from 

u n t r e a t e d  s i t e s ,  

S o i l  samples were  c o l l e c t e d  a g a i n  i n  I978  and 1979,  SampEfng tfnes 

v a r i e d  i n  d i f f e r e n t  y e a r s  and e x p e r i m e n t a l  s i t e s  due t o  wearher  conditions, 

wet s o i l ,  and d i f f i c u l r i e s  i n  s c h e d u l i n g  sampling.  Sampling methods were 

i d e n t f c a l  t o  t h o s e  r e p o r t e d  f o r  1977 e x c e p t  t h a t  t h e  indi.vidual samples  

f o r  each p l o t ,  t a k e n  w i t h  t h e  Smith S u r f a c e  S o i l  Sampler o r  with t he  

s p l i t - t u b e  sample r ,  were  composited by p l o t s  s o  t h a t  a s i n g l e  compos i te  

s o i l  sample was ana lyzed  f o r  each p l o t  a t  each  s i t e  and d a t e .  

I n  1979,  1 5  d i s c s  o f  Whatman number 1 f i l t e r  paper  (12.5 cm d i a m e t e r )  

were  p l a c e d  i n  each 0.4-ha p l o t  immediate ly  b e f o r e  a p p l i c a t i o n  o f  a l a c h l o r ,  

The paper  d i s c s  were  recovered  immediate ly  a f t e r  a p p l i c a t i o n ,  p l a c e d  in 

s m a l l  g l a s s  j a r s ,  r e f r i g e r a t e d ,  and t r a n s p o r t e d  t o  t h e  l a b o r a t o r y  f o r  

a n a l y s i s .  

Water Sampling 

Runoff samples were  c o l l e c t e d  d u r i n g  and a f t e r  two r a i n f a l l  evenzs  

a t  b o t h  s i t e s  i n  1977. In  1978 and 1979,  r u n o f f  samples  were  t a k e n  

d u r i n g  and a f t e r  f o u r  o r  f i v e  r a i n f a l l  e v e n t s  a t  each  s i t e .  T i m e s  s f  

sampl ing and f l o w  c o n d i t i o n s  th rough  t h e  w e i r s  a r e  recorded  i n  t h e  t a b l e s ,  

A l a c h l o r  r e s i d u e s  were  s e p a r a t e d  from d r a i n a g e  w a t e r  samples  i n  the  
2  / f i e l d  by t h e  u s e  of XBD-2- m a c r o r e t i c u l a r  r e s i n  i n  o r d e r  t o  f a c i l i t a t e  

s t o r a g e  and t r a n s f e r  t o  t h e  Labora to ry  (Schnare  e t  a l .  1979) .  O n e - l i t e r  

g r a b  samples t a k e n  from t h e  w e i r s  and o c c a s i o n a l  composit.e samples from 

t h e  a u t o m a t i c  sample rs  were  each  passed  th rough  tubes  e o n t a f n i n g  3 t o  5 g 

of  r e s i n .  The t u b e s  were  p l a c e d  i n  p o l y e t h y l e n e  bags  and k e p t  on i c e  

u n t i l  a r r i v a l  a t  t h e  l a b o r a t o r y ,  where t h e y  were  s t o r e d  a t  -18 t o  -20 C 

u n t i l  a n a l y s i s ,  

S o i l  A n a l y s i s  f o r  A l a c h l o r  i n  I977 - 
The methods of a n a l y s i s  employed i n  t h i s  s t u d y  were  e x t e n k i s n s  of 

p r e v i o u s  work conducted by Hunt (1979), 

/Amber l i t e  XAD-2, a n o n i o n i c  polymeric  a d s o r b e n t ,  M a l l i n c k r o d t  , Inc. 



In the laboratory, soil samples were thawed, air-dried, thoroughly 

mixed, and passed through a 4.75-mm sieve. In 1977 the analytical method 

consisted of shaking 25 g of soil four times for 15 min with n-hexane on - 
a mechanical shaker, The extracts were then combined and concentrated in 

a rotary-vacuum evaporator. The concentrated extracts were analyzed by 

gas chromatography on a Micro-Tek 220 instrument equipped with an electron- 

capture (63~i) detector. The step-wise procedure used for determining 

alachlor in the organic soils was as follows: 

Extraction: 

Place 25 g of soil in a 475-m1 glass jar. Add 100 ml of n-hexane to - 
the sample in the jar and secure the lid. (A polyethylene liner was 

placed under the lid). 

With mechanical shaker, extract for 15 min. 

Allow a few minutes for settling; then decant the n-hexane into a - 
1-liter evaporating flask, filtering through anhydrous sodium sulfate. 

Repeat the extraction with three 50-ml portions - n-hexane, adding the 
n-hexane extracts to the evaporating flask. - 
Using a rotary evaporator, evaporate solvent to dryness. 

Dissolve and adjust the volume with - n-hexane for gas chromatographic 

analysfs. When soil is very wet, ethyl acetate should be substituted 

for - n-hexane in the extraction procedure. 

C heanup : 

Cleanup of - n-hexane extracts was unnecessary. Cleanup of ethyl 

acetate extracts was accomplished on a Florisil column as follows: 

1. Evaporate the ethyl acetate extract to dryness on a rotary flash 

evaporator, 

2, Dissolve the residues in 10 ml of - n-hexane. 

3, Prepare a 2 by 20-cm column as follows: 

(a) Reduce activity of Florisil by addition of water (2% wfw) to 

Florisil activated for 24 hr at 140 C. 

(b) Plug the column with glass wool, 

(c) Add 2 cm of anhydrous sodium sulfate to column. 

(d) Add 5 cm of deactivated Florisil to column. 

(e) Add 2 cm of anhydrous~sodium sulfate to column. 

( f )  Wet co1umn with - n-hexane 

4 .  Add the PO m1 of - n-hexane extract onto the column. 



5. Wash the flask twice with 10 ml of hexane, and add each wash to 

column. 

6.  Add PO0 ml of 6% d~ethyP ether-petrolelm ether (addition of 108 ml 

of 15% diethyl ether-petroleum ether is sometimes necessary), 

7. Discard the washes. 

8. Add 900 mH of 9si perroleurn ether:acetune to rhe colunn and save 

the eluate. 

9. Reduce the eluate volume to 10 mT on water bath for gas rhromato- 

Detection: 

1. Instrument: Micro-Tek 220 gas chromatograph 
6 3 

2. Detector: Electron capture ( Ni) 

3. Column: 183 by 6.64-cm glass; 4% SE-30 9 6% QF-1 on Gas Chrom Q 

(60180 mesh) 

4. Operating parameters: 

Injection pors temperature 205 C 

Column temperature 195 C 

Detector terfiperature 265 C 

Nitrogen flow rate 100 ml/min 

Nitrogen purge 

Attenuation 

Chart speed 4.3 cmlmin 

Retention time @ 4 min 

Soil Analysis for Alachlor in 1978 and 1979 

In 1978 and 1979 the analytical method was modiffed to improve the 

extraction efficiency, Extraction studies showed that ethyl acetate was 

more efficient than - n-hexane for extracting alachlor from the organic 

soil. The recovery was further improved by SoxhPet extraction. There- 

fore, the extraction procedure was changed to an ethyl acetate SoxhPet 

extraction, using 25 g of soil. The ethyl acetate extracts were csncen- 

trated on a rotary evaporator. Low residue samples required cleanup on 

a FPorisil column. The extracts were analyzed by gas chromatography 

using a Micro-Tek 220 instrument equipped with an electron-capture ( 6 3 ~ - 1 )  

detector. The step-wise procedure for determfning alachlor in the srgan- 

ic soils was as fallows: 



Extraction: 

1. Weigh 25 g of soil into a Soxhlet thimble (33 mm id by 80 mm length); 

place a piece of glass wool on the top of the soil. 

2, Add 200 mP of ethyl acetate and 5 or 6 boiling chips to a 500-ml 

flat boctom flask. 

3 ,  Place the extraction thimble in a Soxhlet extractor and attach the 

extractor to the flask, 

4 ,  Bring the ethyl acetate to a boil and let the extraction continue 

f o r  5 hr, 

5. Allow the extract to cool; then rinse the thimble with 25 ml of 

ethyl acetate. 

Cleanup : 

Samples with high residues did not require cleanup on a column. 

These samples were concentrated, using a rotary evaporator (40 C), to 

approximately 2 ml and were then transferred to concentration tubes 

using - n-hexane, The extract and n-hexane rinses were passed through a - 
small pad sf sodium sulfate as they were being transferred to the con- 

centration tubes. 

Low residue samples were processed as follows: 

1. Evaporate each sample just to dryness. Care should be taken not to 

go beyond dryness; otherwise, the samples will not redissolve in 

n-hexane (step 2 immediately below) . - 

2. Redissolve residue in 50 ml of n-hexane. - 

3. Prepare a 2 by 200-cm column as follows: 

(a) Reduce activity of Florisil by addition of water (2% w/w) to 

Pkorisil activated for 24 hr at 140 C. 

(b) Plug column with glass wool. 

(c) Add 2 cm of anhydrous sodium sulfate to the column. 

(d)  Add 5 cm of deactivated PPorisil to column. 

(e) Add 2 cm of anhydrous sodium sulfate to column. 

(f) Place a glass wool plug at the top of the column. 

(g) Wet the column using 50 ml of - n-hexane. 

4. Add the 50 ml of n-hexane extract onto the column. - 

5,  Discard  he n-hexane eluate. 

6. After the - n-hexane eluant has entered the column, add 150 ml of 6% 

anhydrous ethyl ether in petroleum ether. Discard this eluate. 



7. Add 150 ml of 15% anhydrous ethyl ether in petroleum ether and save 

the eluate. 

8. Concentrate the ethyl ether:petroleum ether (P5:85) eluate on a 

rotary evaporator (40 C) to 2 to 3 ml, and transfer it to eoncentra- 

tion tubes ushg n-hexane. - 

9.  Adjust the volume for gas chromatography. 

Detection: 

1. Instrument: Micro-Tek 220 gas chromatograph 

2. Detector: Electron capture (63~i) 

3. Column: 122 by 0,64-cm glass; 4% SE-30 8 6% QP-1 on Gas Chrom Q 

(60180 mesh) 

4. Operating parameters: 

Injection port temperature 210 C 

Column temperature 180 C 

Detector temperature 300 C 

Nitrogen flow rate 100 ml/min 

Nitrogen purge 15 ml/min 
2 2 

Attenuation 10 x 8, 10 x 16 

Chart speed I cm/min 

Water Analysis for Alachlor 

Tubes of W - 2  resin containing alachlor residues were thawed, and 

the resin in each tube was transferred to a glass chromatographic column, 

Alachlor was eluted from the resin with ethyl acetate. The eluate was 

evaporated just to dryness on a rotary-vacuum evaporator, and the residue 

was dissolved in n-hexane. Analysis was performed on the - n-'nexane solta- 

tion with the same fnstrument used for the soil analyses. 

Cleanup of XAD-2 Resin: 

1. Fill a Soxhlet thimble (33 mm id by 80 mm length) with XAD-2 resin 

(Amberlite nonionic polymeric adsorbent), and place a piece of glass 

wool on top. 

2. Add 250 ml of methanol and 5 to 6 bofling chips to a 500-rnl flat 

bottom flask, 

3. Place the thimble in a Soxhlet extractor and attach to the flask. 

4 .  Bring the methanol co a boil, and let the extraction continue for 

8 hr. 



5. Allow t h e  methanol t o  cool  and d i sca rd  i t ,  and r e p l a c e  i t  wi th  250 m l  

of a c e t o n i t r f l e ;  exe rac t  f o r  8 h r .  

6 ,  Drain t h e  excess  a c e t o n i t r i l e  from thimble and pour t h e  XAD-2 r e s i n  

i n  a  beaker .  

7, Add 250 m l  of d i e t h y l  e t h e r  t o  beaker and s t i r  f o r  1 h r  (with a  

magnetic s t i r r e r ) ,  

8. Repeat Step 7 two more t h e s e  

9, Drain t h e  d f e t h y l  e t h e r  from r e s i n .  

10 ,  Rinse t h e  XAD-2 r e s i n  wi th  250 m l  of methanol.  

11. Repeat Step 9  u n t i l  a l l  t r a c e s  of e t h y l  e t h e r  a r e  removed ( u s u a l l y  

4 t o  5  r i n s e s ) ,  

12.  S to re  XAD-2 r e s i n  i n  methanol,  

P repa ra t ion  s f  XAD-2 Resin Tubes: 

I n  1977 and 1978 t h e  procedure f o r  prepar ing  t h e  XBD-2 r e s i n  tubes  

t h e  f i e l d  was a s  fo l lows:  

Stopper one end of a  PO by 0-5-em gas dry ing  tube  wi th  g l a s s  wool. 

Add a  methanol s l u r r y  con ta in ing  3  t o  4 g of XAD-2 r e s i n  t o  t h e  

tube ,  Stopper t h e  o t h e r  end wi th  g l a s s  wool and f i t  t h e  n i p p l e  ends 

t o  t h e  tube ,  

C o n ~ e c t  t h e  tube  con ta in ing  r e s i n  t o  a  sampling j a r  (a  1 - l i t e r  g l a s s  

j a r  w i th  a  dra inage  p o r t  i n  t h e  c e n t e r  of t h e  bottom) us ing  a  5-cm 

l e n g t h  of Tygon tub ing ,  To t h e  o t h e r  end of t h e  tube ,  a t t a c h  

another  p i ece  of tub ing  and a t t a c h  a  screw-type pinch clamp t o  t h i s  

p i ece  of tub ing .  

Pass  two 150-ml po r t ions  of d i s t i l l e d  water  through t h e  tube.  

I n  1979 t h e  XAD-2 r e s i n  tubes  were prepared i n  t h e  l a b o r a t o r y  a s  

fo l lows  : 

Stopper one end of a  10 by 0.5-cm gas dry ing  tube  wi th  g l a s s  wool. 

Add t h e  methanol s l u r r y  of XAD-2 r e s i n  t o  a  he igh t  of 3.5 em. P l ace  

a  g l a s s  wool plug on top  and cap t h e  dry ing  tube.  

Connect t h e  dry ing  cube t o  a  500-ml sepa ra to ry  funnel  w i th  a  6 t o  

8-cm length of Tygon tub ing ,  Add 300 r n l  of d i s t i l l e d  water  t o  t h e  

sepa ra to ry  funne l ,  and l e t  i t  d r i p  through t h e  XBD-2 r e s i n .  

Sea l  each end of t h e  dry ing  tube  and s t o r e  i t  i n  f r e e z e r  u n t i l  

ready t o  use .  



Transfer of ALachEor from Water ~o Resin Tubes in the Field: 

1. Connect the tube containing resin to the sampling jar using a 5-cm 

length sf Tygon tubing. To the other end of the cube arzaeh anocher 

pfeee of tubing, and attach a screw-type pinch clamp to chis pie-e 

sf tubing. 

2. Add a 1-liter water sample to the sampling jar. Allow the water to 

pass through the XAD-2 resnn, Using the pinch clamp, i f rn l t  the rate 

of flow to Less than 50 nldnfn, 

3 ,  Rinse the sampling jar with 150 ml of distilled water, and pass the 

rinse through the tube, 

4 .  Remove the rube containing resin and pesticide, and place it in a 

plastic bag; freeze the sample until anakys2s. 

Extraction of Alachlor from XU-2 Resin: 

Transfer the resin using distilled water to a glass chromatographic 

column (1 crn diam id) fitted with a Teflon stopcock and plugged with 

glass wool, Place a glass wool plug at fhe top of the resin, 

Drain the water from ahe column, A small amount of pcessure is 

needed to remove the last traces of water, 

Add PO mB of ethyl acetate to che column, Using a small amount of 

pressure, allow about 5 mP of ethyl acetate and any remaining water 

to pass through the resin, Collect eluting water and ethyl acetate 

in a 125-m1 separatory funnel. In I948  and 1 9 9 9 ,  the amourrt o f  ethyl 

acetate used in th%s step was changed es 20 ml, 

Allow the remaining ethyl acetate to equiPibrata in the co8un;rz for 

30 to 45 m f n ,  

Drain the remain~ng ethyl acetate into the separatory funnel until 

it reaches the top of the resin, 

Add a 80-mP portion of e t h y l  aceta~e, drain about 5 m9 into the 

separatory funnel, and a1Low remainder to equilibrate for 30 t o  45 min, 

Drain the remaining ethyl acetate into the separatory funnel until 

it reaches the top sf the resin, 

Repeat Steps 6 and 7 above with another 10 ml of ethyl acetate. 

Shake the separatory funnel containing the combined ethyl acetate 

extracts and allow Payers t o  separate. Drain aqueous laper fnco 

another separatory funnel and reextract with 10  ml of ethyl acetace, 

Add this eehyl acemte wash to the ethyl acetate extract, 



10, Transfer the combined ethyl acetate extract to an evaporation flask, 

filtering through a pad of sodium sulfate. 

11, Concentrate to 3 to 5 ml using a rotary evaporator (40 C) and trans- 

fer to concentration tubes using n-hexane. - 
1 2 .  Ad~ust -wPume f o r  gas chromatography. 

Checks and Recoveries: 

1, Add 6 en of the XBD-2 resin, contained in a methanol slurry, to a 

glass chromatographic column (1 cm id) fitted wfth a Teflon stopcock 

and plugged with glass wool, Place a glass wool plug at the top of 

the resin, 

2. Allow methanol to drain from column. 

3. Add 300 m$ of distilled water to resin and let it drip through column. 

4, The check and recoveries are added to the column in 1 liter of 

distilled water. (The recoveries are obtained by fortifying dry 

flasks, Petting them air dry, and then redissolving the alachlor in 

1 liter volumes of dfstfl1ed water). 

5,  When drainage of the 1 liter from the column stops, a little pressure 

is used to remove any remainfng water. 

6 .  Continue as in Steps 3 through 12 under "ExtractSon of AlachPor from 

XBD-2 Resins' above. 

Detection: 

1. Instrument: Micro-Tek 220 gas chromatograph 

2 .  Detector: Electron capture (63~i) 

3. Column: 122 x 0-64-cm glass; 4% SE-30 9 6% QF-l on Gas Chrom Q 

(60180 mesh) 

4. Operating parameters: 

Injection port temperature 210 C 

Column temperature 

Detector temperature 

Nitrogen flow rate 

Nitrogen purge 

Attenuation 

Chart speed 



Filter Paper Analysis for Alachlor 

In the laboratory, the filter papers were thawed and subsampled. 

Representative subsamples were extracted twice in a Soxhlet extractor 

containing a 1:l mixture of methano1:ethyl acetate. The extracts were 

combined and diluted to volume, Gas chromarographic analysis was per- 

formed on the extracts with the same instrument used for che soil 

analyses. The step-wise procedure for filter papers was as follows: 

Extraction: 

Fifteen filter paper samples were collected from each plot. The 

filter papers were quartered, and one-fourth taken from each and 

combined (3.75 filter papers). The combined quarters were placed 

in a Soxhlet thimble (33 mm id by 8 m length). 

Add 250 ml 1:l methanol:ethyl acetate and some boiling chips to a 

500-ml flat-bottom flask, 

Place the thimble in a Soxhlet extractor, and attach the extractor 

to the flask. 

Bring the methanol:ethyl acetate (1:l) to a boil, and let the 

extraction continue for 2 hr. 

Allow the extract to cool and remove the flask. 

Reextract the filter papers for an additional 2 hr using another 

250 ml of 1:l (v/v) methanol:ethyl acetate, 

Allow the second extract to cool and then combine the two extracts. 

Dilute the combined extracts to an appropriate volume with 1:1 

methano1:ethyl acetate for gas chromatographic determination. 

Detection: 

1. Instrument: Micro-Tek 220 gas chromatograph 

2. Detector: Electron capture (63~i) 

3, Columns: 122 by 0.64-cm glass; 4% SE-30 + 6%BV-210on Gas Chron Q 
(60180 mesh) 

183 by 0.64-crn glass; 4% SE-30 + 6%OV-210011 Gas Chrom Q 
(80/100 mesh) 



4 ,  Operating parameters: 

122-cm 
column 

Injection port temperature 215 C 

Column temperature ' 190 C 

Detector temperature 285 C 

Nitrogen flow rake 100 mllmin 

Nitrogen purge 

Attenuation 

Chart speed 

183-cm 
column 

205 C 

365 C 

300 C 

100 mllmin 

15 mllmin 
2 LO x 16 

l cm/min 

Analytical Procedure for 2,4-D in Water 

Extracsion: 

Place 500 rnl of sample water in a 1-liter separatory funnel. 

Acidify to pH - < 2.0 (alkacid paper test) using concn H2S04 (about 

2 ml), 

Add 250 ml of ethyl ether to the flask. 

Stopper the flask and shake the contents for 1 min with frequent 

vmtf ng . 
A l l o w  layers to separate, and drain aqueous portion into a second 

separatory flask, 

Extract with PO0 ml of ethyl ether as in Steps 4 and 5. 

Extract with 100 ml of echy1 ether as in Steps 4 and 5 once more. 

Combine the ether extracts (a total of three extractions), and pass 

the combined extract through anhydrous sodium sulfate into 1-liter 

Kuderna Danish flask fitted with a 15-ml concentration tube. 

Reduce the volume on water bath. 

1, Blowthe 2,4-D extract in the concentration tubes to dryness (hot 

Hp bath ea 60 C). 
2. Add 0.5 m1 of BFg-butanol (14%) reagent to the tube. 

3, Rinse the sides of tube with 1-butanol (ca 1 to 2 ml). 

4 .  Place tribe on 50 to 60 C water bath under a gentle stream of air for 

about 90 mfn. 

5. When the volume is 0.5 ml, remove the tube and allow it to cool. 

6.  Transfer the residue to a 125-ml separatory funnel using 10 ml of 

n-hexane , - 



Add 0.5 ml of water saturated with NaCE and 15 ~ i z l  of water saturated 

with NaHC03 to rhe funnel, 

Shake gently with frequent venting for a total of about P min, 

Drain the aqueous layer into a second funnel, and extract the aqueous 

solution with another 10 mP of - n-hexane. 

Combine the - n-hexane extracts in an evaporating flask; wash the 

funnels with 5 minp of - n-hexane and add the washes to the flask, 

Reduce the volume as necessary for gas chromatography on a rotary 

evaporator at or below room temperature, 

Detection: 

1. Instrument: Micro-Tek 220 gas chromatograph 

2. Detector: Electron capture (63~i) 

3, Column: 183 by 0,64-cm glass; 4% SE-30 8 6% QF-L on Gas Chrom Q 

(60/80 mesh) 

4 .  Operating parameters: 

Injection port temperature 205 C 

Column temperature 195 C 

Detector oven temperature 265 C 

Nitrogen flow rate 110 ml/nin 

Nitrogen purge 15 ml/min 

Chart speed 1.3 cdmin 

Analysis of Water for Terbufos 

A modest amount of tfme was devoted to adapting a method for deter- 

mining residues sf terbufos in runoff. The approach involved use of the 

XAD-2 resin and direct injection of the ethyl acetate eluate from the 

resin columns into an electron-capture gas chromatograph, The terbufos 

and interferences did not separate, and this effort was discontinued. 



S o i l  P r o p e r t i e s  

The p r o c e s s e s  o f  l a n d  c l e a r i n g  and development are u s u a l l y  perform- 

ed w i t h  heavy machinery and t h e  a s s o c i a t e d  s c r a p i n g ,  shap ing  and g r a d i n g  

may cause  d r a m a t i c  changes i n  t h e  s o i l  p r o p e r t i e s ,  p a r t i c u l a r l y  n e a r  t h e  

s u r f a c e .  S o i l  p r o p e r t i e s  may c o n t i n u e  t o  b e  changed a s  t h e  s o i l s  a r e  

l imed ,  t i l l e d  and farmed o v e r  subsequen t  y e a r s .  I n  o r d e r  t o  de te rmine  

t h e  e f f e c t s  t h a t  a g r i c u l t u r a l  l a n d  development h a s  on t h e  hydro logy  of  

t h i s  a r e a ,  i t  i s  n e c e s s a r y  t o  c h a r a c t e r i z e  t h e  changes i n  s o i l  p r o p e r t i e s  

t h a t  r e s u l t  from such  development.  A s t u d y  o f  t h e  p h y s i c a l  p r o p e r t i e s  of 

t h e  o r g a n i c  s o i l s  was conducted by Badr (1978) and i s  d i s c u s s e d  i n  d e t a i l  

i n  h i s  M.S .  t h e s i s .  P r o p e r t i e s  of t h e  s o i l s  i n  t h e i r  n a t u r a l  s t a t e s  were 

determined f o r  each o f  t h e  p a i r e d  s i t e s  and compared w i t h  t h e  r e s u l t s  f o r  

t h e  r e s p e c t i v e  developed s i t e s .  S p e c i a l  a t t e n t i o n  was g iven  t o  h y d r a u l i c  

c o n d u c t i v i t y  and w a t e r  y i e l d  r e l a t i o n s h i p s ,  a s  i t  i s  t h e s e  p r o p e r t i e s  

t h a t  govern t h e  r a t e  t h a t  w a t e r  d r a i n s  from s o i l s  and t h e  amount t h a t  

w i l l  remain i n  t h e  p r o f i l e  a f t e r  d r a i n a g e .  

Undis turbed s o i l  samples  were o b t a i n e d  from each s i t e  u s i n g  a  c o r e  

method similar t o  t h a t  d e s c r i b e d  by Blake (1965).  S i z e  of t h e  c o r e s  was 

7 ,6  cm i n  d iamete r  and 7.6 cm i n  l e n g t h .  P r i o r  t o  sampl ing,  t h e  p r o f i l e s  

were  examined t o  i d e n t i f y  s o i l  l a y e r s  on each  s i t e ,  t h e n  samples were  

t a k e n  t o  r e p r e s e n t  e a c h  s o i l  l a y e r .  Samples were  c o l l e c t e d  from random 

l o c a t i o n s  on each  s i t e .  A l l  samples and measurements were  r e p l i c a t e d  a t  

l e a s t  3 t imes .  The samples  were  trimmed i n  t h e  f i e l d ,  p l a c e d  i n  waxed 

ca rdboard  boxes and s e a l e d  i n  p l a s t i c  bags  t o  p r e v e n t  d r y i n g .  They were 

trimmed a g a i n  i n  t h e  l a b  and s a t u r a t e d  b e f o r e  t h e  measurements. For  s o i l  

w a t e r  c h a r a c t e r i s t i c  measurements,  a  sys tem was set up t o  use  t h e  same 

s o i l  sample f o r  a l l  p r e s s u r e  s t e p s  by i n i t i a l l y  s a t u r a t i n g  t h e  sample and 

measur ing t h e  o u t f l o w  a f t e r  each  i n c r e a s e  i n  p r e s s u r e .  A i r  p r e s s u r e  was 

a p p l i e d  a t  n i n e  s t e p s  cor responding  t o  p r e s s u r e  heads  o f  0 ,  2 ,  1 0 ,  25, 50,  

75, 100,  150 ,  and 200 cm of w a t e r .  The w a t e r  c o n t e n t  f o r  a l l  p r e s s u r e  

s t e p s  i n  t h e  d r a i n a g e  branch was c a l c u l a t e d  on t h e  wet volume b a s i s  a s  

sugges ted  by B o e l t e r  (1972).  The w a t e r  c o n t e n t  a t  t h e  15 b a r  w i l t i n g  

p o i n t  was de te rmined  on s e p a r a t e  samples .  These samples were p l a c e d  on a 

p r e s s u r e  p l a t e ,  s a t u r a t e d  and t h e n  s u b j e c t e d  t o  a n  a i r  p r e s s u r e  of 1 5  b a r s  

f o r  48 h o u r s .  Then t h e  samples were d r i e d  and t h e  wa te r  c o n t e n t  c a l c u l a t -  

ed on a wet volume b a s i s .  



S a t u r a t e d  h y d r a u l i c  c o n d u c t i v i t y  was measured by m a i n t a i n i n g  a pond- 

ed s u r f a c e  o f  c o n s t a n t  d e p t h  on t h e  s u r f a c e  of t h e  ? , 5  cm c o r e s  and 

measur ing t h e  o u t f l o w  r a t e  a f t e r  c o n d i r i o n s  had been main ta ined  f o r  s i x  

h o u r s  o r  more. Then t h e  s a s u r a e e d  K v a l u e  was c a l c u l a t e d  d i r e c t l y  from 

D a r c y v s  Paw, Bulk d e n s i t y  and s h r i n k a g e  p e r c e n t  were de te rmined  by s a r e -  

f u l l y  trimming t h e  c o r e  samples ,  d r y i n g  and measur ing t h e  d r y  volume and 

weigh t  a c c o r d i n g  t o  t h e  methods d e s c r i b e d  by Blake  (1965) and Hol tz  (1975) .  

Organic  m a t t e r  c o n t e n t  was measured by e s t i m a r i n g  t h e  ca rbon  c o n t e n t  

i n  t h e  s o i l  samples u s i n g  t h e  i g n i t i o n  method d e s c r i b e d  by B a l l  (9964).  

Th i s  method i n v o l v e s  i g n i t i n g  t h e  samples i n  a  m u f f l e  oven a t  375°C f o r  

16 h o u r s ,  Organic  m a t t e r  concen t  was c a l c u l a t e d  a s  t h e  r a t i o  of t h e  d i f -  

f e r e n c e  between t h e  oven d r y  weight and weight  of t h e  r e s i d u e  a f t e r  i g n i -  

t i o n .  The r e l a t i o n s h i p s  between d r a i n a g e  volume o r  w a t e r  y i e l d  and w a t e r  

t a b l e  dep th  f o r  each p r o f i l e  were c a l c u l a t e d  f rom t h e  s o i l  w a t e r  c h a r a c t e r -  

i s t i c s  by methods d e s c r i b e d  by Skaggs e t  aP. (2.978). 

S o i l  Subsidence 

F i e l d  e l e v a t i o n  s u r v e y s  were conducted on each s i t e  t o  d e t e r m i n e  t h e  

e f f e c t  o f  l a n d  d r a i n a g e  and development on s u b s i d e n c e .  Surveys were con- 

duc ted  i n  1977 and a t  t h e  end of t h e  p r o j e c t  i n  1989; a d d i t i o n a l  s u r v e y s  

were conducted on some s i tes  i n  1976.  The bot tom of  t h e  f l a sh-board  r i s e r  

s t r u c t u r e  s e r v e d  a s  a bench mark f o r   he developed s i t e s .  For  t h e  m i n e r a l  

and s h a l l o w  o r g a n i c  s f t e s  (101 and 1861,  e l e v a t i o n s  were  determined a t  

approx imate ly  1 m i n t e r v a l s  f o r  r r a n s e c t s  e x t e n d i n g  from t h e  middle  s f  

t h e  f i e l d  on one s i d e  of t h e  d i t c h ,  a c r o s s  t h e  d i t c h  t o  t h e  middle  of t h e  

f i e l d  on t h e  o t h e r  s i d e .  E l e v a t i o n  measurements were  made on f i v e  cran-  

s e c t s  between a d j a c e n t  f i e l d  d i t c h e s  on t h e  deep o r g a n i c  s i t e  103. Th is  

p a s t u r e  s i t e  had a  g e n t l e  s l o p e  from t h e  middle  o f  f i e l d  t o  t h e  d i t c h e s  

and measurements were  made a t  16.7 m i n t e r v a l s  a c r o s s  each  t r a n s e c t .  A 

bencb ,mark  w a s  e s t a b l i s h e d  on each undeveloped s i t e  by d r i v i n g  a g a l v a n i z -  

ed  p i p e  w e l l  i n t o  t h e  m i n e r a l  l a y e r .  S t a k e s  were  p l a c e d  a t  5  t o  1 0  pos i -  

t i o n s  on a  t r a n s e c t  p e r p e n d i c u l a r  t o  t h e  d r a i n a g e  d i t c h e s ,  and on a n o t h e r  

t r a n s e c t  p a r a l l e l  t o  t h e  d i t c h ,  S u r f a c e  e l e v a t i o n s  n e x t  t o  t h e  s t a k e s  

were de te rmined  d u r i n g  each  s u r v e y .  

S o i l  s u b s i d e n c e  normal ly  r e f e r s  t o  s h e  l o w e r i n g  o f  t h e  s o i l  s u r f a c e  

e l e v a t i o n  due t o  o x i d a ~ i o n  of o r g a n i c  m a t t e r  o r  t h e  s h r i n k a g e  of s o i l s  

due t o  t h e  l o s s  o f  w a t e r .  However, t h e r e  a r e  a d d i t i o n a l  f a c t o r s  t h a t  



cause  t h e  r e d u c t i o n  of s u r f a c e  e l e v a t i o n s  d u r i n g  c l e a r i n g  and development 

of t h e s e  s o i l s .  Ducing development t h e  r o o r  m a t  i s  removed, b u r i e d  wood 

i s  e x t r a c t e d  and burned o r  o r h e r w i s e  d i s c a r d e d ,  t h e  s u r f a c e  s o i l  i s  some- 

what ccmpacted and e a r t h  i s  moved t o  shape  t h e  f i e l d s  f o r  s u r f a c e  d r a i n -  

a g e ,  EHevatksn s u r v e y s  were conducted on f i e l d s  n e a r  s i t e s  1 0 1  and 106 

t o  determj-ne t h e  e f f e c t  cf v a r i o u s  s e a g e s  o f  development on t h e  shape  and 

r e l a t i v e  roughness  of t h e  s u r f a c e  a n d  on t h e  s u r f a c e  e l e v a t i o n ,  It was 

n o t  p o s s i b l ; ?  ro make "before f '  and " a f t e r "  s u r v e y s  t o  de te rmine  t h e s e  

e f f e c t s  d i r e c t l y .  However, s u r v e y s  were  made on f i e l d s  i n  t h e  "rough 

c l e a r e d ' '  c o n d i t i o n  a f t e r  t r e e s  and o t h e r  v e g e t a t i o n  had been pushed i n t o  

a  windrow midway between f i e l d  d i t c h e s ;  on a d j a c e n t  f i e l d s  that: had been  

roo t - raked  and smoothed; and on f i e l d s  t h a t  had been shaped f o r  s u r f a c e  

d r a i n a g e  i n  t h e  " t u r t l e  back'? f a s h i o n  w i t h  s l o p e s  of approx imate ly  0 .5% 

t o  1% from t h e  midd le  of r h e  f i e l d  toward t h e  f i e l d  d i t c h e s .  Crops were  

p l a n t e d  a f t e r  t h e  l a t t e r  s t a g e .  Row c r o p s  were  p l a n t e d  on beds  - one row 

p e r  bed - c o n s t r u c t e d  p a r a l l e l  t o  t h e  f i e l d  d i t c h e s  and a b o u t  0 .3  t o  0.45 

m h i g h .  A l l  e l e v a t i o n s  i n  p l a n t e d  f i e l d s  were  t a k e n  a t  t h e  bot tom of t h e  

furrow between rows. 

Timber f rom t h e  undeveloped s i t e  102 was h a r v e s t e d  i n  t h e  w i n t e r  of 

1939-80 a f t e r  f l e E d  o b s e r v a t i o n s  i n  t h i s  s t u d y  were complete .  E l e v a t i o n  

s u r v e y s  on t h e  s i t e  i n  t h e  "rough c l e a r e d "  c o n d i t i o n  were conducted i n  

3980 and compared t o  c o n d i r i o n s  p r i o r  t o  h a r v e s t i n g  of t h e  s i te .  

Hydro log ic  Analyses  t o  C o r r e c t  f o r  Submerged Weirs 

Outflow r a t e s  from each s i t e  were determined by measur ing t h e  s t a g e  

ups t ream from t r i a n g u l a r  w e i r s  as d i s c u s s e d  p r e v i o u s l y .  These methods 

worked s a t i s f a c t o r i l y  when t h e  o u t l e t  c a n a l  had s u f f i c i e n t  c a p a c i t y  t o  

remove t h e  w a t e r  from t h e  a r e a  w i t h o u t  a n  e x c e s s i v e  r i s e  i n  t h e  c a n a l  

w a t e r  l e v e l .  However t h e  o u t l e t  w a t e r  l e v e l  d i d  r i s e ,  d u r i n g  several 

ex tended  wec p e r i o d s  and l a r g e  r a i n f a l l  e v e n t s ,  t o  a  l e v e l  t h a t  subrnerg- 

ed t h e  w e i r s  and i n v a l i d a r e d  t h e  p rocedures  used cc measure ou t f low.  

These c o n d i t i o n s  o c c u r r e d  on si tes 106 and 101  more f r e q u e n t l y  t h a n  

o t h e r s  b u t  a f f e c t e d  a l l  s i t e s .  

A computer s i m u l a t i o n  d r a i n a g e  model developed f o r  s h a l l o w  w a t e r  

t a b l e  s o i l s  was used t o  e s t i m a t e  o u t f l o w  volumes f o r  t h e  p e r i o d  of sub- 

mergence. The model, DRAINMOD (Skaggs,  19781, u s e s  measured c l i m a t o l o -  

g i c a l  and s o i l  p r o p e r t y  d a t a  t o  p r e d i c t  w a t e r  t a b l e  e l e v a t i o n ,  s u r f a c e  



and s u b s u r f a c e  r u n o f f .  I n  t h i s  a p p l i c a t i o n ,  i n p u t  d a t a  f o r  d r a i n a g e  sys -  

t e m  pa ramete rs  and measured s o i l  p r o p e r t i e s  were  compiled f o r  each s i te .  

Then t h e  model was used w i t h  measured r a i n f a l l  d a t a  t o  p r e d i c t  ou t f lows  

f o r  a submergence-free c a l i b r a t i o n  p e r i o d  of a t  l e a s t  s i x  months. Pre- 

d i c t e d  o u t f l o w s  were  compared t o  t h e  observed and,  when n e c e s s a r y ,  

a d j u s t m e n t s  were  made i n  t h e  model p a r a m e t e r s  t o  f i t  t h e  measured ou t -  

f lows .  An example o f  p r e d i c t e d  and measured cumula t ive  r u n o f f  f a r  t h e  

c a l i b r a t i o n  p e r i o d  i s  g i v e n  i n  F i g u r e  4. Observed and p r e d i c t e d  w a t e r  

t a b l e s  were a l s o  compared f o r  t h e  c a l i b r a t i o n  p e r i o d .  

S imula t ions  were conducted f o r  p e r i o d s  of w e i r  submergence. Water 

t a b l e  r e c o r d s  were normal ly  v a l i d  f o r  t h a t  p e r i o d  s o  p r e d i c t e d  and measur- 

ed w a t e r  t a b l e  e l e v a t i o n s  were  compared and a d d i t i o n a l  a d j u s t m e n t s  made 

when n e c e s s a r y .  The t o t a l  p r e d i c t e d  o u t f l o w  f o r  t h e  s t o r m  c a u s i n g  sub- 

mergence was assumed t o  be c o r r e c t .  Measured r u n o f f  f o r  t h e  s t o r m  p r i o r  

t o  submergence was s u b t r a c t e d  from t h e  t o t a l  p r e d i c t e d  and t h e  remainder  

was s u b s t i t u t e d  f o r  t h e  submerged p e r i o d .  An example of p r e d i c t e d  and 

observed w a t e r  t a b l e  e l e v a t i o n s  is  g i v e n  i n  F i g u r e  5. 







RESULTS AND DISCUSSLON 

Hydrology 

The most d ramat ic  e f f e c t  of a g r i c u l t u r a l  l and  development on 

hydrology i s  t h e  i n c r e a s e  i n  peak runoff  r a t e s  from f i e l d  s i z e  u n i t s .  

Examples of  t h e  e f f e c t s  of development on out f low r a t e s  from pa i r ed  s i t e s  

on t h e  mine ra l ,  sha l low o r g a n i c  and deep o r g a n i c  s o i l s  a r e  given i n  

F igu re s  6 ,  7 and 8 ,  r e s p e c t i v e l y .  Examples were chosen t h a t  had equa l  

r a i n f a l l  and s i g n i f i c a n t  runof f  from both developed and undeveloped 

s i tes .  It should be  noted t h a t  t h e  f low measurements inc luded  both su r -  

f a c e  runoff  and subsu r f ace  d ra inage  t o  t h e  o u t l e t  d i t c h  o r  cana l .  Th i s  

q u a n t i t y  i s  r e f e r r e d  t o  h e r e i n  a s  r u n o f f ,  bu t  is understood t o  i n c l u d e  

t h e  t o t a l  ou t f low from t h e  s i t e .  

I n  g e n e r a l ,  peak out f low rates were t h r e e  t o  f o u r  t imes h i g h e r  f o r  

t h e  developed sites than  f o r  t h e  undeveloped on a l l  s o i l  t ypes .  For 

example , ' the  peak runof f  r a t e  f o r  t h e  62 mm s torm on day 213 (Aug. 1, 

1978)  was 11 .6  L / sec  f o r  t h e  developed s i t e  (101) ve r sus  3.0 L/sec f o r  

t h e  undeveloped s i t e  (F igure  6 a ) .  The d i f f e r e n c e s  f o r  sma l l e r  r a i n f a l l  

e v e n t s  may n o t  be  a s  l a r g e ,  a s  shown by t h e  r e s u l t s  f o r  s torms on J u l y  

21  and 25 (days 203 and 206) i n  F igure  Ga. Peak runof f  r a t e s  from 

developed and undeveloped s i t e s  were compared f o r  s torms occu r r ing  

throughout  t h e  s tudy .  The r e s u l t s  f o r  s e l e c t e d  runoff  even t s  a r e  sum- 

marized i n  Table  4. Events  were s e l e c t e d  t h a t  produced a  runof f  hydro- 

graph on bo th  t h e  developed and undeveloped s i t e s ;  t h a t  were t h e  r e s u l t  

o f  a t  l e a s t  15  mm of r a i n f a l l ;  and t h a t  d i d  n o t  involve  pe r iods  of w e i r  

submergence. Fewer e v e n t s  a r e  g iven  f o r  t h e  deep o r g a n i c  s i t e s  (103 and 

104) t han  f o r  t h e  o t h e r  s o i l s  because of f r e q u e n t  d i f f e r e n c e s  i n  r a i n f a l l  

on t h e  si tes which were 8 km a p a r t .  Ra t io s  between peak runoff  r a t e s  from 

developed and undeveloped sites ranged from 1 t o  5.7 w i th  t h e  h i g h e s t  

v a l u e s  o c c u r r i n g  f o r  t h e  minera l  and sha l low o rgan ic  s o i l s ,  The means of 

t h e  r a t i o s  were 3.0,  2 .7 ,  and 3.0 f o r  t h e  mine ra l ,  shal low o rgan ic  and 

deep o r g a n i c  s o i l s ,  r e s p e c t i v e l y .  

In a d d i t i o n  t o  h i g h e r  r a t e s ,  t h e  peak runof f  va lues  u s u a l l y  occur red  

sooner  on t h e  developed t h a n  on t h e  undeveloped s i t e s  (F igures  6  - 8) .  

The t i m e  advance of t h e  peak depends on c h a r a c t e r i s t i c s  of t h e  r a i n f a l l  

e v e n t ,  i t s  d i r e c t i o n  of t r a v e l ,  e t c . ,  a s  w e l l  a s  t h e  c h a r a c t e r i s t i c s  s f  

t h e  s i t e .  T y p i c a l l y ,  t h e  peak was advanced by 24 hours  on t h e  130 ha 
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Figure 7. Runoff hydrographs for developed and undeveloped 
shallow organic sites. 





T a b l e  4 .  Peak o u t f l o w  r a t e s  f o r  s e l e c t e d  r u n o f f  e v e n t s  f rom developed 
and undeveloped s i t e s .  

Date R a i n f a l l  Peak Outflow Rate (L,/s) R a t i o  
( c d  Developed Undeveloped 

M i n e r a l  S o i l  

S i t e  1 0 1  - 

Sha l low Organ ic  S o i l  

S i t e  106 - 1 0  7 - 



Table 4. (Continued) 

Date R a i n f a l l  Peak Outflow Rate ( ~ 1 s )  Rat io  
(em> Developed Undeveloped 

1979 S i t e  - 106 - 107 

Deep Organic S o i l  

S i t e  103 - 

developed deep organic  s i t e  (F igure  8) bu t  by only 6 t o  8 hours  f o r  t h e  

sma l l e r  (7.4 ha)  minera l  and skalbow organic s i t e s  (F igures  6 and:7) .  

It i s  n o t  s u r p r i s i n g  t h a t  t h e  peak outf low r a t e s  a r e  h ighe r  and 

occur e a r l i e r  on t h e  developed s i t e s  a s  t h e  dra inage  system i n s t a l l e d  i n  

t hese  a r e a s  provides mostly s u r f a c e  dra inage .  The f i e l d s  a r e  s loped t o  

d i t c h e s  l oca t ed  90 t o  EOO m a p a r t  s o  water  t h a t  i s  not  i n f i l t r a t e d  moves 

r a p i d l y  t o  t h e  dra inage  o u t l e t .  The s o i l s  a r e  poor ly  dra ined  i n t e r n a l l y  

wifh shal low water  t a b l e s ;  although t h e r e  a r e  excep t ions ,  runoff  does n o t  

uqqal ly  occur u n t i l  t h e  water  t a b l e  r i s e s  t o  near  t h e  s u r f a c e ,  On the 

undeveloped s i t e s ,  t h e r e  i s  a  t h i c k  r o o t  mat (PO t o  45 cm deep composed 

of l eaves ,  twigs and both l i v i n g  and dead p l a n t  r o o t s )  through which sur -  

f a c e  waters  flow i n  to r tuous  pa ths  be fo re  f i n a l l y  reaching  t h e  dra inage  

o u t l e t .  Unlike convent ional  subsur face  flow i n  s o i l s ,  flow wi th in  the  

r o o t  m a t  may be concent ra ted ,  e n t e r i n g  t h e  o u t l e t  channel  a t  many d i s -  

t i n c t  p o i n t s  a long i t s  l eng th .  A s  water  i s  removed from t h e  r o o t  mat and 

t h e  f r e e  s u r f a c e  approaches t h e  i n t e r f a c e  wi th  t h e  s o i l  mass, t h e  flow 

process  i s  assumed t o  gradual ly  change t o  t h a t  which i s  governed by Dzrcy7s 



law f o r  f low i n  porous media, Subsurface f l o w  may cont inue  f o r  long 

p e r i o d s  a s  shown by t h e  r eces s ion  limb of the  hydrographs i n  Figure 8. 

However, t h i s  flow i s  de r ived  mostly from bank s t o r a g e  nea r  t he  open 

d i t c h e s .  Even on developed lands  where t h e  d i t c h e s  a r e  90 t o  100 m 

a p a r t ,  subsu r face  dra inage  i s  very  slow. 

It should be obvious t h a t  t h e  observed i n c r e a s e  i n  outf low r a t e s  

f o r  developed s i t e s  i s  only v a l i d  f o r  s i t u a t i o n s  i n  which t h e  o u t l e t  

c a n a l  network, i n c l u d i n g  pumping p l a n t s  i n  some cases ,  has  s u f f i c i e n t  

c a p a c i t y  t o  move t h e  dra inage  water  away from t h e  f i e l d s .  Although t h e  

c a n a l s  s e r v i n g  t h e s e  s i t e s  d i d  n o t  always have s u f f i c i e n t  c a p a c i t y  t o  

prevent  submergence of t h e  we i r ,  t h e  a n a l y s i s  on peak runoff  r a t e s  was 

conducted only f o r  pe r iods  when t h e  o u t l e t  was f r e e  and submergence d i d  

n o t  occur ,  O u t l e t  c a p a c i t y  from t h e  exper imenta l  s i t e s  was l i m i t e d  

d u r i n g  extended w e t  pe r iods  o r  p e r i o d s  of h igh  r a i n f a l l .  Th i s  was 

e s p e c i a l d y  a  problem dur ing  t h e  w i n t e r  an.d e a r l y  s p r i n g  months. The 

r e s u l t s  show t h a t  approximately 50 pe rcen t  of t h e  t o t a l  annual  runoff  

occu r s  du r ing  t h e  months of December through March. 

The e f f e c t  of 11.9 cm of r a i n f a l l  on Nov. 4 - 6,  1977 i s  shown i n  

F i g u r e  9. The e l e v a t i o n  of t h e  water  l e v e l  i n  t h e  f i e l d  d i t c h  a t  s i t e  

106 i s  p l o t t e d  i n  F igu re  10 f o r  t h e  f looded pe r iod .  The event  fol lowed 

8 .5  cm of r a i n  on Oct.  26-28 and r e s u l t e d  i n  f l ood ing  of t h e  o u t l e t  

c a n a l s  f o r  about  8  days.  During t h a t  pe r iod  t h e  water  l e v e l  was about  

t h e  same i n  t h e  o u t l e t  c a n a l s  a s  i n  t h e  f i e l d  d i t c h e s  and even t h e  

f i e l d s  themselves.  C l e a r l y ,  t h e  m a i n  d r a inage  c a n a l  system, as p re sen t -  

l y  des igned ,  does n o t  have s u f f i c i e n t  c a p a c i t y  t o  remove water  a t  t h e  

r a t e  t h a t  i t  could  f low from developed l ands  du r ing  t h e  l a r g e r  runoff  

e v e n t s .  A s  a r e s u l t  t h e  water  l e v e l s  i n  t h e  c a n a l s  and f i e l d  d i t c h e s  

r i s e  and d ra inage  r a t e s  from bo th  developed and undeveloped l ands  a r e  

reduced. Under t h e s e  c i rcumstances ,  t h e r e  w i l l  be very  l i t t l e  d i f f e r -  

ence  i x r  t h e  r a t e  of runoff  from developed and n a t u r a l  a r e a s  dur ing  extend- 

ed p e r i o d s  of h igh  runoff  when much of t h e  annua l  outf low may occur .  

Cumulative runoff  and r a i n f a l l  depths  f o r  1977 and 1978 a r e  p l o t t e d  

i n  F igu res  11 and 12  f o r  t h e  mine ra l  s o i l ;  13  and 14 f o r  t h e  sha l low 

o r g a n i c s ;  and 15  and 16  f o r  t h e  deep o rgan ic .  Monthly runoff  and r a i n -  

f a l l  v a l u e s  a r e  t a b u l a t e d  f o r  a l l  s i t e s  f o r  t h e  d u r a t i o n  of t h e  s t u d y  i n  

Appendix Table B. While t h e r e  were r e l a t i v e l y  l a r g e  d i f f e r e n c e s  between 

peak runoff  r a t e s ,  t h e r e  was no t  much d i f f e r e n c e  i n  emulative out f low 



F i g u r e  9 .  The o u t l e t  c a n a l  a t  t h e  d e v e l o p e d ,  s h a l l o w  o r g a n i c  s i t e  
(106) d i d  n o t  h a v e  s u f f i c i e n t  c a p a c i t y  t o  remove L l , 9  cm 
o f  r a i n f a l . 1  i n  November 1 9 7 7 .  The e v e n t  was p r e c e e d e d  by 
heavy r a i n f a l l  i n  l a t e  Oc tobe r  (uppe r  p h o t o g r a p h ) .  The - - 

l ower  p h o t o g r a p h  shows s i m i l a r  f l o o d i n g  i n  t h e  s p r i n g  o f  
1979.  
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Figure  11 ,  Cumulative runoff  and r a i n f a l l  f o r  developed and 
undeveloped s i t e s  of t h e  minera l  s o i l  dur ing  1977.  
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Figure 12. Cumulative runoff and rainfall for developed and 
undeveloped sites of the mineral soil during 1978. 
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Figure  13. Cumulative runof f  and r a i n f a l l  f o r  developed and 
undeveloped si tes of t h e  shal low o r g a n i c  b o i l  du r ing  
1977. - 
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Figure 14, Cumulative runoff and rainfall for developed and 
undeveloped sites of the shallow organic soil 
during 1978. 
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Figure  15. Cumulative runoff  and r a i n f a l l  f o r  developed and 
undeveloped s i t e s  of t h e  deep o rgan ic  s o i l  dur ing  
1977 .  
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Figure 16. Cumulative runoff and rainfall for developed and 
undeveloped sites of the deep organic soil during 
1978. 



from developed and undeveloped s i t e s  as shown i n  F i g u r e s  12 th rough  16.  

The developed s i t e  f o r  t h e  m i n e r a l  s o i l  ( s i t e  101)  was c l e a r e d  and 

developed i n  June ,  1977, s o  t h e  r u n o f f  c u r v e  i n  F i g u r e  11 r e p r e s e n t s  

undeveloped c o n d i t i o n s  f o r  t h e  f i r s t  s i x  months and developed c o n d i t i o n s  

f o r  t h e  rest of t h e  y e a r .  The r u n o f f  e v e n t s  i n  t h e  l a t t e r  h a l f  of t h e  

y e a r  a r e  more a b r u p t ,  i n d i c a t i n g  h i g h e r  r u n o f f  r a t e s ,  t h a n  d u r i n g  the  

f i r s t  p a r t  of t h e  y e a r  when t h e  s i t e  was undeveloped and r u n o f f  charac-  

t e r i s t i c s  of t h e  two si tes were similar.  

T o t a l  a n n u a l  r u n o f f  from t h e  developed s i t e  of t h e  m i n e r a l  s o i l  was 

s l i g h t l y  h i g h e r  t h a n  f rom t h e  undeveloped f o r  b o t h  1977 and 1978 ( F i g u r e s  

11 and 1 2 ) .  The d i f f e r e n c e  was g r e a t e r  f o r  t h e  s h a l l o w  o r g a n i c  s o i l  i n  

1977 ( F i g u r e  l l ) ,  b u t ,  i n  1978, t h e  undeveloped s h a l l o w  o r g a n i c  s i t e  had 

s l i g h t l y  more r u n o f f  t h a n  t h e  developed ( F i g u r e  1 4 ) .  The l a r g e s t  d i f -  

f e r e n c e  i n  r u n o f f  between developed and undeveloped si tes o c c u r r e d  i n  

1978 f o r  t h e  deep o r g a n i c  s o i l s .  I n  t h i s  c a s e  t h e  n a t u r a l  s i t e  had 28 cm 

more runof f  t h a n  t h e  developed s i t e  ( F i g u r e  1 6 ) .  The n a t u r a l  s i t e  a l s o  

had more runof f  i n  1977 ( F i g u r e  1 5 ) ,  a l t h o u g h  t h e  d i f f e r e n c e  was much 

s m a l l e r  (7 .5  cm) t h a n  i n  1978. The d i f f e r e n c e  i n  t o t a l  runof f  in b o t h  

y e a r s  i s  a t t r i b u t e d  t o  d i f f e r e n c e s  i n  t h e  amount and t empora l  d i s t r i b u -  

t i o n  o f  r a i n f a l l .  Although t h e  s i t e s  were o n l y  3 km a p a r t ,  t h e r e  were 26 

cm and 40 cm more r a i n f a l l  on t h e  n a t u r a l  t h a n  on t h e  developed s i t e  i n  

1977 and 1978, r e s p e c t i v e l y .  

I n  a  c o n v e n t i o n a l  h y d r o l o g i c  a n a l y s i s ,  s u r f a c e  r u n o f f  i s  assumed t o  

b e g i n  when t h e  r a i n f a l l  r a t e  exceeds  t h e  i n f i l t r a t i o n  c a p a c i t y  o f  t h e  

s o i l  and s u r f a c e  d e p r e s s i o n a l  s t o r a g e  h a s  been f i l l e d .  A f r e q u e n t l y  c i t e d  

e f f e c t  of a g r i c u l t u r a l  development i s  t h a t  c u l t i v a t e d  s o i l s  a r e  exposed 

t o  t h e  impact  energy  of r a i n f a l l  which reduces  t h e  i n f i l t r a t i o n  c a p a c i t y  

and i n c r e a s e s  r u n o f f .  IIowever t h i s  e f f e c t  does  n o t  appear  t o  b e  impor- 

t a n t  f o r  t h e  o r g a n i c  and h i g h  o r g a n i c  m i n e r a l  s o i l s  of t h i s  s t u d y .  The 

o r g a n i c  s o i l  s u r f a c e  i s  l o o s e  and t h e  i n f i l t r a t i o n  c a p a c i t y  i s  u s u a l l y  

h i g h .  The s u r f a c e  i s  n o t  compacted by r a i n f a l l  t o  t h e  e x t e n t  t h a t  i t  i s  

i n  most m i n e r a l  s o i l s .  Fur thermore t h e  f i e l d s  are f l a t  and i t  t a k e s  a 

r e l a t i v e l y  l o n g  t i m e  f o r  w a t e r  t o  r u n  o f f  of t h e  f i e l d  s u r f a c e ,  which 

e x t e n d s  t h e  t i m e  a v a i l a b l e  f o r  i n f i l t r a t i o n .  I n  most c a s e s ,  i n f i l t r a t i o n  

c o n t i n u e s  u n t i l  t h e  w a t e r  t a b l e  r i s e s  t o  t h e  s u r f a c e  b e f o r e  s u r f a c e  run- 

o f f  starts. S u r f a c e  runof f  r a r e l y  o c c u r s  from developed si tes of t h e s e  





Table  5 .  Summary of r a f n f a l l ,  runof f  and ET f o r  developed (191 and 
undeveloped (132)) m i n e r a l  s o i l  s i t e s  d u r l n g  each y e a r  of 
t h e  ss.udy. 

Year R a i n f a l l  Runoff Change fn  p r o f i l e  ET 
s t o r a g e  

(4 ( 4  ( 4  (4 

1979 ( Jan .  1 t o  Aug. 1 )  
1 0 1  90.3 34.9 -3.5 
102 90.8 34.9 -0.9 

* 
S i t e  1 0 1  was c l e a r e d  and developed i n  June ,  1977,  s o  i t  was i n  t h e  natu-  
r a l  state f o r  abou t  one-half  y e a r  and developed s t a t e  f o r  one-half  y e a r .  

Table  6.  Summary of r a i n f a l l ,  r u n o f f  and ET f o r  developed (106) and un- 
developed (107) s h a l l o w  o r g a n i c  s i tes d u r i n g  each y e a r  of t h e  
s t u d y .  

Year R a i n f a l l  Runoff Change i n  p r o f i l e  ET 
s t o r a g e  

(cm> (em) (em> (cd 

1976 ( J u l y  1 t o  Dee. 31) 
10 6  63.6 28.3  
1 0  7  63.6 21.0 

1979 ( Jan .  1 t o  Aug. 31) 
106 79.8 38.5 
1 0  7  79.8 34.9 



Table 7. Summary of  r a i n f a l l ,  runoff and ET f o r  developed (103) and 
undeveloped (104) deep organic  s i t e s  dur ing  each yea r  of 
t h e  s tudy.  

Year R a i n f a l l  Runo f  f  Change i n  p r o f i l e  ET 
s t o r a g e  

(em) (em) (cm) (cm> 

1979 (Jan.  1 t o  Aug. 1 )  
10 3 62.8 28.7 -0.5 
104 72.2 38.0 -0.4 

r educ t ion  i n  ET from t h a t  which would occur on n a t u r a l  s i t e s ,  and a  

consequent i n c r e a s e  i n  outf low.  This  response would only occur dur ing  

yea r s  w i th  dry pe r iods  of s u f f i c i e n t  l eng th  t o  cause ET t o  be l i m i t e d  

by s o i l  water  d e f i c i e n c i e s .  This  w i l l  no t  u s u a l l y  occur  i n  t h e  win te r  

and e a r l y  s p r i n g  months when water  t a b l e s  a r e  h igh .  Even though t h e  

n a t u r a l  s i t e s  a r e  o f t e n  ba re  dur ing  those  months, t h e  PET i s  low and ET 

i s  usua l ly  l i m i t e d  by atmospheric  v a r i a b l e s .  However, such cond i t i ons  

may develop dur ing  t h e  e a r l y  p a r t  of t h e  growing season be fo re  t h e  root -  

i ng  system a r e  e s t a b l i s h e d ,  a s  w e l l  a s  a f t e r  prolonged drought pe r iods  

l a t e r  i n  t h e  season.  I f  t h e  drought cont inues  f o r  a  long enough per iod ,  

ET on t h e  n a t u r a l  s i t e  would a l s o  be l i m i t e d  by s o i l  water  cond i t i ons .  

Subsequently, ET r a t e s  on both developed and n a t u r a l  s i t e s  would be 

small .  Thus, d i f f e r e n c e s  i n  t h e  annual  ET f o r  developed and n a t u r a l  

condi t ions  would be g r e a t e r  when s e v e r a l  such d ry  pe r iods  occur dur ing  a  

season r a t h e r  than  a  s i n g l e  drought of l onge r  du ra t ion .  That is ,  a 

s i n g l e  long drought would reduce ET from both s i t e s  bu t  would tend t o  



c a u s e  s m a l l e r  d i f f e r e n c e s  between ET (and r u n o f f )  from developed and 

n a t u r a l  s i tes t h a n  would a s e r i e s  o f  s h o r t e r  d r y  p e r i o d s  fo l lowed  by 

runof f  p roduc ing  s t o r m s .  

The L a t t e r  p o i n t  i s  i l l u s t r a t e d  by t h e  r e s u l t s  f o r  t h e  s h a l l a w  

o r g a n i c  s i tes  i n  1977 and 1978 (Tab le  6) .  I n  1977 ET was abou t  18  cm 

l e s s  f o r  t h e  developed (106) s i t e  t h a n  f o r  t h e  n a t u r a l  (107) s i t e ,  Tbis  

was caused by s e v e r a l  r e l a t i v e l y  d r y  p e r i o d s  d u r i n g  t h e  i n t e r v a l  March 

2 1  t o  August 17  (days  80 t o  227 i n  F i g u r e  1 3 ) .  Each d r y  p e r i o d  was 

fo l lowed  by s to rms  c h a t  produced significant runof f  (days  126,  144,  198 

and 229) from t h e  developed s i t e  b u t  o n l y  b a r e l y  measureable  amounts 

f rom t h e  undeveloped s i t e .  The d r y  p e r i o d s  were  a p p a r e n t l y  of s u f f i c i e n t  

l e n g t h  t o  reduce  ET on t h e  developed s i t e  b u t  had a  s m a l l e r  e f f e c t  on t h e  

n a t u r a l  s i t e .  These r e s u l t s  are i n  c o n t r a s t  t o  t h o s e  f o r  1978 ( F i g u r e  

1 4 )  where no r u n o f f  o c c u r r e d  from e i t h e r  s i t e  from June  1 0  t o  December 

23 (days 160 t o  355) .  I n  t h i s  c a s e  ET was l i m i t e d  by t h e  l a c k  o f  a v a i l -  

a b l e  s o i l  w a t e r  on b o t h  s i z e s  w i t h  a n  a n n u a l  d i f f e r e n c e  of o n l y  2 .5  cm. 

T o t a l  ET was abou t  50 em on  he s h a l l o w  o r g a n i c  s o i l  i n  1978 compared t o  

75 em f o r  t h e  same y e a r  on t h e  m i n e r a l  s i t e s  where r a i n f a l l  was h i g h e r  

(Table  5 ) .  T h e r e f o r e ,  t h e  l a c k  of s u f f i c i e n t  s o i l  w a t e r  reduced ET by 

abou t  25 em on b o t h  developed and n a t u r a l  s h a l l o w  o r g a n i c  s i t e s  d u r i n g  

1978. 

D i f f e r e n c e s  i n  ET were  s m a l l  f o r  a l l  y e a r s  on t h e  m i n e r a l  sites 

(Table  5 ) .  Although r a i n f a l l  on t h e  s i t e  was r e l a t i v e l y  low i n  1977, 

t h e  d r y  p e r i o d s  o c c u r r e d  e a r l y  i n  t h e  y e a r  b e f o r e  t h e  s i t e  was c l e a r e d ,  

R a i n f a l l  was s u f f i c i e n t  t o  e l i m i n a t e  d rought  c o n d i t i o n s  d u r i n g  t h e  re- 

mainder o f  t h e  y e a r .  

Although t h e  n a t u r a l  deep o r g a n i c  s i t e  (104) had more runof f  t h a n  

t h e  developed s i t e  (103) ,  i t  a l s o  had h i g h e r  ET f o r  a l l  y e a r s  (Table  7 ) .  

R a i n f a l l  was h i g h e r  on t h e  undeveloped s i t e  i n  e v e r y  y e a r ,  and p a r t i c u l a r -  

l y  i n  1977 and 1978 a s  shown i n  Tab le  7. The s m a l l e r  amounr o f  r a i n f a l l  

on s i t e  103  caused ET t o  b e  l i m i t e d  more f r e q u e n t l y  t h a n  on t h e  n a t u r a l  

s i t e  104. The r e s u l t i n g  ET on s i te  1 0 3  was abou t  25 p e r c e n t  less t h a n  

on t h e  s i t e  104 f o r  b o t h  1977 and 1978. Root ing dep th  on t h i s  s l t e  i s  

t o t a l l y  l i m i t e d  t o  t h e  d e p t h  of l ime  i n c o r p o r a t i o n  on t h i s  s o i l  t y p e .  

G e n e r a l l y  t h e  d e p t h  o f  l i m e  i n c o r p o r a t i o n  i s  s h a l l o w e r  i n  t h i s  s o i l  t h a n  



i n  o t h e r s  because of t he  l a r g e  quan t i t y  of bur ied  wood, Thw crops on 

t h e  deep organic  s o i l  a r e  s u s c e p t i b l e  t o  more f requent  drought s t r e s s  

dur ing  t h e  yea r .  

No explana t ion  is  given f o r  t h e  c o n s i s t e n t l y  sma l l e r  annual r a in -  

f a l l  measured on s i t e  103  a s  compared t o  t h a t  on s i t e  104. The r a i n  

gauges were i n s t a l l e d  according t o  s tandard  procedures  and t h e  ca l ibua-  

t i o n  checked i n  1976, 1977, and 1980. Since t h e  r a i n f a l l  from 103 was 

lower than  d a t a  from t h e  o t h e r  s i t e s ,  i t  was compared t o  measurements 

conducted a t  t h r e e  a d d i t i o n a l  s i t e s  l oca t ed  w i t h i n  2.5 km of t h e  103 s i t e ,  

Annual r a i n f a l l  amounts from t h e s e  s i t e s  were h ighe r  than  measured a t  103 

but  lower than t h a t  measured a t  104. For example, i n  1978, 95 cm s f  r a in -  

f a l l  were measured a t  t h e  o l d  p a s t u r e  r e sea rch  s i t e  2  km n o r t h  of 103 and 

107 cm were obta ined  f o r  t h e  pea t  h a r v e s t i n g  s i t e  2 .5 km nor th  of 103. A 

USGS s t a t i o n  2 km west of 103 showed 114 cm of r a i n f a l l  f o r  t h e  same pe r iod ,  

These d a t a  may be  compared t o  our  measurements of 87 cm on s i t e  PO3 and 128 

cm on 104. A t  l e a s t  p a r t  of t h e  d i f f e r e n c e  was due t o  J u l y  thunderstorms 

which occurred on t h e  surrounding s i t e s  bu t  missed 103. Although t h e  con- 

s i s t e n t l y  sma l l e r  r a i n f a l l  amounts measured on s i t e  103 i s  worrisome, we 

can f i n d  no o b j e c t i v e  reason f o r  r e j e c t i n g  t h e s e  da t a .  

The average r a i n f a l l  amounts f o r  t h e  du ra t ion  of t h e  s tudy  were 1 2 6 ,  

98, 124 and 121  cm/year f o r  s i t e s  101, 103, 104 and 106, r e s p e c t i v e l y .  

Except f o r  s i te  103, t h e s e  va lues  compare w e l l  wi th  t he  long term average 

f o r  t h e  a r e a  of 127 cm/year. Thus hydro logic  events  and p o l l u t i o n a l  

loadings  observed during t h e  s tudy  should be t y p i c a l  of t h a t  expected over 

t h e  long term. 

Water Table Depth 

The e f f e c t  of t h e  dra inage  systems c u r r e n t l y  used i n  N.  C .  o rganic  

s o i l s  on water  t a b l e  depth is  o f t e n  misunderstood. A popular  misconcep- 

t i o n  i s  t h a t  f i e l d  dra inage  d i t c h e s ,  u sua l ly  p laced  90 t o  100 m a p a r t  i n  

t h e s e  s o i l s ,  lowers  t h e  water  t a b l e  t o  t h e  l e v e l  of t h e  water  i n  t h e  d i t c h e s ,  

approximately 1 t o  1 .5  rn below t h e  s o i l  s u r f a c e .  I n  f a c t  t h e  water  t a b l e  

e l e v a t i o n  changes cont inuously and r a r e l y  f a l l s  t o  t h e  depth of t h e  d i t c h ,  

The s o i l s  a r e  t i g h t  w i th  s u b s o i l  hydrau l i c  c o n d u ~ t i v i t i e s  of about 0.02 

m/day ( c . f .  subsequent s e c t i o n  on s o i l  p r o p e r t i e s )  and t h e  dra inage  systems 

i n s t a l l e d  s e r v e  p r imar f ly  f o r  s u r f a c e  dra inage .  Some subsur face  dra inage  i s  

obtained,  bu t  d r a i n s  would have t o  b e  placed 10 t o  1 5  m a p a r t  t o  provide  sub- 

s u r f a c e  dra inage  comparable to convent ional  improved dra inage  i n  minera l  

s o i l s .  Even then t h e  water t a b l e  would n o t  be drawn'down t o  a  cons t an t  



F i g u r e  1 7 .  Water t a b l e  d e p t h s  midway between d r a i n a g e  d i t c h e s  on 
developed and undeveloped deep o r g a n i c  sites d u r i n g  1978,  

5 7 



depth but  would vary over t ime wi th  r a i n f a l l  and ET, 

Water t a b l e  depths measured near  t h e  cen te r  of t h e  deep organic ,  

minera l  and shal low organic  s i t e s  a r e  p l o t t e d  f o r  1978 i n  Figures  17 ,  18 ,  

and 19 ,  r e s p e c t i v e l y ,  P l o t s  f o r  1976, 1973 and 1979 a r e  given i n  Appen- 

d i x  Figures  A 1  - A8. Note t h a t ,  wi th  t h e  except ion of t he  undeveloped 

shal low organic s o i l ,  t he  waeer t a b l e s  on both  developed and undeveloped 

s i t e s  a r e  c l o s e  t o  t he  s u r f a c e  during ehe win te r  and e a r l y  s p r i n g  months 

and have vary ing ,  bu t  deeper depths dur ing  t h e  summer and f a l l .  Subsur- 

f a c e  dra inage  on a l l  s f  t h e  developed s i tes  i s  slow and che primary meeh- 

anism causing water  t a b l e  drawdown is  ET. Good s u r f a c e  dra inage  on t h e  

developed deep o rgan ic  s i t e  ( s r t e  103, Figure 17) al lows water  t a b l e  draw- 

down t o  begin soon a f t e r  r a i n f a l l  ceases .  Whereas, s u r f a c e  water  is  re-  

moved much more slowly from s i t e  104 and water t a b l e  drawdown i s  delayed.  

Furthermore, t h e  d r a i n a b l e  p o r o s i t y  i s  h ighe r  f o r  n a t u r a l  than  f o r  develop- 

ed s o i l s  (Table 46) s o  more water must be  removed t o  lower t h e  water  

t a b l e  on undeveloped than  on developed s i t e s .  Average water  t a b l e  depths 

a r e  given f o r  each year  of t h e  s tudy i n  Table 8.  In 1978, t h e  average 

depth t o  t h e  wafer  t a b l e  on s i r e  103 was 0.58 m a s  opposed t o  0.33 m on 

t h e  n a t u r a l  s i t e  3-04. Di f fe rences  between t h e s e  two s i t e s  were even l e s s  

during t h e  o t h e r  three yea r s  of t h e  s tudy  (Table 7 ) .  Bowever t h i s  0.25 m 

d i f f e r e n c e  was no t  e n u i r e l y  due eo dra inage ,  a s  s i t e  104 had 41 cm more 

r a i n f a l l  i n  1978 (Table 9 )  than  d id  t h e  developed s i t e  103. 

Table 8 .  Pea r ly  average water  t a b l e  depths (m) nea r  t he  cen te r  of 
developed and undeveloped s i t e s .  

Year Mineral  Deep organic  Shallow o rgan ic  
Dev. Undev. Dev, Undev. Dev. Undev. 

glen> (102) (103) (104) (106) (107) 

A 
Averages based on d a t a  from 3-5 t o  8-51. Measurements on 106 were 
not  made dur ing  t h e  f i r s t  p a r t  of t h e  yea r  because of f i e l d  grading 
and shaping work. 



Figure  1 8 .  Water t a b l e  depths midway between dra inage  d i t c h e s  on 
developed and undeveloped mine ra l  s i t e s  dur ing  1978. 
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