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General 

Surface drainage is  the  o rde r ly  removal of excess water from t h e  su r f ace  of 
land through improved n a t u r a l  channels o r  cons t ruc ted  d i t c h e s  and through 
shaping of t h e  land sur f  ace. 

Surface drainage app l i e s  p r imar i ly  on f l a t  land where slow i n f i l t r a t i o n ,  low 
permeabi l i ty ,  o r  r e s t r i c t i n g  l a y e r s  i n  t h e  s o i l  p r o f i l e ,  o r  shallowness of 
s o i l  over rock o r  deep c l ays ,  prevent ready pe rco la t ion  of r a i n f a l l ,  runoff ,  
seepage from uplands, o r  overflow from streams through the  s o i l  t o  deep stra- 
tum. The land s u r f a c e - t o  be dra ined  should have a continuous f a l l  t o  t h e  
f i e l d  d i t c h  and t h e  f i e l d  d i t c h  should have a continuous grade t o  t he  f i e l d  
l a t e r a l .  The water  su r f ace  i n  t he  f i e l d  l a t e r a l  a t  design depth should be 
low enough t o  d r a i n  t h e  f i e l d .  

Surface drainage systems, when proper ly  planned, e l iminate  ponding, prevent  
prolonged s a t u r a t i o n ,  and a c c e l e r a t e  flow t o  an o u t l e t  without s i l t a t i o n  o r  
e ros ion  of s o i l ( 1 ) .  I n  some cases ,  o r i e n t a t i o n  of crop rows with t h e  land 
s lope  may accomplish t h i s  purpose, I n  o the r  cases ,  use  of a d ive r s ion  o r  a 
complete system of d i t c h e s  and crop row d ra ins  i s  necessary as shown i n  f i g -  
u r e  3-1. Combinations of both sur face  and subsurface drainage,  such a s  land  
grading and smoothing over subsurface d ra ins ,  o f t e n  provide b e t t e r  and more 
economical r e s u l t s .  

Surface drainage systems inc lude  both c o l l e c t i o n  and d i sposa l  d i t ches .  Where 
the  system, o r  p a r t s  of t he  system, pr imar i ly  c o l l e c t  and remove su r face  wa- 
t e r  from a f i e l d  o r  small land a rea ,  t h e  c r o s s  s ec t ion ,  s lope ,  p a t t e r n  and 
spacing of d i t ches  a r e  e s s e n t i a l  f a c t o r s  of design a s  covered here in .  
Ditches f o r  su r f ace  dra inage  a r e  u sua l ly  designed t o  remove the  runoff pro- 
duced by an ordinary r a i n  i n  time to  prevent  damage t o  the  crops grown i n  the 
drainage area .  

The r a t e  of removal i s  c a l l e d  the  drainage c o e f f i c i e n t  which i s  t he  r a t e  of 
water removal per  u n i t  a r ea  used i n  drainage design.  For su r f ace  drainage 
the  c o e f f i c i e n t  i s  usua l ly  expressed i n  terms of flow r a t e  per  u n i t  of a rea ,  
which v a r i e s  with the  s i z e  of t h e  area .  Where t h e  drainage system o r  p a r t s  
of t h e  system pr imar i ly  convey discharge from one o r  more f i e l d s ,  farms o r  
l a rge  land a reas  t o  an o u t l e t ,  t h e  depth,  capac i ty  and hydraul ic  gradel ine  
a r e  added f a c t o r s  of cons idera t ion .  Drainage c o e f f i c i e n t s  f o r  su r f ace  dra in-  
age and design of t h e  d i t c h e s  of t h e  d isposa l  system a r e  covered i n  chapter  5 ,  
"Open Ditches - Design, Construct ion,  and Maintenance." 

Wide v a r i a t i o n s  i n  c l imate ,  topography, s o i l s ,  crops and farming p r a c t i c e s  
between regions  of the  United S ta re s  a l t e r  surface-drainage requirements. 
Therefore,  when planning and designing surface-drainage systems, re ference  
should be made t o  s t a t e  handbooks and loca l  dra inage  guides. 
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Figure  3-1, Typica l  l ayou t  - i n d i v i d u a l  farm dra inage  system 
(Where the ground s u r f a c e  i s  undu la t ing ,  d i t c h e s  and d r a i n s  w i l l  meander) 



Surface-Drainaae Systems 

The b a s i c  surface-drainage systems a r e  t he  p a r a l l e l ,  t h e  random, and the  
cross-s lope  o r  d ivers ion  system. The system t o  be used w i l l  depend upon the  
requirements of t he  s i t e .  The system used should -- 

1. F i t  t h e  farming system. 

2. Cause water  t o  flow r e a d i l y  from land t o  d i t c h  without   armful 
eros ion  o r  depos i t ion  of s i l t .  

3. Have adequate capac i ty  t o  ca r ry  the  flow. 

4.  Be designed f o r  cons t ruc t ion  and maintenance with appropr ia te  
equipment l o c a l l y  ava i l ab le .  

The random system 

Where t h e  topography i s  i r r e g u l a r ,  but  so f l a t  o r  gent ly  s loping  a s  t o  have 
wet depress ions  s c a t t e r e d  over t h e  a r e a  a s  shown i n  f i g u r e  3-2,  a random sys- 
tem i s  used. The f i e l d  d i t c h e s  should be so  loca ted  t h a t  they w i l l  t r a n s e c t  
a s  many depressions a s  f e a s i b l e  along a course through the  lowest p a r t  of t h e  
f i e l d  toward an a v a i l a b l e  o u t l e t .  The course should be se l ec t ed  so a s  t o  
provide t h e  l e a s t  i n t e r f e rence  with farming opera t ions  and a minimum of deep 
e a r t h  cu ts .  Cuts over t h r e e  f e e t  should be avoided although these  sometimes 
a r e  necessary  t o  reach an o u t l e t  and leave a farmable f i e l d .  F i e l d  d i t ches  
should o r d i n a r i l y  not  be shal lower than one-half foo t  deep o r  deeper than one 
foo t  where t h e y - a r e  t o  be crossed f requent ly  by farming equipment. Side 
s lopes  f o r  handling farm equipment should be determined from l o c a l  guides. 
Ditches should extend completely through depress ions ,  a s  shown i n  f i g u r e  3-2, 
t o  a s su re  complete drainage. Land grading, smoothing o r  bedding w i l l  usual-  
l y  be necessary on t h e  l e s s  permeable s o i l s  t o  a s su re  complete su r f ace  water  
removal. 

The p a r a l l e l  system 

Where topography is  f l a t  and r e g u l a r ,  and a random system i s  imprac t ica l  o r  
inadequate,  f i e l d  d i t c h e s  should be e s t ab l i shed  i n  a p a r a l l e l  bu t  not  neces- 
s a r i l y  equ id i s t an t  p a t t e r n  a s  shown i n  f i g u r e s  3-1, 3-3,  and 3-4. Orienta-  
t i o n  of f i e l d  d i t ches  w i l l  depend upon d i r e c t i o n  of land s lope;  l oca t ion  of 
d ive r s ions ,  c ross-s lope  d i t c h e s  and mains and l a t e r a l s  of t he  d i sposa l  system; 
and access  of t h e  e s t ab l i shed  lands  t o  farming equipment. Usually, f i e l d  
d i t c h e s  should run p a r a l l e l  t o  each o t h e r  ac ros s  a f i e l d  t o  discharge i n t o  
f i e l d  l a t e r a l s  bordering the  f i e l d .  L a t e r a l s  and mains should be deeper than 
t h e  f i e l d  d i t c h e s  t o  provide f r e e  o u t f a l l .  Surfaces of lands should be 
graded and smoothed f o r  unin ter rupted  flow along crop rows o r  over t he  land 
su r f aces ,  when rows a r e  no t  maintained. 

When s o i l s  a r e  permeable and t h e  f i e l d  d i t c h e s  w i l l  d ry  out  i n  about t he  same 
time a s  t h e  adjo in ing  land su r f ace ,  crop rows may be run across  t h e  f i e l d  
d i t c h e s  so t h a t  they can c o l l e c t  and c a r r y  the  row water d i r e c t l y  t o  f i e l d  
l a t e r a l s .  

When crop rows a r e  e s t ab l i shed  p a r a l l e l  t o  f i e l d  d i t c h e s ,  row d i t c h e s  must be 
planned t o  d r a i n  rows through depressions and t o  reduce row lengths.  Such 
d i t c h e s  a r e  temporary i n s t a l l a t i o n s  and a r e  cu t  by hand shovel o r  plow during 
t h e  course  of farming opera t ions .  
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Figure 3-2, Random systeni 



Figure  3-3, P a r a l l e l  system 

(Illustrates f i e l d  layout well s u i t e d  to sugarcane) 
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F i g u r e  3-4, P a r a l l e l  system 

( I l l u s t r a t e s  f i e l d  l a y o u t  s u i t e d  t o  growing a v a r i e t y  o f  row crops ,  
i n c l u d i n g  c o t t o n ,  corn ,  soybeans, sugarcane ,  g r a i n  sorghum, e t c . )  



Spacing of p a r a l l e l  f i e l d  d i t c h e s  depends upon s i z e  of lands t h a t  can be 
t i l l e d  and harvested economically, on water to lerance  of crops,  and on t h e  
amount and c o s t  of t he  necessary land forming. These f a c t o r s  must be d e t e r -  
mined l o c a l l y .  Where subsurface drainage may be used i n  conjunction with 
f i e l d  d i t c h e s  f o r  p ro t ec t ion  of crops h igh ly  s e n s i t i v e  t o  water ,  such a s  
tobacco, f i e l d - d i t c h  spacing may need t o  be adjus ted  t o  be compatible with 
spacing requirements of t he  subsurface d ra ins .  F ie ld-d i tch  spacing a l s o  
should be adjus ted  t o  accommodate t i l l a g e  and harves t ing  equipment t o  be 
used i n  t h e  f i e l d .  

The cross-s lope  system (d ivers ion  system) 

Use the  cross-slope system (a) t o  d r a i n  s loping  land t h a t  may be wet because 
of slowly permeable s o i l ,  (b) t o  prevent t h e  accumulation of water from 
higher  land,  and (c) t o  prevent  t h e  concent ra t ion  of water i n  shal low pockets 
w i th in  the  f i e l d .  This system c o n s i s t s  of one o r  more d ivers ions ,  t e r r a c e s ,  
o r  f i e l d  d i t c h e s  b u i l t  ac ros s  t he  s lope.  A s  water flows downhil l --ei ther  i n  
t h e  furrows between rows on c u l t i v a t e d  land ,  o r  a s  shee t  flow on hay land and 
permanent g ra s s l and- - i t  i s  i n t e rcep ted  and c a r r i e d  o f f  ( f i g u r e  3-5). 

Whether t o  use d ivers ions  o r  f i e l d  d i t ches  depends on t h e  s teepness of t h e  
s lope ,  t h e  permeabil i ty of t h e  s o i l ,  and t h e  p o s s i b i l i t y  of water flowing 
from higher  land onto the  f i e l d  being drained.  F i e l d  d i t ches  a r e  b e s t  on 
s lopes  under two percent .  Diversions apply t o  s t eepe r  land. Diversions 
a l s o  shor ten  long s lopes  where overtopping of f i e l d  d i t c h e s  would c r e a t e  an 
eros ion  hazard ( f igu re  3-6) .  

The cross-s lope  system a l s o  prevents  accumulation of water a t  t h e  ends of 
long rows o r  a t  t he  lower edges of a  f i e l d .  It may be necessary t o  bui ld  
f i e l d  d i t c h e s  t o  c o l l e c t  water from t h e  furrows between the  rows along t h e  
edge of s p o i l  p a r a l l e l i n g  l a r g e  mains and l a t e r a l s .  See f i g u r e  3-8. 

Use l o c a l  drainage guides t o  determine spacing and slope.  Normally, erosion- 
con t ro l  requirements determine spacing and design of t e r r a c e s  and d ivers ions .  
Space t h e  channels t o  con t ro l  erosion.  Design d ive r s ions  t o  c a r r y  runoff 
from a 10-year frequency storm, p lus  freeboard.  Where subsurface seepage i s  
a problem, t r y  t o  l oca t e  t h e  channel so a s  t o  provide continuous in t e rcep t ion  
of t h e  seep l i n e .  

Where t h e  f i e l d  jo ins  bottom land,  use a  f i e l d  d i t c h  (or  l a t e r a l  where sev- 
er 'al farms o r  l a rge  a reas  a r e  involved) on t h e  bottom land a t  t he  t o e  of 
s lope.  Where occasional  overflow of bottom land i s  permissive,  design the  
d i t c h  capaci ty  f o r  t he  app l i cab le  drainage c o e f f i c i e n t .  Prevent unnecessary 
overflow by embankment of t h e  s p o i l  upon the  bottom land s i d e  of t he  d i t c h  
( f i g u r e  3-7) .  Where shallow su r face  s o i l s  a r e  under la in  by slowly permeable 
s o i l ,  make the  channels deep enough t o  i n t e r c e p t  any subsurface flow t h a t  
moves downhill  above the  t i g h t  layer .  Spoil  should be placed so t h a t  t he  
d i t c h  w i l l  hold a s  much water  a s  poss ib l e  i n  order  t o  prevent  unnecessary 
overflow. 

Build t h e  channels so t h a t  they have s i d e  s lopes  of 6 t o  1 o r  f l a t t e r  o r  a s  
recommended i n  l o c a l  guides i f  they a r e  t o  be crossed r egu la r ly  i n  farming 
opera t ions .  Blade the  s p o i l  t o  t he  lower s i d e  of t h e  channel t o  form a low, 
wide r idge .  On land t o  be kept  i n  permanent vege ta t ion ,  shape the  channels 
and r i d g e s  so t h a t  vege ta t ion  can be e s t ab l i shed  and mowed conveniently. 
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F i g u r e  3-5, Cross s l o p e  s y s t e m  on s l i g h t  t o  moderate  s l o p e s  



D i t c h  

Figure 3 -6 ,  Cross slope system on moderate 
to steep slopes 



F i g u r e  3-7 ,  Cross slope system on bottomland 
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Figure 3-8, Controlled surface water discharge 
into deep disposal ditch 
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Figure 3-9, Comparative profiles of a land surface graded 
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For small  drainage a reas ,  e spec ia l ly  those sub jec t  t o  shee t  flow, t h e  para-  
b o l i c  o r  V-type channel i s  adequate. On l a r g e r  drainage a reas ,  use the  
f la t -bot tom channel. 

Channels must be designed t o  meet requirements of t h e  job without  causing 
s i g n i f i c a n t  aggradation o r  degradation of t h e  channel bed o r  e ros ion  of the  
channel banks. Refer  t o  Chapter 5, Open Di tches ,  f o r  design c r i t e r i a .  

To a s su re  good drainage on slowly permeable s o i l s ,  run rows up and down the  
s lope  and ac ros s  t he  d i t c h  on land s lopes  up t o  about two percent  o r  t o  such 
nonerosive s lope  l i m i t  a s  determined from l o c a l  guides. Above such slope 
l i m i t s  run rows p a r a l l e l  t o  c ross-s lope  d i t c h e s  o r  d ive r s ions .  

Types and Functions of Surface-Drainage Ditches 

Surface-drainage d i t c h e s  funct ion  e i t h e r  a s  c o l l e c t i o n  d i t c h e s  and/or d i s -  
posal  d i t ches .  Each d i t c h ,  whether i nd iv idua l ly  o r  a s  a  p a r t  of a  system, 
must be loca ted  and shaped so as t o  accomplish i t s  p a r t i c u l a r  funct ion.  

Col lec t ion  d i t ches  should be loca ted  so water  w i l l  flow n a t u r a l l y  i n t o  them. 
To prevent  e ros ion  of t h e  d i t ches  by water en t e r ing  over t h e i r  s i d e s ,  make 
them shallow, with f l a t  s i d e  s lopes ,  and p r o t e c t  them by vegeta t ion  o r  me- 
chan ica l  means, p a r t i c u l a r l y  when excavated i n  e rodib le  s o i l s .  

Ord ina r i ly ,  t he  l o c a t i o n  of d isposa l  di tches--such a s  mains and l a t e r a l s - -  
has  fewer r e s t r i c t i o n s  than t h a t  o f  c o l l e c t i o n  d i t ches .  I f  t h e r e  a r e  only a 
few poss ib l e  o u t l e t s ,  t h e  chosen one w i l l  in f luence  the  loca t ion  of d isposa l  
d i t ches .  These d i t c h e s  usua l ly  a r e  deeper than c o l l e c t i o n  d i t ches .  Shaping 
o r  spreading s p o i l  ad jacent  t o  d i sposa l  d i t c h e s  does not  s e r i o u s l y  a f f e c t  
drainage,  but  f o r  b e s t  land u t i l i z a t i o n  and maintenance, s p o i l  should be 
shaped, except i n  wooded a reas  o r  where the  shaping of s t e r i l e  subso i l s  
would damage good land. Spoi l  should be spread i n  a manner t h a t  w i l l  allow 
e f f i c i e n t  farming and maintenance opera t ions .  

Co l l ec t ion  d i t c h e s  

F i e l d  d i t c h e s  c o l l e c t  water wi th in  a  f i e l d .  Their  alignment, shapes, and 
c a p a c i t i e s  must f i t  t h e  topography, dra inage  a rea ,  and p r i n c i p a l  land use of 
t h e  f i e l d .  See f i g u r e s  3-1 and 3-2. Col lec t ion  d i t c h e s  should be i n s t a l l e d  
wi th  s u f f i c i e n t  depth ,  width,  and f l a t n e s s  of s i d e  s lopes  t o  al low t i l l a g e  
equipment t o  open furrows which w i l l  d r a i n  f r e e l y  i n t o  t h e  d i t ch .  

Furrows 
The furrow between t h e  rows i s  t he  f i r s t  c o l l e c t o r  of water  i n  t he  drainage - 
system of a row-cropped f i e l d .  Rows should be so d i r e c t e d  t h a t  water  can 
move along them without  ponding o r  scouring. Surface- f ie ld  d i t c h e s  must be 
arranged t o  provide drainage of row furrows. I f  t h e  row system is  a p a r t  of 
a  furrow i r r i g a t i o n  system, t h e  loca t ion  of sur face  f i e l d  d i t c h e s  may be de- 
termined by t h e  requirements f o r  i r r i g a t i o n .  

Row gradient  must vary  according t o  topography, s o i l s ,  and loca t ion ,  but  rows 
should be continuous and should not  be on e ros ive  grades. 

Row d i t c h  
This  i s  a temporary d i t c h  f o r  c o l l e c t i n g  water  from t h e  furrows between the  
rows. It i s  used p r imar i ly  i n  p a r a l l e l  and bedding systems f o r  crops having 
low water to lerances .  It may be know l o c a l l y  a s  a  "cross  ," "quarter ,"  annual 



d i t c h  o r  "header di tch."  Row d i t ches  a r e  c u t  d i r e c t l y  across  t he  row system 
t o  prevent  ponding i n  s l i g h t  depressions.  See f i g u r e  3-3. Row d i t ches  can 
be made by small plows, s i n c e  they a r e  no deeper than the  crop rows. They 
a r e  s h o r t ,  u sua l ly  not more than 300 f e e t ,  and they can be open a t  both ends 
t o  d ischarge  i n t o  f i e l d  d i t ches .  

F i e ld  d i t c h  
This  i s  a  shallow, graded d i t c h  f o r  c o l l e c t i n g  water w i th in  a  f i e l d ,  u sua l ly  
cons t ruc ted  with f l a t  s i d e  s lopes  f o r  ease  of c ross ing .  It may d r a i n  bas ins  
o r  depress ional  a reas ,  c o l l e c t  o r  i n t e r c e p t  flow from land su r f ace  o r  chan- 
ne led  flow from n a t u r a l  depress ions ,  plow furrows, crop-row furrows, and 
bedding systems. S t a t e  Drainage Guides and Standards and Spec i f i ca t ions  
conta in  c r i t e r i a  regarding s i d e  s lopes ,  grades,  spacing and depth of dra in-  
age f i e l d  d i t ches .  

Disposal d i t c h e s  

Disposal d i t c h e s  a r e  l a t e r a l s  and mains which t r a n s p o r t  t h e  co l l ec t ed  water 
t o  an o u t l e t .  Design should be according t o  p r i n c i p l e s  s e t  f o r t h  i n  chapter  
5, "Open Ditches.'' Except f o r  t he  f i e l d  l a t e r a l ,  which i s  f requent ly  a  V- 
type channel ,  l a t e r a l s  and mains a r e  u sua l ly  t rapezoida l .  A l a t e r a l  o r  main 
must be deep enough t o  handle the  water from a l l  t h e  c o l l e c t i o n  d i t ches  t h a t  
e n t e r  it. 

Excavated ma te r i a l  from d i sposa l  d i t ches  should be used a s  f i l l  f o r  low 
a reas ,  used f o r  grading o r  l eve l ing  f i e l d  su r f aces ,  spread t o  permit unre- 
s t r i c t e d  drainage,  o r  placed i n  shaped s p o i l  banks p a r a l l e l  t o  t he  d i t c h .  
Disposal d i t ches  should have a  f l a t  berm along the  bank edge. I ts  dimen- 
s ions  should be i n  accordance with recommendations of l o c a l  drainage guides. 
See f i g u r e s  3-2, 3 - 4 ,  3-5, 3-8, and 3-10, 

F i e ld  l a t e r a l  
La te ra l  d i t ches  may have r e l a t i v e l y  s teep  s i d e  s lopes  s ince  t h e r e  i s  no need 
t o  al low f o r  water coming over t he  s ides .  Shaped s p o i l  along each bank of 
t he  d i t c h  p r o t e c t s  the  d i t c h . s i d e s  aga ins t  damage by sur face  water.  I f  the  
d i t c h e s  a r e  t o  be maintained by mowing, s i d e  s lopes  should not  be s t eepe r  
than 3  t o  1. Usually, a  grader  i s  used i n  the  cons t ruc t ion  of V-type l a t -  
e r a l s  and backhoes o r  d rag l ines  f o r  t rapezoida l  l a t e r a l s .  

Farm l a t e r a l s  and mains 
A t r apezo ida l  d i t c h  should be used where the  flow of water w i l l  be l a rge .  
Since t h i s  type of d i t c h  usua l ly  i s  a t  l e a s t  t h r e e  f e e t  deep, provis ions  must 
be made f o r  t he  en t ry  of water from shallow f i e l d  d i t c h e s  and f i e l d  l a t e r a l s ,  
A s  i l l u s t r a t e d  i n  f i g u r e  3-8, nonerosive d ischarge  from c o l l e c t i o n  d i t ches  i s  
obtained by means of (a )  a  nonerosive grade from the  o u t l e t  of t he  c o l l e c t i o n  
d i t c h  t o  t h e  bottom of t he  l a t e r a l  o r  d i t c h ;  (b) a  length of pipe through 
which t h e  water may be dropped s a f e l y  t o  t he  lower e l eva t ion  i n  t h e  l a t e r a l  
o r  main; o r  (c) a standard drop s t r u c t u r e .  

Land Forming 

Mechanically changing the  land sur face  i n  order  t o  d r a i n  sur face  water i s  
known a s  land forming. It may be done by smoothing, grading,  bedding, o r  
leve l ing .  Any of these  methods, properly used, w i l l  r e s u l t  i n  b e t t e r  sur -  
face  drainage.  
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Land smoothing 

Shaping land  t o  a smooth su r f ace  i s  important t o  good su r face  drainage.  Land 
smoothing does not change t h e  general  contour of t h e  land but i t  e l imina te s  
minor d i f f e rences  i n  f i e l d  e l eva t ion  inc luding  shallow depressions.  Thus, 
b e t t e r  drainage can be obtained with fewer d i t ches .  This  i n  t u r n  permits  
more e f f i c i e n t  opera t ion  of farm equipment, reduces t h e  c o s t  of d i t c h  main- 
tenance, and reduces i c e  c rus t ing .  

S o i l s  t o  be smoothed must have a p r o f i l e  which w i l l  a l low small c u t s  without  
exposing l aye r s  t h a t  w i l l  h inder  equipment opera t ion  o r  p l a n t  growth. Usual- 
l y ,  land wi th  slowly permeable s u r f a c e  s o i l s  and s lopes  l e s s  than about one- 
h a l f  of one percent  should b e g r a d e d  p r i o r  t o  smoothing. 

High spo t s  and low spots  a r e  u sua l ly  v i s i b l e  without  t h e  a i d  of an engineer ' s  
l eve l .  Only minor surveys and planning a r e  necessary.  Land p lanes  used i n  
land l e v e l i n g  and grading a l s o  a r e  used f o r  land  smoothing. 

Land grading  

Land grading f o r  drainage c o n s i s t s  of shaping the  land sur face  by c u t t i n g ,  
f i l l i n g  and smoothing t o  planned continuous su r f ace  grades a s  shown i n  f i g -  
u r e  3-9. The purpose of e s t a b l i s h i n g  continuous su r f ace  grades i s  t o  make 
su re  t h a t  runoff water does not  pond. Land grading f o r  drainage does not  
r e q u i r e  shaping of t h e  land i n t o  plane su r f aces  with uniform s lopes .  

Emphasis i n  planning i s  given i n  f i l l i n g  depress ions  with s o i l  from adjo in ing  
r idges  and mound's. I f  an excess ive  amount of f i l l i n g  i s  requi red  f o r  low 
p laces ,  o r  i f  s u f f i c i e n t  s o i l  i s  not  r e a d i l y  ava i l ab le ,  f i e l d  d i t c h e s  can be 
i n s t a l l e d  and the  sur faces  warped toward them. By e s t a b l i s h i n g  grade i n  t he  
d i r e c t i o n  of  row development o r  t i l l a g e ,  and developing cross-s lope  drainage 
only when advantageous, requi red  c u t s  and f i l l s  can be he ld  t o  a minimum. 
Methods of design and layout  a s  given i n  Chapter 12 ,  Sec t ion  15,  I r r i g a t i o n ,  
SCS National  Engineering Handbook, can be used f o r  land grading. S t a t e  
s tandards  f o r  land grading w i l l  spec i fy  grades allowed. 

I n  a r e a s  with l i t t l e  o r  no s lope ,  grades can be e s t ab l i shed  o r  increased  by 
grading between p a r a l l e l  d i t c h e s  with c u t s  from the  edge of one d i t c h  and 
f i l l s  toward the  next .  See f i g u r e  3-10. Surface r idg ing  s i m i l a r  t o  bedding 
can be e s t ab l i shed  by shaping and smoothing land su r f aces  and d i t c h  s p o i l  be- 
tween c lose ly  spaced and graded f i e l d  d i t ches ,  a s  shown i n  f i g u r e  3-10. The 
a r t i f i c i a l  r i dge  i s  c rea t ed  midway between the  d i t ches .  Approximately para- 
b o l i c  convex sur faces  a r e  developed by shaping from the  d i t c h  shoulders  
toward t h e  r idge .  Necessary crown height  and f i l l  a r e  obtained by adjustment 
i n  spacing between d i t ches ,  f l a t t e n i n g  of d i t c h  s i d e  s lopes ,  and use of d i t c h  
s p o i l .  Ditch spacing and crown he igh t s  a r e  e s t ab l i shed  i n  s t a t e  handbooks 
and l o c a l  guides. 

Row l e n ~ t h  
Maximum permiss ib le  row lengths  on graded land w i l l  vary  according t o  s o i l  
permeabi l i ty  and grade and should be spec i f i ed  i n  l o c a l  drainage o r  t echn ica l  
guides. 

Row g rad ien t  
Row grades on nonp la s t i c ,  permeable, but  e a s i l y  e rod ib l e  s o i l s  should no t  
exceed 0.5 percent .  On p l a s t i c  and slowly permeable s o i l s  with l imi t ed  row 



l eng ths ,  grades may reach a maximum of 2.0 percent .  Limits  should be speci-  
f i e d  i n  l o c a l  drainage o r  t echn ica l  guides. 

Bedding 

Bedding resembles a system of p a r a l l e l  f i e l d  d i t c h e s  with in tervening  lands 
shaped t o  a convex sur face .  

The beds a r e  made by plowing, blading,  o r  otherwise e l eva t ing  t h e  sur face  of 
f l a t  land i n t o  a s e r i e s  of broad, low r idges  separated by shallow, p a r a l l e l  
dead furrows o r  d i t c h e s .  

Bedding provides improved sur face  drainage by e s t a b l i s h i n g  adjo in ing  p a r a l l e l  
beds of lands  running i n  t h e  d i r e c t i o n  of  t h e  a v a i l a b l e  n a t u r a l  s lope ,  or  i f  
t h e r e  i s  no s lope ,  i n  t h e  d i r e c t i o n  of t h e  n e a r e s t  o u t l e t .  This  accomplishes 
one o r  more of t he  fol lowing:  minimizes water  pondage, provides g rad ien t s  
f o r  removing runoff and permits  e f f i c i e n t  opera t ion  of t i l l a g e  and ha rves t  
equipment. 

The bedding p r a c t i c e  has  two d i s t i n c t  forms: 

Lands o r  cor rugat ions .  In  t h i s  type of  bedding the  convex a rea  
which is  formed by plowing o r  b lading  l i e s  between two dead furrows 
which a r e  u sua l ly  spaced from 30 t o  a maximum of 80 f e e t  apa r t .  
These lands  o r  cor rugat ions  r e q u i r e  establ ishment of f i e l d  d i t ches  
and l a t e r a l s  f o r  coZlect ion and removal of runoff from dead furrows. 
See f i g u r e  3-11. 

Crowning.--In t h i s  type of bedding opera t ion  t h e  convex a rea  i s  
u sua l ly  g r e a t e r  than 60 f e e t  i n  width. Surface s lopes  a r e  provided 
across  each crown. The s i d e  boundaries of each crown a r e  formed by 
some type of  su r f ace  d i t c h .  The crown i s  cons t ruc ted  with blade 
equipment. I n  f i g u r e  3-3, t he  a rea  between the  f i e l d  l a t e r a l s  t h a t  
run nor th  and south would be t h e  crowned area .  

T Y P I C A L  S U R F A C E  P R O F I L E  A F T E R  C R O W N I N G  

Lands and corrugat ions  do not  lend themselves t o  t he  most e f f i c i e n t  opera t ion  
of l a r g e ,  modern farming equipment and gene ra l ly  a r e  used on poorly drained 
f l a t  lands devoted t o  g ra s s .  

Crowning i s  usua l ly  used on land devoted t o  sugarcane, o r  sugarcane i n  r o t a -  
t i o n  with o the r  c rops  o r  grass land .  In  some a reas  t h i s  system i s  used f o r  
t r u c k  crops and o the r  row crops.  The crop  rows a r e  p a r a l l e l  with the  crown 
length .  The use of t h i s  system--figure 3-3-- is  dec l in ing  i n  favor of land 
grading and use of a drainage system requ i r ing  fewer d i t ches - - f igu re  3 - 4 ( 2 ) .  

The su r face  runoff from crop rows on a l l  types of bedding i s  drained t o  the  
dead furrows o r  d i t c h e s  by shallow row d i t c h e s  cu t  across  low p laces  i n  t he  
beds o r  a t  regular  i n t e r v a l s .  The dead furrows o r  d i t c h e s  between beds a r e  
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F i g u r e  3-11, Bedding ( lands  o r  corrugations) 



graded t o  an o u t l e t .  Where row water d ischarges  i n t o  deeper d i t c h e s  o v e r f a l l  
p r o t e c t i o n  may be requi red  t o  prevent e ros ion .  

Land l e v e l i n g  

Land l e v e l i n g  i s  a p r e c i s e  opera t ion  of modifying the  land su r f ace  t o  planned 
grades t o  provide more e f f i c i e n t  i r r i g a t i o n .  See Chapter 12,  Sec t ion  15, 
I r r i g a t i o n ,  SCS National  Engineering Handbook. 

I r r i g a t e d  land a l s o  i s  leve led  f requent ly  t o  ob ta in  drainage ( 3 ) .  See f igu res  
3-12, 3-13, and 3-14 f o r  t y p i c a l  i r r i g a t i o n  drainage system layouts .  I n  
humid a reas  t he  col1ec t ion  d i t ches ,  o r  i r r i g a t i o n  " t a i l  water  d i t ches , "  a t  
t h e  ends of furrows and along the  borders  of leve led  land ,  must be a b l e  t o  
r ece ive  and conduct storm runoff ,  This  capac i ty  must be g r e a t e r  than t h a t  
requi red  f o r  handling only t a i l  water from i r r i g a t i o n  app l i ca t ions .  

Classes A and B i r r i g a t i o n  jobs, a s  defined i n  t a b l e  12-1, Chapter 12, Sec- 
t i o n  15, I r r i g a t i o n ,  a r e  e s t ab l i shed  with uniform su r face  grades. In l i g h t e r  
s o i l s ,  t h e  length of run i s  governed by i r r i g a t i o n  requirements, but  i n  heavy 
s o i l s  of humid a r e a s  i t  i s  governed by dra inage  requirements. Land which has  
been leve led  t o  i r r i g a t i o n  s p e c i f i c a t i o n s  w i l l  meet the  requirements of land 
grading f o r  drainage.  

For d e t a i l s  of surveys and s t ak ing  requirements f o r  land l eve l ing ,  r e f e r  t o  
Chapter 12,  Sect ion 15, I r r i g a t i o n ,  SCS National  Engineering Handbook. 

J o i n t  Surface and Sub sur f  ace Drainage Sys tems 

Subsurface drainage systems usual ly  remove some su r face  water a l so .  However, 
a j o i n t  system of su r f ace  d i t c h e s  and subsurface d ra ins  w i l l  b e n e f i t  crops 
where to l e rance  t o  s tanding  water i s  low and where water may be trapped above 
a l e s s  permeable l a y e r  i n  which subsurface d r a i n s  a r e  placed.  In  a j o i n t  
system, su r f ace  d i t c h e s  a r e  i n s t a l l e d  as prescr ibed  i n  t h i s  chapter .  Sub- 
su r f ace  d ra ins  a r e  i n s t a l l e d  a s  prescr ibed  i n  chapter  4.  
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Figu re  3-12,  Typica l  d r a inage  s y s t e m  f o r  i r r i g a t e d  land  
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F i g u r e  3-13, Dra inage  and s u b s u r f a c e  i r r i q a t i o n  f o r  improved p a s t u r e  



F i g u r e  3-14,  T y p i c a l  l a y o u t  - i n d i v i d u a l  rice farm i r r i g a t i o n  and d r a i n a g e  sys tem 
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