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NATIONAL ENGINEERING HANDBOOK 

SECTION 16 

DRAINAGE OF AGRICULTURAL LAND 

CHAPTER 5. OPEN DITCHES FOR DRAINAGE - DESIGN, CONSTRUCTION AND 
MAINTENANCE 

General 

This  chapter  o u t l i n e s  procedures f o r  designing,  cons t ruc t ing ,  and maintaining 
open d i t c h e s  f o r  a g r i c u l t u r a l  drainage. It covers d i t c h e s  and recons t ruc ted  
channels used pr imar i ly  a s  o u t l e t s  f o r  dra inage  systems occupying broad r i v e r  
bottoms, d e l t a s ,  c o a s t a l  p l a i n s ,  lake  p l a i n s  and upland p r a i r i e s  where t h e  
general  topography is f l a t  t o  mi ld ly  s loping  and where su r f ace  waters  a r e  
d i f fused .  Where channels extend from such a r e a s  i n t o  narrowing bottoms and 
s t eepe r  s lopes  ad jo in ing  o r  i n t o  uplands, add i t i ona l  guidance f o r  design 
and s t a b i l i t y  checks a s  covered i n  SCS Technical Release No. 25 should be 
used t o  assure  p ro t ec t ion  aga ins t  degradation and bank erosion.  The proce- 
dure and c r i t e r i a  a l s o  i s  app l i cab le  t o  t h e  des ign  of drainage d i t c h e s  used 
fo r  i n t e r c e p t i o n  drainage. Chapter 3 ,  Surface Drainage, dea l s  wi th  small  
f i e l d  d i t ches .  Chapter 4 ,  Subsurface Drainage, conta ins  c r i t e r i a  f o r  plan- 
ning d i t c h e s  f o r  use i n  subsurface drainage of a g r i c u l t u r a l  land. 

The des ign  of drainage d i t c h e s  must g ive  due cons idera t ion  t o  t h e  equipment 
and methods t o  be used f o r  cons t ruc t ion ,  and t o  t h e  needs f o r  and methods t o  
be used i n  maintaining the  d i t ches .  The des ign  must be based on adequate 
cons idera t ion  of the  fol lowing i n t e r r e l a t e d  f a c t o r s :  

1. The d i t c h  must be designed t o  meet t h e  p r o j e c t  needs without  
aggradation o r  degradat ion  of t h e  channel bed o r  e ros ion  of 
t h e  channel banks. 

2. It must be capable of being maintained t o  the  s i z e  and condi- 
t i o n  requi red  t o  con t inua l ly  meet t h e  proj ,ect  needs. 

3.  The c o s t  of cons t ruc t ion  and maintaining t h e  d i t c h  must be 
l e s s  than the  b e n e f i t s  which i t  i s  expected t o  produce. 

4, The cons t ruc t ion ,  opera t ion ,  and maintenance of t h e  d i t c h  
must be c a r r i e d  out  i n  a  manner which w i l l  no t  con t r ibu te  
s i g n i f i c a n t l y  t o  downstream sediment loads  o r  on - s i t e  
d e t e r i o r a t i o n  i n  q u a l i t y  of t he  environment. 

Design and cons t ruc t ion  of d i t c h e s  t o  meet t hese  requirements a r e  complex 
jobs, P o s i t i v e  cons idera t ion  of  a l l  f a c t o r s  w i l l  r e s u l t  i n  an improvement t o  
t h e  environment and the  a g r i c u l t u r a l  economy of t h e  a rea  served. Inadequate 
cons idera t ion  of any of t h e  f a c t o r s  l i s t e d  w i l l  r e s u l t  i n  disappointment and 
f i n a n c i a l  l o s s  t o  t he  owners. 

Location 

Drainage d i t c h e s  should be loca ted  t o  provide t h e  most e f f e c t i v e  drainage of 
t h e  a g r i c u l t u r a l  wetland. Topography, e x i s t i n g  d i t c h e s  and d r a i n s ,  br idges ,  
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farm boundaries and o the r  physical f ea tu res  a l l  influence d i t ch  location.  
Natural o u t l e t s  such as  e s tua r i es ,  r i v e r s ,  lakes or  swamps, or  o ld  d i tches  
usual ly  f i x  the  general locat ion of an open d i t ch ,  but the  alignment and e f -  
f i c i ency  of the  channel may be improved by the  use of cu to f f s ,  long tangents, 
and smooth curves. 

Open d i t ches  should terminate i n  an adequate o u t l e t .  The capacity of the 
o u t l e t  must be adequate t o  carry  the design discharge from the  p ro jec t  with- 
out  i t  resu l t ing  i n  s tage  increases which would cause s i g n i f i c a n t  damage 
downstream. This may require  extending t h e  channel improvement fu r the r  down- 
stream. A comparison of a l t e r n a t e  locat ions  of the point  of o u t l e t  may a l so  
be needed. The s tage  of a stream during the  storm when the  drainage system 
i s  discharging a t  the  design r a t e  determines the  adequacy of the stream as  
an o u t l e t .  A study of the frequency of high water s tage  is  needed fo r  large  
streams, lakes,  and t i d a l  waters t o  determine t h e i r  adequacy as an o u t l e t  and 
t o  e s t a b l i s h  the e leva t ion  of the  design hydraulic gradeline fo r  the  open 
d i t ch  a t  the  o u t l e t .  See chapter 2 f o r  more d e t a i l s  regarding the  require-  
ments of o u t l e t s  f o r  ag r icu l tu ra l  drainage systems, 

Channel locat ion under nonerosive condit ions 

Where the  topography i s  f l a t  and s o i l s  and ve loc i ty  a r e  well  within the range 
of condit ions where channel s t a b i l i t y  w i l l  be no problem, alignment changes 
can be made t o  f i t  t he  area. Some f a c t o r s  t o  consider when changing a l ign-  
ment of a d i t c h  are :  ( a )  Stra ight  d i tches  permit rectangular f i e l d s  and 
e f f i c i e n t  farming. (b) A shor ter  channel w i l l  have more slope,  greater  
v e l o c i t y  and l e s s  cross-sect ional  area and w i l l  be l e s s  l i k e l y  t o  accumulate 
sediment than a longer channel between the same terminal points.  (c) Chang- 
ing the  ex i s t ing  locat ion may require  placing the  d i t ch  on higher land, 
cross ing farm boundaries, i s o l a t i n g  p a r t s  of f i e l d s  from the  r e s t  of the 
farm, and i n s t a l l i n g  new bridges and cu lve r t s  not otherwise needed. (d) The 
locat ion may r e s u l t  i n  placing the d i t c h  i n  more o r  l e s s  s t a b l e  s o i l s .  

Channel locat ion under erosive condit ions 

Some drainage d i t ches  may be needed where s i t e  condit ions a r e  l i k e l y  t o  cause 
s t a b i l i t y  problems. Flow veloci ty ,  pos i t ion  of the water t ab le ,  s o i l  texture ,  
s o i l  s t ruc tu re ,  and vegetat ion a re  the p r inc ipa l  f a c t o r s  influencing channel 
erosion. A careful  study of these f a c t o r s  and the  protect ion which may be 
needed should be made before constructing any channel. I f  s ignificant:  ero- 
sion i s  probable, a l t e r n a t e  solutions should be considered. It may be feas i -  
b l e  t o  choose another locat ion using a longer channel on a nonerosive grade; 
t o  loca te  t h e  d i t c h  i n  more s t ab le  s o i l ;  o r  t o  avoid cu to f f s  and s t ra ighten-  
ing of na tu ra l  channels. Use of a wider and shallower channel t o  decrease 
the  hydraul ic  r ad ius  and the  ve loc i ty  i s  a poss ib i l i ty .  

I f  these  a l t e r n a t i v e s  a r e  not f eas ib le ,  grade control  s t ruc tu res  o r  bank pro- 
t e c t i o n  may be needed t o  protect  the  d i t ch .  The pr incipal  p rac t i ces  and 
s t r u c t u r e s  t o  con t ro l  erosion i n  drainage di tches  are:  grade-control s t ruc-  
t u r e s ;  bank protect ion by vegetat ion;  r ip rap ;  j e t t i e s  of p i l i n g  o r  t r ees ;  
tetrahedrons;  brush mats; and continuous pi l ing.  The use of j e t t i e s ,  p i l i n g ,  
and tetrahedrons appl ies  only t o  large  channels. These cos t ly  measures a r e  
not  mormally used on drainage di tches  and when used i n  channels with unstable 
s o i l s  may have a high r a t e  of f a i l u r e ,  



Location of diversion di tches  

Open d i t ches  of ten  serve as  d ivers ions  t o  p ro tec t  land from overflow. Most 
d ivers ion di tches  a re  located near the edges of h i l l y  o r  sloping land, and 
need t o  be deep enough t o  in te rcep t  seepage a s  well  a s  surface flow. kxcava- 
t i o n  from diversions is o f t en  placed t o  form a dike on the  lower s i d e  fo r  
added protection.  Where the  sa fe ty  of levees and dikes depends on adequate 
capacity of the  diversion,  it i s  e s s e n t i a l  t o  inspect  the diversion d i t ch  
regu la r ly  and perform maintenance a s  required t o  keep down undesirable vege- 
t a t i o n  and remove sediment and other  obst ruct ions  t o  flow. Diversion chan- 
n e l s  usual ly  a r e  designed t o  handle the  peak flow storm of a frequency 
ranging from two t o  10 years. Higher protect ion w i l l  be required when flood 
protect ion is  a purpose. Economy i n  channel design r e s u l t s  from designing 
the  main diversion t o  ca r ry  p a r t  of the peak flow and t o  route the  excess 
flow through spillways i n t o  o ther  channels, sloughs o r  overflow areas ,  Often 
the  spil lway may be along sect ions  of a channel having no dike,  or with the 
top of a sec t ion  of the  dike below grade of the  r e s t  of the dike t o  provide 
a fuse plug, This type of construction reduces c o s t s ,  but i s  appl icable  only 
where s i t e  conditions permit the  lower l e v e l  of protection.  

Small surface  water diversions a r e  used f requent ly  i n  farm drainage systems 
t o  prevent surface  waters from adjoining lands from flooding f i e l d s  t o  be 
drained. Deep diversions t o  in te rcep t  ground water a r e  used t o  lower the  
water t a b l e  i n  the  area below the  diversion di tch .  

Layout of d i tches  i n  humid areas  

Ditch systems i n  humid areas  provide o u t l e t s  f o r  farm di tches ,  buried dra ins ,  
in te rcep t ion  di tches  and i r r i g a t i o n  re tu rn  flows. The most common type of 
drainage system constructed by drainage en te rp r i ses  i n  f l a t l a n d  areas  con- 
s i s t s  of a network of l a t e r a l s  or  sub la te ra l s  spaced a t  in te rva l s  which w i l l  
provide each farm and ranch with a dependable o u t l e t .  Where farm u n i t s  a r e  
small, it may not  be feas ib le  fo r  a drainage en te rp r i se  t o  provide a l a t e r a l  
t o  reach each farm and small groups of farmers may need t o  construct  a group 
l a t e r a l  a s  an o u t l e t ,  f  or t h e i r  farm l a t e r a l s .  

Location of drainage di tches  i n  western i r r i g a t e d  lands 

Drainage di tches  i n  western i r r i g a t e d  areas  serve primarily as d isposal  
d i tches  f o r  subsurface dra ins  i n  i r r i g a t e d  areas .  Ditches located perpendic- 
u l a r  t o  t h e  flow of ground water a re  i n s t a l l e d  t o  in te rcep t  subsurface flow 
and a r e  ca l l ed  "interceptor ditches." Ditches located approximately p a r a l l e l  
t o  the  flow of ground water, o r  where the water t ab le  i s  r e l a t i v e l y  f l a t ,  and 
a t  a  depth and spacing required f o r  control  of the  water t ab le ,  a re  ca l l ed  
" r e l i e f  ditches." 

The locat ion of d i tches  i s  usual ly  f ixed by the  i r r i g a t i o n  or canal  system 
and the depth and locat ion of permeable aquifers.  In  i r r i g a t e d  areas  where 
high i n t e n s i t y  r a i n f a l l  occurs, channels a r e  designed t o  serve a s  dual pur- 
pose d i t ches  fo r  the drainage of both surface and ground water. 

Curves i n  d i tches  

Where feas ib le ,  smooth curves should be used f o r  alignment r a the r  than sharp 
bends i n  order t o  improve the  hydraulic property and s t a b i l i t y  of the  ditches.  



Where t h i s  i s  appl icable  the  recommended minimum radius  of curvature may be 
es tabl ished i n  a loca l  drainage guide. 

Often the  bes t  surface  drainage i s  obtained by a d i t ch  following low swales. 
To improve alignment, d i tches  may cut  through minor r i s e s  i n  topography. 
Long tangents and gen t l e  curves f a c i l i t a t e  the  c u l t i v a t i o n  of adjoining f i e l d s  
by el iminating odd-shaped areas.  Where the  design engineer plans t o  e s tab l i sh  
a minimum radius  of curvature, t ab le  5-1, may be of value. This t ab le  has 
been used widely i n  design of group drainage jobs. 

Table 5-1. Suggested minimum radius  of curvature i n  s t a b l e  s o i l  with- 
out bank protect ion 

F a l l  Minimum radius Approximate 
Kind of d i t ches  Per of degree of 

mile curvature curve 

f e e t  f ee t  degrees 

Small d i tches  maximum Under 3 300 
top width 15 f e e t  . . . . 3 t o  6 400 

Medium-sized d i t ches  Under 3 500 
top width 15 t o  35 . , . 3 t o  6 6 00 

Large di tches  (more than Under 3 6 00 
35 top width) . , . . . . 3 t o  6 800 

Problems outs ide  the  range of t ab le  5-1, and i n  erodible  s o i l s ,  require  
spec ia l  design. Sharp changes i n  alignment a r e  needed i n  some locat ions  t o  
decrease waste a rea  i n  f i e lds .  Where t h i s  i s  done, banks should be protected 
t o  prevent erosion. 

Required Capacit ies 

Drainage c o e f f i c i e n t s  

General 
The drainage coef f i c i en t  i s  the  r a t e  of removal of excess water necessary t o  
provide a c e r t a i n  degree of crop protect ion.  Chapter 1 of t h i s  handbook in- 
cludes a general discussion of drainage coef f i c i en t s .  Some drainage coef f i -  
c i e n t s  a r e  fo r  surface  drainage, some f o r  subsurface drainage, and some f o r  
a combination of the  two. Subsurface flow i s  more uniform and extends over 
a longer period of time than surface runoff. In  areas  subject  t o  both excess 
surface  and subsurface water the  subsurface drainage coef f i c i en t  is  usually 
the  smaller of t h e  two. 

In  order t o  give proper consideration t o  the  c h a r a c t e r i s t i c s  of p rec ip i t a t ion  
and runoff the  drainage coef f i c i en t  f o r  surface  drainage i s  usual ly  expressed 
as  a curve, where the  r a t e  of removal per u n i t  of area  v a r i e s  according t o  
the  s i z e  of the drainage area. Drainage coef f i c i en t s  f o r  subsurface drainage 
a r e  usual ly  expressed a s  a c e r t a i n  quant i ty  of water removal from the  drain- 
age a rea  per day. This may be expressed as  inches per day from the  watershed, 
o r  cubic f e e t  per second per square mile. For large  a reas  the  r a t e  may de- 
crease.  Where the  need f o r  both surface and subsurface drainage e x i s t s  i n  a 
watershed, consideration must be given t o  the  requirements of each i n  comput- 
ing the  design capaci ty  f o r  the d i t ch  which serves a s  the common o u t l e t .  



I n  i r r i g a t e d  a r e a s  where t h e  subsurface flow i s  continuous and gene ra l ly  uni-  
form f o r  extended per iods ,  i t  should be considered a s  a  base flow i n  computing 
the  r equ i r ed  capac i ty  of t h e  o u t l e t  d i t ch .  I n  those a reas  where subsurface 
flow i s  t h e  r e s u l t  of p r e c i p i t a t i o n  and i s  i n t e r m i t t e n t ,  t he  requi red  capaci ty  
of t h e  o u t l e t  d i t c h  w i l l  be governed by the  su r f ace  drainage flow. Af t e r  a  
ra ins torm the  sur face  flow u s u a l l y  passes  i t s  peak before  subsurface flow 
begins. I n  both s i t u a t i o n s  t h e  minimum depth of t h e  o u t l e t  d i t c h  w i l l  be de- 
termined by i t s  requi red  depth f o r  subsurf ace  dra inage  of i t s  watershed. Any 
open d i t c h  i n  an a r e a  sub jec t  t o  ra ins torms w i l l  p e r i o d i c a l l y  be subjec ted  t o  
runoff from storms of abnormally high i n t e n s i t y .  The type of a g r i c u l t u r e  and 
o the r  improvements i n  t h e  f lood p l a i n  w i l l  determine the  f e a s i b i l i t y  o f  con- 
s t r u c t i n g  t h e  d i t c h  t o  t he  s i z e  requi red  t o  ca r ry  t h e  runoff from these  ab- 
normally l a rge  rainstorms wi th in  banks. Decisions a r e  made on an evalua t ion  
of damages which would r e s u l t  from overbank flow and t h e  c o s t  of improvements 
which would prevent  it. 

E f f e c t  of  o u t l e t  capaci ty  on s e l e c t i o n  of dra inage  c o e f f i c i e n t  
In  s e l e c t i n g  c r i t e r i a  f o r  design of dra inage  improvements, due cons idera t ion  
must be given t o  the  capaci ty  of t h e  o u t l e t  i n t o  which t h e  drainage d i t ches  
must empty. I n  determining t h e  adequacy of o u t l e t s ,  t h e  following bas i c  r e -  
quirements should be met. 

The capaci ty  of t h e  o u t l e t  should be such t h a t  t he  d ischarge  from 
t h e  p r o j e c t  watershed, a f t e r  t he  i n s t a l l a t i o n  of proposed improve- 
ments, w i l l  no t  r e s u l t  i n  s t a g e  inc reases  t h a t  w i l l  cause s i g n i f i c a n t  
damages below t h e  te rminat ion  of t h e  p r o j e c t  d i t c h .  

The capaci ty  of t h e  o u t l e t  should be such t h a t  t h e  design flow from 
i t s  watershed can be discharged i n t o  it a t  an e l eva t ion  equal  t o  o r  
l e s s  than t h a t  of t h e  termination of t h e  hydrau l i c  g rade l ine  used 
f o r  design of t h e  p r o j e c t  d i t ch .  The des ign  flow from t h e  watershed 
above t h e  o u t l e t  should be determined i n  the  same manner a s  t h e  
des ign  discharge from t h e  p ro j ec t .  The p r o b a b i l i t y  of i n s t a l l i n g  
add i t i ona l  d i t ches  i n  o the r  watersheds which a r e  served by t h e  same 
o u t l e t ,  i n  accordance wi th  watershed o r  r i v e r  bas in  needs, should be 
considered. 

Where t h e  o u t l e t  i s  a channel i n s t a l l e d  by t h e  Corps of  Engineers o r  
o the r  f ede ra l  o r  s t a t e  agency, t he  capac i ty  of t he  p r o j e c t  d i t c h  w i l l  
be governed by the  capac i ty  of t h e  o u t l e t .  C r i t e r i a  f o r  design of 
t he  p ro j ec t  d i t c h  should be comparable t o  t h a t  of the  o u t l e t  i n  such 
cases.  

Where subsurface dra inage  i s  needed, t he  depth of t he  o u t l e t  needs t o  
be such t h a t  subsurface d r a i n s  may d ischarge  f r e e l y  i n t o  mains and 
l a t e r a l s  at: normal low water flow. 

Coef f i c i en t s  f o r  subsurf ace  drainage 
The determination of c o e f f i c i e n t s  f o r  design of subsurface d ra ins  i s  discussed 
i n  Chapter 4 of t h i s  handbook. I n  us ing  these  c o e f f i c i e n t s  f o r  determining 
t h e  requi red  capaci ty  of open d i t ches  which se rve  a s  o u t l e t s  f o r  subsurface 
d ra ins ,  cons idera t ion  must be given t o  t h e  amount of su r f ace  flow en te r ing  the  
d i t ches  a l so .  

In  computing the  subsurface flow from l a r g e  watersheds the  fol lowing po in t s  
should be considered. 



1. Percent of the  watershed on which subsurface dra ins  a r e  i n s t a l l e d ,  
or  which i s  contributing subsurface flow t o  open di tches .  

2. Type of subsurface flow - continuous o r  in te rmi t t en t .  

3. Leaching requirement i n  i r r i g a t e d  areas. 

4. Effects  of p rec ip i t a t ion  on subsurface flow. 

Studies of the  y i e l d  of dra ins  i n  a r i d  and semiarid i r r i g a t e d  areas  ind ica te  
an average flow from areas above one square mile i n  s i z e  t o  be i n  the  range 
of 2 t o  4 c.f.s. per square mile. Factors favoring use of the smaller f igure  
would be l a rge r  areas ,  a subs tan t i a l  por t ion of the  t o t a l  area  not  being 
i r r i g a t e d ,  low t o  moderate leaching requirement, and a d i v e r s i t y  of crops 
which w i l l  r e s u l t  i n  a more uniform r a t e  of i r r i g a t i o n  and therefore  of drain- 
age. Experience i n  the  area,  observation of flow from e x i s t i n g  drainage sys- 
tems, consideration of the  fac to r s  a f fec t ing  flow from subsurface dra ins ,  and 
judgment a r e  needed t o  develop c r i t e r i a  fo r  required capacity of d i tches  f o r  
drainage of large  a reas  of i r r i g a t e d  land i n  a r i d  and semiarid areas. 

Coeff ic ients  f o r  surface  drainage 
Coeff ic ients  f o r  surface  drainage of f l a t l a n d  a r e  usual ly  determined by the  
general  formula 

Q = required capaci ty  of d i t ch  i n  c.f.s. 
C = a coef f i c i en t  r e l a ted  t o  the  c h a r a c t e r i s t i c s  of the watershed 

and the  magnitude of the  storm agains t  which the watershed i s  
t o  be protected 

M = drainage a rea  i n  square miles 

This formula app l i e s  t o  areas where the  na tu ra l  land s lopes  a r e  about 1 per- 
cent  or  l e s s .  The formula may be used f o r  minor por t ions  of s teeper  land i n  
a watershed which i s  predominantly f l a t l and .  

Stream gage records and s tud ies  made of the flow of excess r a i n f a l l  from f l a t -  
land watersheds show t h a t  the  r a t e  of flow, per u n i t  of area ,  decreases as t h e  
t o t a l  area  of the  contr ibut ing watershed increases.  The r a t e  of change, ind i -  
cated by the exponent of M, v a r i e s  somewhat between watersheds, and with the  
i n t e n s i t y  and duration of the storm producing the excess r a i n f a l l .  There i s  
adequate data ,  however, t o  j u s t i f y  the use of the  516 exponent i n  the  formula 
f o r  determining surface  drainage coef f i c i en t s  f o r  a l l  f l a t l a n d  watersheds i n  
t h e  United Sta tes .  

Design flow from uplands i n  the  watershed should be computed by procedures 
covered i n  Section 4 ,  Hydrology, NEH, o r  from applicable h i l l  land drainage 
curves. The design flow from the  watershed can then be determined by adding t o  
computed upland flow the flow of f l a t l a n d  increments computed from drainage 
curves. 

Determination of coe f f i c i en t  "C" f o r  use i n  surface drainage formula. - In  
many areas  of the  country the value of the  coef f i c i en t  f o r  use i n  the general 
formula f o r  surface  drainage, Q = C M ~ / ~ ,  has been determined by many years of 
experience. Values which a r e  r e la ted  t o  the  kind of protect ion needed by 
d i f f e r e n t  types of ag r icu l tu re  and kinds of crops have been determined f o r  



s p e c i f i c  c l imat ic  areas  i n  t h e  country. This experience data  i s  invaluable 
and should continue t o  be used. Figure 5-1 ind ica tes  the  area  where these 
drainage coef f i c i en t s  which a r e  shown i n  f igures  5-2 and 5-3 a re  applicable.  
In  cases where a drainage coef f i c i en t  i s  needed i n  the  area west o f  the  north- 
south dividing l i n e  it should be based on the c h a r a c t e r i s t i c s  of the  watershed 
and crops t o  be grown and somewhat lower than the  coef f i c i en t s  i n  use f o r  
s imi la r  condit ions t o  the e a s t  of the  north-south l i n e ,  

There a r e  some areas ,  though, where the type of ag r icu l tu re  i s  changing, or  
improvements a re  being made i n  the  watershed which indicate  the need f o r  a 
more p rec i se  determination o f  runoff than t h a t  provided by use of the  applica- 
b l e  drainage coeff ic ient .  In  o ther  s i t u a t i o n s  the re  may be a need t o  develop 
a coef f i c i en t  which is adapted t o  the  s p e c i f i c  ileeds of a p a r t i c u l a r  watershed 
and the  experience with s imi la r  condit ions i s  not adequate t o  ind ica te  the 
bes t  c o e f f i c i e n t  t o  use. 

Where t h i s  is the  case the  coef f i c i en t  "C" f o r  the surface  drainage formula 
may be determined by the  following procedure which i s  a combination of the 
recommendations of Stephens and M i l l s  ( I )*  and the  procedures given in  NEH 4, 
Hydrology, fo r  determining runoff r a t e s .  

Values of the  coef f i c i en t  "C" fo r  the  f l a t l a n d  por t ion of the watershed may 
be determined from the  re la t ionsh ip  

C = 16.39 + 14.75 Re Eq. 5-2 

Where "Re1' i s  the  r a i n f a l l  excess i n  inches. See f igure  5-4 f o r  solut ion of 
the above equation. "Re" should be determined i n  accordance with procedures 
i n  NEH 4 ,  Hydrology, Chapter 10. An example of determining "Re" and "C" is  
given on page 5-14. 

In  determining llRel' f o r  f l a t l a n d  watersheds the following fac to r s  should be 
considered. 

It i s  normal, and not necessar i ly  damaging, f o r  water t o  accumulate t o  shal -  
low depths on f l a t l a n d  during in tense  or  extended periods of r a i n f a l l .  Such 
accumulations should extend t o  r e l a t i v e l y  shor t  periods of time, It i s  not 
f eas ib le  t o  contain a l l  runoff within ditchbanks on f l a t l a n d  except fo r  ex- 
tremely low i n t e n s i t y  and shor t  duration storms. The l eve l  of protect ion on 
f l a t l a n d  r e f e r s  t o  the  duration and frequency of storms agains t  which protec- 
t i o n  i s  afforded, t o  the extent  t h a t  flooding t o  the  depth and duration which 
w i l l  cause s ign i f i can t  crop l o s s  w i l l  not  occur. Drainage formulas, with 
c o e f f i c i e n t s  ranging from 15 t o  50, generally provide t h i s  kind of protect ion 
agains t  storms of recurrence frequency of once i n  2 t o  5 years,  depending on 
the  kind of crop. 

I n  determining the  degree of protect ion t o  be provided, the topography and 
s o i l s  need t o  be investigated.  Land which i s  a foot  or two higher receives a 
much higher degree of protect ion than the  land a t  general f i e l d  l e v e l  on which 
channel design i s  based. Lands a t  the  lowest e levat ions  adjoining channels 
f requent ly  a r e  classed as "heavy" s o i l s  and a r c  bes t  sui ted  t o  pas ture  or 
water-tolerant  crops. Often the  "l ighter1 '  s o i l s ,  bes t  sui ted  f o r  row crops, 
l i e  s l i g h t l y  higher i n  elevation.  This i s  usual ly  t r u e  of land b u i l t  up by 
stream overflow. I n  such s i t u a t i o n s ,  channels designed on drainage curves 

* Numbers i n  parentheses r e f e r  t o  references l i s t e d  a t  the end of the chapter. 
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KEY MAP SHOWING DRAINAGE COEFFlClENTS FOR 

USE IN DRAINAGE DESIGN 

F i g u r e  5-1, Key map showing d r a inage  coef f ic ien t s  

f o r  use i n  d r a inage  de s ign  
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with c o e f f i c i e n t s  i n  the  range of 15 t o  30 may provide adequate protect ion f o r  
the lower ly ing lands i n  a watershed and a l s o  provide a much higher degree of 
protect ion fo r  lands which a re  a foot  or  two higher than t h e  design hydraulic 
gradeline.  In  many watersheds, flood routing may be needed t o  determine the 
required channel s i ze .  

A common understanding of "24-hour removal" i s  t h a t  the  r a i n f a l l  excess from 
a p a r t i c u l a r  storm i s  removed from the watershed within 24 hours a f t e r  the 
cessat ion of ra in .  Actually, removal begins a s  soon a s  an excess develops. 
And s ince  the  c r i t i c a l  storm f o r  f l a t l a n d  areas  may occur over an extended 
period of time - of ten  2 or  3 days - the  ana lys i s  f o r  determining the r a i n f a l l  
excess should be made by taking the maximum 48-hour r a i n f a l l  f o r  the  recur- 
rence frequency agains t  which protect ion is  des i red ,  d ivide  the  excess from 
such a r a i n  by two, and use t h i s  value i n  equation 5-2 t o  determine the 
coef f i c i en t  f o r  the surface  drainage formula Eq. 5-1. 

For general  farm crops the  l eve l  of protect ion normally planned i s  from a 
storm of 4 8  hours duration and with a frequency of occurrence of from 2 t o  5 
years ,  For high value  crops with low tolerance t o  excess water,  protect ion 
from the  10-year frequency storm may be des i rable ,  o r  a spec ia l  analys is  may 
be warranted t o  remove, fo r  example, the  excess from a 24-hour r a i n f a l l  i n  a 
24- o r  36-hour period. This w i l l  r e s u l t  i n  higher "C" values. 

Example f o r  computing "C'' values. - Use of the  above described procedure f o r  
computing a "C" va lue  fo r  the drainage formula f i r s t  r equ i res  a decision on 
the  l eve l  of protect ion t o  be provided the  watershed. Then the  character is -  
t i c s  of the  s p e c i f i c  watershed and the l o c a l  c l imat ic  condit ions must be 
considered, Assume t h a t  protect ion i s  t o  be provided agains t  the  maximum 48- 
hour storm of 5-year frequency. For example, U. S. Weather Bureau Technical. 
Paper 49 shows t h a t  i n  southern Louisiana the  5-year, 2-day p rec ip i t a t ion  i s  
about 8.0 inches. I n  t h i s  a rea  the s o i l  type places i t  i n  the  D hydrologic 
s o i l  group (see  NEH 4 ,  Chapter 7). Eighty percent of the  a rea  is  i n  row 
crops having a runoff curve number 82 (contoured and ter raced being used 
f o r  f l a t l a n d )  and 20 percent is i n  permanent meadow having a runoff curve 
number of 78 (NEH 4 ,  Chapter 9 ) .  This g ives  a weighted value of 81, which 
r e s u l t s  i n  5.74 inches of runoff f o r  the  2-day storm (NEH 4 ,  Figure 10.1). 
Use hal f  of t h i s  o r  2.87 inches i n  Equation 5-2 and obta in  a value of 59 
f o r  "C" f o r  use i n  the  formula Q = cbl5I6. 

Computation of d e s i a  flow 

The computation of t h e  t o t a l  design flow a t  a p a r t i c u l a r  point  on a d i t ch  may 
involve combining the  flow from t r i b u t a r i e s  o r  combining the  flow from areas 
i n  the  watershed on which d i f f e r e n t  coe f f i c i en t s  were used t o  compute the  
drainage flow. Methods used t o  combine flows from the  var ious  p a r t s  of any 
watershed should be di rec ted t o  the  ob jec t ive  of providing the desired pro- 
t e c t i o n  f o r  each p a r t  and fb r  the watershed a s  a whole. 

Combining flows from areas  on which d i f f e r e n t  coe f f i c i en t s  a r e  used to  compute 
design flow 
Within a p a r t i c u l a r  watershed there  may be sloping upland, f l a t  bottom land, 
f o r e s t  land, highly developed general cropland, or  even some urban land. The 
c h a r a c t e r i s t i c s  of each d i s t i n c t  type of land and land use within the  water- 
shed determines t h e  coef f i c i en t  t o  be used i n  design of improvements on t h a t  
parcel  of land and i n  computing the  drainage flow from i t .  In order t o  comply 
with one of the  p r inc ip les  of the surface  drainage formula: t h a t  the r a t e  



of removal pe r  u n i t  of a r e a  v a r i e s  according t o  t h e  s i z e  of t he  dra inage  a rea ,  
i t  i s  necessary  t o  maintain t h e  same r e l a t i o n  of t o t a l  flow t o  t o t a l  a r ea  a s  
t h e  formula s p e c i f i e s .  This  can be done w i t h i n  t o l e r a b l e  l i m i t s  by t h e  simple 
device of determining the  acreage of one type of land which by use  of i t s  
proper c o e f f i c i e n t  w i l l  produce t h e  same flow a s  a d i f f e r e n t  acreage of  an- 
o t h e r  t ype  of land us ing  i t s  proper c o e f f i c i e n t .  Then a s  the  add i t i on  of flow 
proceeds downstream i n  a watershed each subsequent determination i s  based on 
t h e  a d d i t i o n  of a r ea  a s  wel l  a s  water.  

Drainage c o e f f i c i e n t s  f o r  s t e e p  and o the r  a r e a s  
Where e s t ab l i shed  drainage c o e f f i c i e n t s  do not  d i r e c t l y  apply t o  s t e e p  and 
o t h e r  a r e a s ,  t h e  drainage c o e f f i c i e n t  should be est imated a f t e r  s tudying t h e  
fol lowing:  

1. Determine the  water t o l e rance  of t h e  predominant crops i n  t h e  a rea  
and a r r i v e  a t  a time f a c t o r  w i th in  which drainage should be provided, 
Determine depth of f looding  permiss ib le  during t h i s  time. 

2 .  Determine volume of runoff f o r  t h e  time per iod ,  determined according 
t o  i tem one, f o r  r a i n f a l l  t o  be expected i n  accordance wi th  the  l e v e l  
of p ro t ec t ion  planned. This  may be a 48-hour r a i n  t o  be expected once 
i n  5 years  f o r  t h e  f i r s t  t r i a l  f o r  genera l  crops.  For procedures t o  
be used i n  computations s e e  s e c t i o n  on t o t a l  storm runoff and peak 
flow and NEH 4 .  

3 .  Estimate t h e  dra inage  c o e f f i c i e n t  from d a t a  obtained under i tems 1 
and 2 from comparison with e s t ab l i shed  dra inage  curves which apply 
t o  condi t ions  most nea r ly  similar. 

4 ,  Determine t h e  hydrograph of runoff f o r  t h e  se l ec t ed  storm. Use t h i s  
hydrograph t o  determine i f  t h e  l i m i t s  of permiss ib le  depth and time 
o f  f looding  a r e  exceeded with t h e  channel capaci ty  a s  est imated un- 
der  i tem 3 .  

5. Adjust  t he  drainage c o e f f i c i e n t  i f  r e s u l t s  appear ou t  of l i n e  with 
drainage requirements. 

Where flow from a stream o r  channel,  which c a r r i e s  runoff from h i l l  
land,  e n t e r s  a d i t c h  designed on a drainage curve, t h e  equiva lent  
watershed a rea  i s  computed and used i n  design a s  described on 
page 5-24. 

Where p ro t ec t ion  of  urban o r  o the r  va luable  proper ty  i s  requi red ,  
t he  design of channels and o t h e r  f a c i l i t i e s  should be based on hold-  
ing  depths of f looding t o  the  l e v e l  which can be t o l e r a t e d  i n  accord 
wi th  t h e  l e v e l  of p ro t ec t ion  se lec ted .  

Determination of drainage c o e f f i c i e n t s  f o r  subsurface drainage i s  described i n  
Chapter 4 of t h i s  handbook. 

Tota l  storm runoff  and peak flow 
In  computing flow from s t e e p  o r  o the r  a r eas  where drainage curves a r e  not  ap- 
p l i c a b l e ,  t he  t o t a l  volume of runoff and t h e  peak flow need t o  be  determined. 

Volume of runoff .  - For approximate r e s u l t s ,  t h e  volume of runoff may be  com- 
puted by t h e  following procedures. These procedures a r e  based on t h e  use  of 



(a)  U. S. Weather Bureau 
United S t a t e s  Department 
i ng  Handbook, Sec t ion  4 ,  

Technical Papers 40, 42, 43, 47, and 49, and (b) 
of Agr icul ture ,  S o i l  Conservation Service Engineer- 
Hydrology. 

The procedures descr ibed  i n  NEH Section 4 should be used f o r  computing vol- 
ume of  runoff based on so i l -cover  groups o r  complexes defined i n  t h e  guide. 
Table 9.1 i n  t h e  handbook p resc r ibes  curve numbers f o r  va r ious  so i l -cover  
groups and f i g u r e  10.1 (ES-1001) i s  a s o l u t i o n  of t h e  runoff equation f o r  
va r ious  curve numbers and amounts of r a i n f a l l .  Hydrologic groups f o r  var ious  
s o i l s  a r e  given i n  t a b l e  7-1. 

These procedures can be used t o  determine t h e  volume of runoff  from a storm 
of a s p e c i f i e d  du ra t ion  and a given frequency. 

The approximate t o t a l  runoff  may be computed a s  fol lows:  

Step 1. 

Step 2. 

Step 3, 

Step 4. 

Step 5. 

Step 6.  

Determine watershed a rea  and a r e a s  of p a r t s  of watershed i n  
v a r i o u s  so i l -cover  groups. 

Se l ec t  runoff removal time f o r  drainage based on l o c a l  crops 
and a r e a  t o  be protected.  Normally t h e  24-hour du ra t ion  
storm i s  used. 

S e l e c t  r a i n f a l l  in tens i ty- f requency cha r t .  R a i n f a l l  in ten-  
s i ty- f requency c h a r t s  i n  Weather Bureau Technical Bu l l e t in s ,  
Paper 40, 42, 43, 47 o r  4 9 ,  whichever i s  app l i cab le ,  should 
be used. 

Determine r a i n f a l l  t o  be used from t h e  s e l e c t e d  r a i n f a l l  
i n t e n s i t y  frequency c h a r t ,  according t o  t h e  l o c a t i o n  of t h e  
job. 

Se l ec t  curve number t o  be used f o r  each so i l -cover  group. 
U s e  Table 9.1, NEH 4 ,  with  antecedent  mois ture  condi t ion  I1 
f o r  u sua l  design.  

Tabulate d a t a  i n  columns and compute t o t a l  runoff .  

L i s t  and desc r ip t ion  of columns needed: 

Area of each so i l -cover  group-- 
square mi les  ( t a b l e  9.1, NEH 4)  

Land use o r  cover--row crops,  
small  g ra in ,  woods, e t c .  ( t a b l e  9.1, NEH 4 )  

Treatment of p r a c t i c e - - s t r a i g h t  
row, contoured, e t c .  ( t a b l e  9.1, NEH 4 )  

Hydrologic condi t ions ,  good 
o r  poor ( t a b l e  9.1, NEB 4) 

Hydrologic s o i l  group, A, 
B,  C ,  o r  D ( t a b l e  7.1, NEH 4)  



f .  Curve No. ( t a b l e  9.1 and f i g u r e  10.1, ES-1001), NEH 4 ,  
Hydrology 

g. Storm runoff  i n  inches (from se l ec t ed  runoff curve number 
and r a i n f a l l  a s  determined i n  s t e p  4 ) .  

h. Storm runoff  from each so i l -cover  group obtained by 
mul t ip ly ing  column above by a r e a  square mi l e s  ( r e s u l t  
i n  inch-miles).  

Step 7, Add column obtained i n  item h above t o  ob ta in  t o t a l  storm 
runoff from watershed i n  inch-miles . 

Step  8. Divide by watershed a rea  (square mi les)  t o  ob ta in  volume of 
runoff i n  inches f o r  watershed f o r  storm period.  

Example us ing  t h e  above procedure t o  determine t h e  volume of runoff .  - - 
Step 1. The a rea  f o r  which the  volume i s  t o  be determined is  5 square 

mi l e s  of f l a t l a n d  loca ted  where Texas, Arkansas, and Louisiana 
join.  The runoff curve numbers and t h e  s o i l  cover groups a s  
c l a s s i f i e d  i n  t a b l e  9.1 a re :  

C O V E R  
: Hydrologic S o i l  Group 

Area Treatment Hydrologic : A B c D 
Land Use Sq.Mi. o r  P r a c t i c e  Condition . 
Rowcrops 2.0 Contoured Good : 7 5 
Row crops 1.0 Contoured Good : 8 2 
Pas tu re  1 .O F a i r  : 7 9 
Woods 1.0 Poor : 66 

Step  2. 

S tep  3.  

Step 4. 

Step 5. 

Step 6. 

The time e s t ab l i shed  t o  d r a i n  t h e  composite a r ea  i s  24 hours. 

A 24-hour, 5-year storm i s  se lec ted .  

Using Weather Bureau Technical Paper 40, t he  r a i n f a l l  from a 
5-year, 24-hour storm i n  the  a r e a  i s  5.8 inches.  

The curve numbers t o  be used f o r  each s o i l  cover group us ing  
hydrologic cond i t ion  I1 a r e  se l ec t ed  from t a b l e  9.1 and a r e  
shown i n  s t e p  1 under Hydrologic S o i l  Groups. 

Using r a i n f a l l  determined i n  s t e p  4 the  t o t a l  runoff i s  de t e r -  
mined from ES-1001 a s  fol lows:  

Curve No. Runoff, inches Area, sq.mi. Inch Miles 

Step 7. Tota l  5 15.81 



Step 8. Inches pe r  square mi le  15.81 = 3.16 inches.  
5 

Peak runoff and hydrographs. - The peak runoff  may be es t imated  by one of t he  
methods described i n  NEH 4 .  The method t o  be used depends upon t h e  accuracy 
and expense j u s t i f i e d  i n  making t h e  requi red  determination.  NEH 4 d iscusses  
both approximate and d e t a i l e d  methods of es t imat ing  peak runoff and construc- 
t i o n  of hydrographs . 

Design Standards 

Requirements f o r  s i d e  s lopes ,  berm widths and maximum v e l o c i t i e s  of drainage 
d i t c h e s  a r e  based p r imar i ly  on water t a b l e  e l eva t ions ,  s o i l  condi t ions  and 
maintenance requirements. These and o the r  design s tandards  a r e  e s t ab l i shed  
i n  most S t a t e  handbooks and l o c a l  dra inage  guides. 

Channel design 

Determination of  requi red  channel dimensions f o r  a given r a t e  of flow (Q) , 
hydrau l i c  g rad ien t  ( s ) ,  and channel roughness (n) i s  u s u a l l y  made by a solu-  
t i o n  of t h e  Manning equation t o  determine t h e  mean v e l o c i t y  (v) arid by use of  
t h e  r e l a t i o n :  Q = Av where Q = r a t e  of flow i n  cubic f e e t  pe r  second, A = 
c ross - sec t iona l  a r ea  of the channel i n  square f e e t .  The Manning equation i s  
u s u a l l y  w r i t t e n :  

Eq. 5-3 (2) 

v = mean v e l o c i t y  of water  i n  f e e t  per  second 
r = mean hydrau l i c  r ad ius  i n  f e e t  - c ross - sec t iona l  a r ea  of  

t h e  channel d iv ided  by i t s  wetted perimeter  
s = t h e  energy l o s s  p e r  foot  of length  and fo r  open channels wi th  

ve ry  s m a l l  s l opes  i t  may a l s o  be defined a s  t h e  s lope  of  t he  
energy gradient .  For uniform flow, s is  a l s o  t h e  drop i n  t h e  
channel p e r  f o o t  of length,  and f o r  very  small s lopes  it be- 
comes n e a r l y  equal  t o  t he  s lope  o f  t h e  channel.  

n = c o e f f i c i e n t  of roughness f o r  use  i n  t he  Manning equation.  

Value of  "n" f o r  des ign  

The proper design of a d i t c h  r equ i r e s  t he  s e l e c t i o n  of t he  va lue  of "n", t h e  
c o e f f i c i e n t  of roughness t h a t  w i l l  e x i s t  a f t e r  it i s  i n  use  and wel l  main- 
ta ined .  A u se fu l  guide f o r  t he  s e l e c t i o n  of "n" f o r  t h e  des ign  of drainage 
d i t c h e s  i s  given i n  t a b l e  5-2. 

Table 5-2.--Value of "n" f o r  dra inage  d i t c h  des ign  

Hydraulic r ad ius  I 1  I I  n 

l e s s  than  2.5 
2.5 t o  4.0 
4.0 t o  5.0 
more than  5.0 

These va lues  a r e  an i n t e r p r e t a t i o n  of r e s u l t s  repor ted  i n  United S t a t e s  De- 
partment of Agr icul ture  Technical B u l l e t i n  129, Flow of Water i n  Drainage 
Channels, 1929. (Also r e f e r  t o  t h e  U. S. Department of Agr icul ture ,  S o i l  



Conservation Service,  Engineering Handbook, Sect ion 5,  Hydraulics ,  Supplement 
B.) Values h e r e  a r e  based on t h e  assumption t h a t  obs t ruc t ing  vege ta t ion  i n  
channels w i l l  be kept  down by maintenance. I f  vege ta t ion  i s  not  kept  down, 
t h e  va lue  of  "n" may be 0.100 o r  h igher .  

In  newly excavated channels t h e  va lues  of "n" a r e  lower and v e l o c i t i e s  h igher  
than des ign  va lues .  Where t h e  design v e l o c i t y  i s  near  an eros ive  va lue ,  t h i s  
may need t o  be s tudied  and c o r r e c t i v e  measures planned. The v e l o c i t y  may be 
lowered wi th in  narrow l i m i t s  by making a d i t c h  wider and shallower. Excava- 
t i o n  may be  planned during t h e  growing season and banks may be seeded t o  
avoid exposure of raw banks unnecessari ly.  

Channel s e c t i o n  
The channel s ec t ion  se l ec t ed  should be (a)  l a r g e  enough t o  permit t h e  requi red  
discharge,  (b) a s  deep a s  requi red  t o  provide a s a t i s f a c t o r y  o u t l e t  f o r  both 
su r f ace  and subsurface drainage needs of t h e  a r e a  served,  and (c)  of a  width- 
depth r a t i o  and s i d e  s lopes  which w i l l  r e s u l t  i n  a s t a b l e  channel which can be 
maintained i n  a  s a t i s f a c t o r y  condi t ion  a t  a  reasonable cos t .  

Depth. - The minimum depth of d i t c h e s  a c t i n g  a s  d i sposa l  d i t ches  f o r  subsur- 
face  d r a i n s  un le s s  otherwise s p e c i f i e d ,  should be about 5 f e e t  i n  t h e  humid 
a rea  and 8 f e e t  i n  western i r r i g a t e d  areas .  Drainage guides should spec i fy  
depth standards.  

Bottom width. - Capacity requi red ,  s o i l  m a t e r i a l s ,  v e l o c i t y  and t h e  type of 
cons t ruc t ion  equipment t o  be used a r e  f a c t o r s  which a f f e c t  t h e  minimum bottom 
width which should be planned. Excessively wide and shallow d i t c h e s  a r e  no t  
h y d r a u l i c a l l y  e f f i c i e n t  and a r e  u sua l ly  more d i f f i c u l t  t o  maintain than a r e  
d i t c h e s  wi th  a  more e f f i c i e n t  hydrau l i c  sec t ion .  

Side slopes.  - Side s lopes  t o  be recommended f o r  l o c a l  s i t e  condi t ions  should 
be s p e c i f i e d  i n  drainage guides f o r  t he  area .  The s i d e  s lope  of o ld  d i t c h e s  
should be examined t o  determine t h e i r  s t a b i l i t y  i n  t h e  usual  s o i l  types.  

Maintenance requirements a l s o  should inf luence  t h e  s e l e c t i o n  of s i d e  s lopes.  
Ditch s i d e  s lopes  which may be used with va r ious  maintenance methods a r e  given 
i n  t a b l e  5-3. 

Table 5-3.--Ditch s i d e  s lopes  f o r  use with va r ious  maintenance methods 

: Usual 
Type of : Recommended : 

R e m a r k s  
Maintenance : Minimum : 

: Side Slopes : 

Mowing 3 : l  F l a t t e r  s lopes  d e s i r a b l e  f o r  ord inary  farm 
wheeled t r a c t o r s .  Special  equipment may 
be used on s t eepe r  s lopes  (see p. 5-50). 

Grazing 2 : l  
o r  f l a t t e r  

112: 1 
o r  f l a t t e r  

Dragline 1:l 

Blade equipment 3 : l  

For d i t c h e s  g r e a t e r  than 4 f e e t  deep, 
use ramps. 
For d i t c h e s  l e s s  than 4 f e e t  deep, use  
ramps. 

Su i t ab le  f o r  use  i n  s t a b l e  s o i l s  on d i t c h e s  
g r e a t e r  than 4 f e e t  deep. 

F l a t t e r  s lopes  des i r ab le .  



I n  l o c a t i o n s ,  where f i e l d  l a t e r a l s  a r e  used f o r  subsurface drainage,  t he  deep 
d i t c h e s  r equ i r e  s o  much right-of-way t h a t  di tchbanks need t o  be constructed 
wi th  s i d e  s lopes  a s  s t e e p  a s  poss ib l e  t o  conserve land. Such d i t c h e s  may jus-  
t i f y  an o n - s i t e  s tudy t o  determine t h e  n a t u r a l  angle of  repose of the  s o i l  and 
t o  observe o ld  d i t c h e s ,  so  t h a t  s t a b l e  s i d e  s lopes  can be determined. Water 
must not  be allowed t o  run over t he  banks of t h e  deep d i t ches .  

S t a b i l i t y  of bank s lopes  on noncohesive s o i l s  such a s  f i n e  sands a r e  u sua l ly  
no t  obtained immediately a f t e r  i n i t i a l  excavation because o f  sloughing from 
seepage before  the  normal water t a b l e  recedes t o  new l e v e l s .  Construct ion pro- 
cedure may r e q u i r e  an e a r l y  followup t o  reshape the  banks. It may be d e s i r a b l e  
on some jobs t o  r e q u i r e  i n i t i a l  excavation of a p i l o t  channel of l e s s e r  width 
than t h e  designed s e c t i o n  and l a t e r  completion of t h e  excavation and t h e  shap- 
i ng  of  t h e  banks. This  w i l l  allow t h e  water  t a b l e  t o  become adjus ted  t o  t h e  
deeper d i t c h  before  the  f i n a l  shaping. 

Ditch s t a b i l i t y .  - The v e l o c i t y  s e l ec t ed  f o r  t h e  d i t c h  design may be accepta-  
b l e  f o r  t h e  depth of flow and the  condi t ion  expected a f t e r  t h e  channel has  aged 
but  t h e  v e l o c i t y  must be a l s o  s a t i s f a c t o r y  f o r  bank-fu l l  flow and the  condi- 
t i o n s  which w i l l  e x i s t  immediately a f t e r  cons t ruc t ion .  Bank-full flow i s  t h e  
flow t h a t  w i l l  c r e a t e  a  water sur face  a t  o r  near  t h e  normal ground e l eva t ion  
f o r  a  s i g n i f i c a n t  length  of a  reach of  t h e  d i t ch .  Excess d i t c h  depth r e s u l t i n g  
from a c u t  through h igh  ground i s  not  considered. 

Reconmended procedures f o r  designing s t a b l e  channels a r e  given i n  SCS, En- 
g inee r ing  Division,  Technical Release No. 25 ,  Planning and Design of Open 
Channels. 

Berms and s p o i l  banks. - Adequate berms a r e  requi red  t o :  

1. Prevent s loughing of di tchbanks caused by heavy s o i l  loads 
too  near  t h e  edge of the  d i t ch .  

2. Provide travelways f o r  maintenance equipment. 

3.  Eliminate t h e  need f o r  moving s p o i l  banks i n  f u t u r e  operat ions.  

4. Provide f o r  work areas  t o  f a c i l i t a t e  s p o i l  bank spreading. 

5. To prevent  excavated ma te r i a l  from washing o r  r o l l i n g  back 
i n t o  d i t ches .  

I f  t h e  s p o i l  banks a r e  t o  be spread t h e  berm requi red  during cons t ruc t ion  and 
t h e  method of spreading t h e  s p o i l  need t o  be spec i f i ed  i n  t h e  cons t ruc t ion  
c o n t r a c t ,  The b e s t  use  of t he  s p o i l  and how f a r  i t  can be spread a r e  de t e r -  
mined by the  type  of  excavated s o i l ,  the  ad jacent  land  use , the  need f o r  roads ,  
and t h e  method of maintenance t o  be employed, In some loca t ions  s p o i l  can be 
shaped and used t o  good advantage f o r  farm roads. In  a l l  ca ses  a  travelway 
should be e s t ab l i shed  on t h e  berm o r  on t h e  spread s p o i l  which i s  adequate f o r  
movement and ope ra t ion  of t h e  type of equipment needed fo r  maintenance of t he  
d i t c h .  

I n  humid a reas ,  t h e  s p o i l  banks usua l ly  should be spread so they can be c u l t i -  
va ted  o r  kept  i n  hay o r  pas ture .  The s p o i l  should be spread t o  s lope  away 
from the  d i t c h  and l e f t  so ordinary farm equipment may ope ra t e  over t h e  s p o i l .  



Spoi l  banks should not  be spread where i n f e r t i l e  s o i l s ,  rock, gravel ,  o r  i r r i -  
ga t ion  p r a c t i c e s  do not  permit c u l t i v a t i o n  of s p o i l  m a t e r i a l ,  o r  where they 
w i l l  be covered with timber o r  brush. Where not  spread,  the  s p o i l  bank should 
be i n  a s  small  a  right-of-way a s  poss ib l e  c o n s i s t e n t  with berm requirements ,  
and s i d e  s lopes  should be a s  s t e e p  a s  t h e  s o i l  permits .  Where unproductive 
s o i l s  occur a t  lower depths i n  l a r g e  d i t c h e s ,  t h e  good s o i l  should be segre-  
gated dur ing  cons t ruc t ion ,  and then spread t o  use  i t  t o  b e t t e r  advantage. 
F e r t i l e  s p o i l  may be used f o r  land grading,  smoothing, o r  land l eve l ing  i n  
ad jacent  f i e l d s  o r  a s  t o p s o i l  of t h e  s p o i l  banks. 

Safe e n t r y  of sur face  water through t h e  s p o i l  i n t o  t h e  d i t c h  should be provided. 
I n  p l ac ing  and spreading the  s p o i l ,  po in t s  of  e n t r y  and type of i n l e t  s t r u c t u r e  
t o  be used need t o  be determined. 

Spoi l  m a t e r i a l  should be disposed of i n  a  manner which w i l l  improve the  e s the t -  
i c  appearance of t he  s i t e  t o  the ex ten t  f e a s i b l e .  

I n  a reas  where s o i l s  and c l i m a t i c  condi t ions  a r e  favorable,  p l an t ing  of hay o r  
pas tu re  c rops  on berms, travelways and s p o i l  d i sposa l  a reas  i s  good p rac t i ce .  
On s u i t a b l e  s i t e s ,  p l an t ings  should be made f o r  s h e l t e r  and food f o r  w i l d l i f e .  
When t h e  p l a n  provides f o r  p l a n t i n g  t r e e s  o r  shrubs along a d i t c h  t h e  p l an t ings  
should be placed so t h a t  they w i l l  no t  i n t e r f e r e  with channel flow, maintenance 
ope ra t ions ,  o r  the  maintenance travelway. 

Local t echn ica l  guides should recommend d e s i r a b l e  types of vege ta t ion  and 
methods o f  establ ishment s ince  vege ta t ion  i s  of primary importance i n  reducing 
maintenance and preserva t ion  of w i l d l i f e .  

Design Procedure 

General 

The bas i c  procedure f o r  drainage d i t c h  design inc ludes  the  following: 

Check a l l  bas i c  f i e l d  information such a s  f i e l d  e l eva t ions ,  con- 
t r o l  po in t s ,  s o i l  bor ings ,  br idge  foo t ing ,  e t c .  f o r  completeness. 
Also check the  e l eva t ion  of t h e  water i n  t he  o u t l e t .  A s tage-  
frequency curve should be obtained wherever poss ib le .  

E s t a b l i s h  con t ro l  po in t s  and s e t  hydrau l i c  gradel ine  f o r  design.  

Determine watershed a r e a s  and equiva lent  watershed a reas  i f  r e -  
qu i r ed  a t  t h e  lower ends of s e l ec t ed  design reaches. 

Compute design discharge i n  c . f . s .  f o r  t h e  lower end of each reach. 

S e l e c t  and record appropr ia te  des ign  c r i t e r i a  inc luding  va lues  
of "n", s i d e  s lopes ,  minimum bottom width,  and minimum depth 
below hydraul ic  gradel ine .  

Design d i t c h  sec t ion  below the  e s t ab l i shed  hydraul ic  gradel ine .  

I n  applying t h i s  procedure seve ra l  problems a r i s e  such a s  combining flow from 
d i f f e r e n t  types  of watershed a r e a s  and a t  junct ions  of d i t ches ,  a t  c u l v e r t s  
and bridges.  This  chapter  d i scusses  methods of handling these  s i t u a t i o n s .  



Drainage d i t c h e s  should be designed t o  pass  t h e  design dra inage  flow through- 
o u t  t h e  length  of t h e  d i t c h  with the  hydrau l i c  g rade l ine  s u f f i c i e n t l y  below 
t h e  e l e v a t i o n s  of land  t o  provide good drainage.  The hydrau l i c  gradel ine  
r ep resen t s  t he  su r f ace  of t he  water when the  d i t c h  i s  opera t ing  a t  design flow. 
I t s  s lope  "s" i s  used i n  t h e  Manning formula t o  determine v e l o c i t y .  The grade 
of t h e  d i t c h  bottom may have a d i f f e r e n t  va lue  because t h e  d i t c h  bottom i s  not  
always p a r a l l e l  t o  t h e  hydrau l i c  gradel ine .  

Uniform flow i s  o r d i n a r i l y  assumed i n  t h e  des ign  of dra inage  channels except 
above c u l v e r t s  and a t  l oca t ions  where t h e  design r equ i r e s  backwater computa- 
t i ons .  With these  exceptions the  d i t c h  bottom may be e s t a b l i s h e d  p a r a l l e l  t o  
t h e  hydrau l i c  g rade l ine  and a uniform channel  s ec t ion  used. Even though non- 
uniform flow r e s u l t s  where minor obs t ruc t ions  occur o r  where minor l o c a l  
dra inage  e n t e r s  it is  of  l i t t l e  p r a c t i c a l  s ign i f i cance  and t h e  general  e f f i -  
ciency of t h e  system i s  no t  impaired. 

The Manning formula is  recommended f o r  open-ditch des ign  because of i t s  s i m -  
p l i c i t y  and range of  t a b l e s  ava i lab le .  The Corps of  Engineers pub l i ca t ion ,  
Hydraulic Tables,  permi ts  an easy and r a p i d  s o l u t i o n  of t h e  Manning formula 
f o r  va lues  of "n" from 0.010 t o  0.175. These t a b l e s  may be bought from t h e  
United S t a t e s  Government P r in t ing  Off ice ,  Washington, D. C. 20401: 

Es t ab l i sh ing  t h e  hydrau l i c  gradel ine  

The hydrau l i c  g rade l ine  i s  e s t ab l i shed  a f t e r  determining land use ,  t h e  eleva-  
t i o n  of con t ro l  p o i n t s  along the  d i t c h ,  and p l o t t i n g  t h e  c o n t r o l  po in t s  on t h e  
d i t c h  p r o f i l e .  Usually con t ro l  po in t s  a r e  e s t ab l i shed  below t h e  e l eva t ion  of 
p r i n c i p a l  f i e l d s  so they  can be adequately drained and a t  hydrau l i c  gradel ines  
of  l a t e r a l  d i t c h e s  o r  streams en te r ing  t h e  d i t c h ,  Where it i s  imprac t ica l  t o  
e s t a b l i s h  con t ro l  p o i n t s  low enough t o  d r a i n  t h e  land ,  t h e  land use  may need 
t o  be adjus ted  t o  more water - to lerant  c rops ,  such a s  pas tu re  o r  t r e e s ,  The 
con t ro l  po in t s  a r e  e s t ab l i shed  low enough t o  al low f o r  headloss  by sur face  
flows from the  f i e l d  through the  bottom of t h e  row furrows and su r f ace  d ra ins  
t o  t h e  o u t l e t .  

Addit ional  con t ro l  p o i n t s  a r e  determined from c u l v e r t s ,  b r idges ,  bu i ld ings ,  
roads,  and o the r  proper ty  wi th in  the  a rea  t o  be drained.  The hydrau l i c  grade- 
l i n e  i s  drawn through o r  below a s  many con t ro l  po in t s  a s  poss ib l e  based on 
t h e i r  importance and a f t e r  s tudying (a)  t h e  p r o f i l e  of t h e  n a t u r a l  ground sur -  
face ,  (b) c r i t i c a l  e l eva t ions  e s t ab l i shed  by surveys, and (c)  channel obstruc-  
t i o n s  such a s  c u l v e r t s  and bridges.  

The hydrau l i c  g rade l ine  o f t e n  i s  drawn above some c o n t r o l  po in t s  t o  save exca- 
va t ion .  The importance of con t ro l  po in t s  depends on t h e  a g r i c u l t u r a l  a r ea  o r  
proper ty  va lues  they represent  and on the  ex ten t  and r e s u l t s  of poor drainage 
i f  t h e  hydraul ic  g rade l ine  i s  above t h e  con t ro l  poin t .  A l l  c o n t r o l  po in t s  
r ep resen t ing  the  e l eva t ions  of  the  hydrau l i c  gradel ine  of  l a t e r a l  d i t c h e s  mus t  
be e s t ab l i shed  and used i n  drawing i n  t h e  hydraul ic  g rade l ine  of t h e  main 
d i t ch .  The hydrau l i c  gradel ine  of t h e  main and a l l  l a t e r a l s  should coinc ide  
a t  po in t s  of i n t e r s e c t i o n  before the  d i t c h  s e c t i o n s  a r e  designed. 

Where t h e  hydrau l i c  g rade l ine  needs t o  be e s t ab l i shed  above t h e  l e v e l s  of low- 
l y i n g  land,  such land w i l l  no t  r ece ive  t h e  same degree of  dra inage  b e n e f i t  a s  
f i e l d s  l y i n g  above t h e  hydraul ic  gradel ine .  This  may l i m i t  t h e  land use of 
lowland t o  crops such a s  hay, pas tu re ,  o r  woodland. Lower dra inage  assessments 
may need t o  be placed because of t he  l i m i t a t i o n s  i n  land use. Es t ab l i sh ing  t h e  



b e s t  hydrau l i c  gradel ine  f o r  good economical drainage r equ i r e s  p r a c t i c a l  ex- 
perience.  Pe r f ec t ion  i n  t h i s  should be a major goal  of a  drainage engineer ,  
Drawing a l i n e  through the  c o n t r o l  po in t s  on t h e  p r o f i l e  f i x e s  t he  hydraul ic  
gradel ine .  It w i l l  o f t en  need t o  be drawn more than once t o  ob ta in  the  b e s t  
balanced r e s u l t s .  

The des ign  of a  drainage system may begin a t  e i t h e r  t h e  upstream o r  downstream 
end. The e l eva t ion  of t he  hydrau l i c  gradel ine  f o r  t h e  lowest design reach 
needs t o  be a t  t h e  c o n t r o l l i n g  e l eva t ion  of t h e  o u t l e t .  For many d i t c h e s ,  i t  
makes l i t t l e  d i f f e rence  where t h e  design commences. Where the re  i s  l imi t ed  
grade it may be necessary t o  use  br idges  i n  l i e u  of c u l v e r t s  t o  minimize head 
l o s s  a t  s t r u c t u r e s .  

Computing d i t c h  s i z e s  a t  junct ions  - 20-40 r u l e  

One method of computing the  requi red  capaci ty  of a  d i t c h  below a junct ion  is  
t o  add t h e  design flows (c.f.  s . )  of t h e  two d i t c h e s  above the  junct ion.  A 
second method i s  t o  add t h e  t r i b u t a r y  a reas  of t h e  two d i t ches  and compute t h e  
s i z e  based on the  drainage c o e f f i c i e n t  f o r  t h e  t o t a l  watershed area .  The f i r s t  
method g ives  a h igher  discharge than the  second method. Method 1 should be 
used where d i t c h e s  dra in ing  almost equal a r eas  jo in .  Here the  time of concen- 
t r a t i o n  i s  l i k e l y  t o  be about t h e  same i f  topography i s  t he  same and peak flows 
o r d i n a r i l y  w i l l  reach the  junct ion  a t  about t h e  same time. Method 2 i s  used 
where t h e  d i t c h  dra in ing  a small  a r ea  jo ins  a  d i t c h  t h a t  i s  much l a r g e r .  This  
i s  because t h e  peak discharge from the  small d i t c h  passes  before the  peak flow 
of t h e  l a r g e r  d i t c h  reaches t h e  junct ion.  For in termedia te  condi t ions  a t r an -  
s i t i o n  from one method t o  t h e  o the r  should be applied.  

A recommended method f o r  determining the  design d ischarge  below a junct ion i s  
by use of t h e  following empir ica l  procedure termed t h e  20-40 ru l e :  

1. Where t h e  t r i b u t a r y  a r e a  of one of t h e  d i t c h e s  i s  from 40 t o  50 
percent  of the  t o t a l  t r i b u t a r y  a rea ,  determine t h e  requi red  ca- 
p a c i t y  of t h e  channel below the  junct ion  by adding t h e  requi red  
des ign  c a p a c i t i e s  of t h e  d i t c h e s  above the  junct ion,  

2. Where t h e  watershed a r e a  of a  l a t e r a l  is l e s s  than 20 percent  of  
t h e  t o t a l  watershed a rea ,  determine the  design capaci ty  of t he  
d i t c h  below t h e  junct ion  from t h e  drainage curve and f o r  t h e  t o t a l  
watershed a rea  below t h e  junct ion a t  t he  end of the  design reach. 

Where the  watershed a r e a  of a  l a t e r a l  is i n  t h e  range of 20 to  40 
percent  of t h e  t o t a l  watershed a r e a ,  t h e  d ischarge  s h a l l  be pro- 
port ioned from the  smal ler  d ischarge  obtained by use of method 2 
a t  20 percent  t o  t h e  l a r g e r  d ischarge  obtained by use of method 1 
a t  40 percent .  I n  t h i s  range compute the  d ischarges  by both 
methods 1 and 2 above and ob ta in  the  d i f f e r e n c e  i n  c f s  by t h e  two 
methods, Then i n t e r p o l a t e  t o  ob ta in  t h e  des ign  discharge f o r  t h e  
channel below the  junct ion .  

I l l u s t r a t i n g  t h i s ,  assume t h a t  a  l a t e r a l  d ra in ing  3,200 a c r e s  j o i n s  an o u t l e t  
dra in ing  10,200 a c r e s  above t h e  junct ion  wi th  13,400 a c r e s  watershed a r e a  
below t h e  junct ion.  A curve developed from t h e  formula Q = 45 M 5/6  i s  t o  be 
used t o  c a l c u l a t e  runoff .  Since the  watershed a rea  of t h e  l a t e r a l  is between 
20 and 40 percent  of t he  t o t a l  watershed, t he  flow w i l l  be computed as fol lows:  



. . . . . . . . . . . .  Step 1, Runoff from 3,200 acres 170 c.f .s .  . . . . . . . . . . .  Runoff from 10,200 acres  460 c.f.S. . . . .  Total  discharge from the two watersheds 630 c . f , s .  

Step 2. Runoff from t o t a l  watershed 13,400 acres  . . .  580 c.f.s. 

. . . . . . . . . .  Step 3. Subtract  s t e p  2 from s tep  1 50 c , f . s .  

Step 4. Percent of small watershed (3,200 acres)of t o t a l  watershed 

(13,400 acres)  i s  3200 x 100 = 23.8 percent. 
13400 

Step 5. Difference between 23.8 and 20 = 3.8. 

3*8 x LOO = 19 percent. Step 6. 20 

Step 7. From s tep  3 ,  50 x 19 percent = 9.5. 

Step 8. Add 580, from s tep  2, and 9.5, from s tep  7 . . 589 

This i s  the  f i n a l  in terpola ted  discharge from t h i s  watershed below the 
junction. 

NOTE: Computations i n  method 2 assume a shor t  design reach below the  junc- 
t ions  with no increase i n  watershed a rea  below the  junction. Often 
the design reach may be long enough t o  requ i re  an added discharge 
from the  a rea  below the junction. 

If the  20-40 r u l e  increases the d i t ch  sect ion above normal f o r  the watershed, 
the  enlarged sect ion i s  ca r r i ed  downstream without changing s i z e  u n t i l  addi- 
t i o n a l  watershed requires  a larger  d i t ch  sect ion based on t o t a l  watershed area. 

In the  example of design, f igure  5-9 and t a b l e  5-4, method 3 i s  i l l u s t r a t e d  a t  
s t a t i o n  360+00 where l a t e r a l  A has a watershed of 37.5 percent of the t o t a l  
and the  design discharge i s  obtained by in terpola t ion.  Latera ls  B, C ,  D and 
E have watershed a reas  l e s s  than 20 percent of the  t o t a l  watershed area  below 
the  respect ive  junctions. Here, method 2 with design Q based on watershed 
areas  below the junction applies.  

Computing equivalent  drainage area  

When runoff i s  removed a t  d i f f e r e n t  r a t e s  on var ious  p a r t s  of the watershed it 
w i l l  be necessary t o  f ind e i t h e r  equivalent areas  or  equivalent  discharge so 
the  correct  design capacity can be ca r r i ed  downstream without confusion. This 
can bes t  be done by compiling drainage coef f i c i en t  curves based on t o t a l  d is -  
charge f o r  the  a rea  r a t h e r  than by discharge per square mile. Such curves a re  
shown i n  f igure  5-5. Equivalents can be read d i r e c t l y  from these curves. 

Example of use: (based on f igure  5-5) 

2,000 acres  of land requir ing the  curve developed from Q = 45 M 5/6 joins 
1,000 acres  of land requir ing the  curve developed from Q = 22% M 5/6 

It w i l l  be necessary t o  convert t o  e i t h e r  Q = 45 M 5/6 or  Q = 22% M 5 / 6  
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Figure 5-5, Drainage runoff curves  
f o r  sample dra inage  d i t c h  des ign  



depending on the use below the junction. This i s  found t o  be predominantly 
land use requir ing runoff removal r a t e  of Q = 45 M 516. The discharge from 
1,000 ac res  on Q = 22-5; M 516 i s  32.5 c .  f .  s .  This i s  equivalent t o  425 acres  
on the Q = 45 M 5/6 curve. Hence, we would assume a t o t a l  watershed below the 
junction of 2,000 acres p lus  425 ac res  which equals 2,425 acres. The t o t a l  
discharge from 2,425 acres  on the  Q = 45 M S f 6  curve (considering the  20-40 
r u l e  given on page 5-23) i s  found t o  be 140 c.f .s .  Therefore, 140 c.f .  s .  i s  
the  design flow below the  junction. 

Flow from reservoirs  i n t o  drainage systems 

In  most s i t u a t i o n s  the flow from flood-prevention rese rvo i r s  may be handled 
i n  drainage design by subtract ing the watershed a rea  upstream from the dam 
from the  t o t a l  watershed area  and adding the  outflow through the p r inc ipa l  
spillway. The outflow should be added as  a constant  flow t o  the drainage flow 
computed from the  watershed below the  dam, The e f f e c t  of weir-type dams may 
be disregarded under most condit ions and the  drainage design based on the en- 
t i r e  watershed area contr ibut ing t o  the channel. 

The e f f e c t  of flood-prevention rese rvo i r s  may be disregarded, fo r  drainage- 
design purposes, a t  some point  downstream. This point  may be determined by 
f igur ing the  average outflow of the  rese rvo i r  i n  c . f , s .  per square mile of 
watershed area  above the dam. I f  t h i s  r a t e  of flow i s  below the minimum r a t e  
i n  the  drainage curve appl icable  a t  the  o u t l e t  and based on the e n t i r e  water- 
shed area ,  the reservoir  a f f e c t s  the  e n t i r e  drainage system. I f  the r a t e  of 
outflow from the reservoir  i n t e r s e c t s  the drainage curve, the e f f e c t  may be 
disregarded f o r  drainage-design purposes below the point  and watershed acre- 
ages considered as  i f  no dam exis ted .  

For example, the pr inciple  is i l l u s t r a t e d  by the  following problem: Assume a 
reservoir  with a s ing le  s tage  p r inc ipa l  spillway has a dratnage a rea  o f  three  
square miles. The channel below the s t r u c t u r e  w i l l  be designed using drainage 
curve No. 5, f igure  5-2. The average outflow from the  reservoir  during 24 
hours i s  computed a t  14 c.f .s. per square mile or  42 c .  f . s. The average out- 
flow i s  approximately 80 percent of the  maximum pr inc ipa l  spillway outflow. 
Drainage curve No. 5 a t  a watershed area  of 30 square miles gives a flow of 
14 c.f .s. per square mile. 

Therefore, economy i n  drainage design i s  obtained by considering the  reservoir  
e f f e c t  i n  designing the  drainage channel between the reservoir  and the point  
where the  t o t a l  watershed area  equals 30 square miles. I n  t h i s  s t r e t c h  the 
watershed a rea  above the  rese rvo i r  equaling 3 square miles should be deducted 
and the  flow of 42 c.f.s. should be added f o r  the  drainage channel design. Be- 
low t h i s  point  where the  t o t a l  watershed reaches 30 square miles i t  would be 
economical here t o  disregard the  reservoir  e f f e c t  and design the channel based 
on the t o t a l  watershed area.  

Hydraulic d e s i m  a t  cu lve r t s  

Culverts usual ly  obst ruct  the flow of water i n  d i tches  and cause a l o s s  i n  
head. This must be accounted f o r  i n  designing drainage ditches.  Figure 5-6 
gives the s t eps  applicable f o r  designing most drainage di tches  a t  cu lve r t s .  
With t h i s ,  the  hydraulic gradeline i s  s e t  low enough a t  the culver t  t o  compen- 
s a t e  f o r  loss  i n  head through the  culver t  unless  loca l  land use w i l l  permit 
flooding. I f  the  permissible culver t  l o s s  (2-3) i s  computed cor rec t ly  (NEH, 
Section 5, Hydraulics) and other s teps  a r e  followed, the p r o f i l e  of the water 



surface  w i l l  be about the  backwater curve (2-6) and well  within bank capacity 
during the  design-drainage flow. 

Ordinar i ly  precise  computations of backwater curves a t  bridges and cu lve r t s  
need not be made where only agr icu l tu ra l  drainage is  considered. 

In applying the method i n  f igure  5-6, control  point  1 should be established,  
This point  should be f a r  enough upstream from the  cu lve r t  t o  make the  d i f f e r -  
ence i n  e levat ion between 1 and 8 a t  l e a s t  twice the  l o s s  of head a t  the  cul-  
v e r t  (2-3). 

For low gradient  channels, l e s s  than 5 f e e t  per mile,  computations indicate  
the  backwater cuwe  may be a s  much as  0.2 o r  0.3 foot  above point  1 i f  d is -  
tance 1-8 i s  twice the  culver t  loss  2-3 f o r  typ ica l  drainage ditches.  I f  the re  
a r e  bridges,  cu lve r t s ,  or  obstructions i n  the s t r e t c h  1-2 o r  i f  a hydraulic 
gradel ine  a few ten ths  above point 1 f o r  design flows would be ser ious ,  then 
a backwater curve should be computed by the  s impl i f ied  method given i n  NEH, 
Section 5,  Hydraulics, Supplement A. 

Many highway departments have speci f ied  methods of computing t h e i r  culvert  
capaci t ies .  Culvert capac i t i e s  may be based on peak-flood flows determined 
f o r  s p e c i f i c  frequencies o r  by a designated method of est imating runoff. 
Where a peak flood f o r  a 5- t o  10-year, or longer, frequency i s  used a s  a 
bas i s  f o r  design of channel capacity without flooding and where the  depth i s  
adequate, the  culver t  w i l l  o rd ina r i ly  be ample f o r  a g r i c u l t u r a l  drainage. 

The permissible cu lve r t  head loss  depends on grade of d i t c h ,  erosion,  land use, 
and other  loca l  condit ions.  Culverts not  governed by more exacting highway 
requirements should meet one of the  following condit ions:  

1. I n  large  o u t l e t  d i tches  on f l a t  s lopes ,  a cu lve r t  may obst ruct  flow 
ser iously  i f  not  properly designed. Keep the  hydraulic losses  a s  
low as  possible.  Generally such losses  should not exceed 0.5 t o  1.0 
foot .  Check f o r  excessive v e l o c i t i e s  through the  culver t .  Excess 
ve loc i ty  on the  o u t l e t  end w i l l  cause ser ious  erosion problems. 

2. Where the  d i t c h  has excess grade, grade control  may be incorporated 
i n  a culver t .  

Allowable cu lve r t  losses  may be increased depending on drainage re -  
quirements. However, avoid excessive v e l o c i t i e s .  Often culver t  
losses  of a s  much a s  2 f e e t  a r e  permissible but higher losses  need 
t o  be s tudied with care. Where needed, provide downstream protection 
agains t  erosion due to  high v e l o c i t i e s .  A self-cleaning ve loc i ty  
a l so  may be an advantage fo r  culver t  maintenance i f  protect ion is  
provided agains t  erosion. 

3.  In  important i n s t a l l a t i o n s ,  make channel rout ing and determine hydro- 
graphs, amounts of storage,  and est imates of height  and duration of 
flooding caused by floodflows i n  excess of drainage flow. The impor- 
tance of the  highway, s i z e  and value of cu lve r t ,  value of land, crops 
t o  be grown, f lood damages incurred,  and drainage-design fac to r s  a l l  
need t o  be accurate ly  determined f o r  design of important s t ruc tu res  
obst ruct ing flow. 



Culvert -I 
a  - S e t  "con t ro l  p o i n t s "  1, 2 ,  e t c .  a s  though no c u l v e r t  i s  t o  be i n s t a l l e d .  Compute head 103s a t  

c u l v e r t  2 t o  3 ;  measure down from upper " c o n t r o l  point ' '  2 a t  c u l v e r t  and s e t  lower " c o n t r o l  
po in t"  3 .  Make d i s t a n c e  2 t o  8 l a r g e  enough s o  t h a t  1 t o  8 i s  two o r  more t imes g r e a t e r  than  2 
t o  3.  P o i n t  1 i s  approximately a t  l i m i t  of backwater curve  which may be e s t a b l i s h e d  by s tandard  
methods of  computing backwater curves .  

b - Normal h y d r a u l i c  g r a d i e n t  would be l i n e  1 t o  2.  

c  - Draw h y d r a u l i c  g r a d i e n t  f o r  d i t c h  s e c t i o n  above c u l v e r t  from "con t ro l  po in t"  a t  1 t o  lower "con- 
t r o l  po in t"  a t  3 .  

d  - Compute d i t c h  s e c t i o n  r e q u i r e d  based on d r a i n a g e  f low and h y d r a u l i c  g r a d e l i n e  1 t o  3 and s e t  
d i t c h  bottom 4 t o  5 ,  

e  - Culver t  w i l l  cause heading-up along t y p i c a l  backwater curve  2 t o  6 ;  g e n e r a l l y  c l o s e  t o  l i n e  1 t o  
2 ,  provided 1 i s  f a r  enough upstream. 

f - Check f loodf lows  over  crown of road depending on e l e v a t i o n  a t  p o i n t  7. 



In i n s t a l l i n g  c u l v e r t s ,  c a r e f u l l y  check t h e  e l eva t ion  of t h e  crown of t he  road 
t o  be su re  t h e  road i s  we l l  pro tec ted  aga ins t  overtopping. Bypassing f lood- 
flows over low s t r e t c h e s  of roadways serv ing  a s  sp i l lways  may need t o  be pro- 
vided f o r  farm roads. 

Flooding, caused by water  impounding back of a  c u l v e r t  during excessive flows, 
f requent ly  inf luences  land use. Land use above a c u l v e r t  may have t o  be r e -  
s t r i c t e d  t o  wa te r - to l e ran t  crops o r  pas ture .  Cu l t iva t ion  of  t ruck  and o ther  
crops suscep t ib l e  t o  l a rge  damage by f looding  may need t o  be avoided. Here, 
i n s t a l l i n g  a br idge  in s t ead  of a  c u l v e r t  o r  en larg ing  a c u l v e r t  t o  reduce 
f looding  may be requi red .  

The upstream end of t h e  cu lve r t  should have a rounded entrance.  This type of 
en t rance  g r e a t l y  reduces the  entrance l o s s e s  and r e s u l t s  i n  a  much more e f f i -  
c i e n t  s t r u c t u r e .  

P r i n c i p l e s  of computing c u l v e r t  l o s ses  a r e  discussed i n  NEH, Sect ion 5,  Hydrau- 
l i c s ,  King and B r a t e r ' s  Handbook of Hydraulics  (2), and the  Bureau of Publ ic  
Roads Hydraulic Engineering Circular  No. 5 ( 3 ) .  

Hydraulic design a t  br idges  

Bridge openings should have a s  near t h e  requi red  c ros s - sec t iona l  a r ea  of t h e  
d i t c h  a s  poss ib le .  Center p i e r s  should be avoided i f  poss ib l e  i n  preference 
t o  s i d e  abutments. Upstream faces  of p i e r s  and foundation wa l l s  need t o  be 
rounded t o  reduce f r i c t i o n  l o s s  and ob ta in  s t reaml ine  flow. The s t r i n g e r s  of 
the  br idge  should be s e t  above the  probable f lood he igh t  t o  avoid c o l l e c t i n g  
d e b r i s  a s  we l l  a s  f o r  t h e  s a f e t y  of t h e  bridge.  (Photographs page 5-31.) 

S ign i f i can t  l o s s e s  i n  head a t  br idges  a r e  est imated and taken i n t o  account i n  
design.  Serious l o s s e s  may occur i f  br idges  a r e  c l o s e  together  and r e s t r i c t  
t he  flow. A d i t c h  des ign  t h a t  f a i l s  t o  take  c a r e  of such l o s s e s  may be 
inadequate.  

The fol lowing r e fe rences  should be consul ted  i n  determining lo s ses  i n  head due 
t o  br idges  and t r e s t l e s  i n  drainage channels and floodways: 

P i l e  T r e s t l e s  a s  Channel Obstruct ions,  D. L. Yarnel l  (4) 
Bridge P i e r s  a s  Channel Obstruct ions,  D. L. Yarnel l  (5) .  

Computing c ros s  s e c t i o n  of d i t c h  

Where t h e  c ros s  s e c t i o n  of t he  d i t c h  i s  based on the  requi red  quan t i t y  of flow 
t h e  c ros s - sec t iona l  a r e a  is  determined from the  formula: 

where Q = design capac i ty  i n  c.f.s.  
a  = c ross - sec t iona l  a r ea  of d i t c h  below the  e s t ab l i shed  hydraul ic  

g rade l ine  i n  square f e e t .  
v  = mean v e l o c i t y  of flow, f e e t  pe r  second, u sua l ly  computed by use 

of t h e  Manning formula and t h e  Corps of Engineers'  Hydraulic 
Tables o r  King and B r a t e r ' s  Handbook of Hydraulics. 

I n  addi t ion  t o  t h e  f a c t o r s  discussed under channel s ec t ion ,  page 5-19, t he  
fol lowing f a c t o r s  should be considered by t h e  designer i n  ad jus t ing  depth, 



Piers are placed on each side of ditch bottom 

Stringers are set above the probable flood height 



bottom width, and s i d e  s lopes  t o  obta in  t h e  requi red  c ros s - sec t iona l  a rea :  

1. A deeper d i t c h  gives a h igher  v e l o c i t y  than a shallow one. 

2. A deeper d i t c h  may provide a b e t t e r  oppor tuni ty  f o r  f u t u r e  subsur- 
face  drainage i n  the  drainage area .  

3 .  A deeper d i t c h  r equ i r e s  l e s s  right-of-way than a shallow d i t ch .  

4 .  A deeper d i t c h  may uncover uns table  l a y e r s  of  s o i l  which a shallow 
one would no t .  

5. A shallow d i t c h  may be more p r a c t i c a l  t o  maintain by pas tu r ing  o r  
by mowing f l a t  s i d e  s lopes.  

Allowance f o r  i n i t i a l  sedimentation 

It i s  good p r a c t i c e  t o  allow f o r  i n i t i a l  sedimentat ion i n  a d i t c h  during t h e  
f i r s t  2 o r  3 yea r s  a f t e r  construct ion.  This  allowance i s  t o  ob ta in  t h e  de- 
s igned capaci ty  a f t e r  t h e  d i t c h  s t a b i l i z e s  and i s  provided by increas ing  the  
des ign  s i z e .  The amount of t h i s  allowance depends on t h e  eros ion  from adjoin-  
i ng  lands ,  t h e  e ros iveness  of s o i l s  exposed i n  t h e  d i t c h ,  and the  sediment 
from l a t e r a l s  and t r i b u t a r i e s .  The p r i n c i p a l  sources of sediment u sua l ly  a r e  
t h e  raw di tchbanks conta in ing  sand and s i l t ,  c u l t i v a t e d  f i e l d s ,  and s i l t -  
ca r ry ing  t r i b u t a r i e s .  After  ditchbanks a r e  s t a b i l i z e d  by vegeta t ion ,  sedi -  
mentat ion decreases.  

Various p r a c t i c e s  i n  use  t o  t ake  c a r e  of i n i t i a l  sediment inc lude  t h e  
fol lowing:  

1. Provide inc rease  i n  depth o r  bottom width but  no inc rease  i n  top 
width. 

2. Overexcavate t h e  d i t c h  ( i n  depth only) a s  a cons t ruc t ion  p rac t i ce .  
I n  some l o c a t i o n s  t h i s  may average 6 t o  12 inches and i s  included 
i n  the  q u a n t i t i e s  paid for .  

Es t ab l i sh ing  bottom grade of d i t c h  

The fol lowing should be determined i n  e s t a b l i s h i n g  t h e  bottom grade of t he  
d i t c h :  

1. Locate t h e  d i t c h  bottom deep enough so t h a t  bur ied  d r a i n s  can o u t l e t  
above t h e  expected low flow. The i n v e r t  e l eva t ion  of t he  d ra ins  
should be a t  l e a s t  1 but  p re fe rab le  1% f e e t  above t h e  d i t c h  bottom. 
Where t h e  bottom grade of t h e  d i t c h  w i l l  remain s t a b l e  t he  l o c a l  
drainage guide may spec i fy  a c learance  of l e s s  than 1 foo t  below t h e  
i n v e r t  of t h e  dra in .  Allow s u f f i c i e n t  depth f o r  sediment t o  accumu- 
l a t e  so t h a t  a f r e e  o u t l e t  i s  poss ib l e  f o r  a t  l e a s t  10 t o  15  years  
before  r econs t ruc t ion .  Too o f t e n  d i t ches  a r e  designed with l i t t l e  
o r  no thought given t a  t h i s .  Frequently,  dur ing  t h e  f i r s t  two years ,  
t he  bottom grade i s  r a i s e d  so much through accumulation of sediment 
t h a t  d r a i n s  a r e  adversely af fec ted .  

2. I n  a r r i v i n g  a t  t h e  requi red  depth t o  provide good drainage,  determine 
t h e  e l eva t ion  of t he  d i s t a n t  low areas .  Compare t h i s  with the  



e leva t ion  of t he  hydrau l i c  gradel ine  a t  t h e  poin t  where t h e  low 
a r e a  w i l l  d r a in  i n t o  t h e  o u t l e t .  Then s t a r t i n g  a t  t he  low a rea  
wi th  s u f f i c i e n t  depth below the  hydrau l i c  gradel ine  f o r  dra inage  
of  t h a t  a rea ,  p r o j e c t  a reasonable grade f o r  an open d i t c h  o r  d r a i n  
t o  t h e  o u t l e t  d i t c h .  The requi red  e l eva t ion  of t he  bottom of a 
l a t e r a l  needed t o  provide drainage f o r  the  d i s t a n t  low a r e a  can 
then  be determined. 

3. To ob ta in  g rea t e r  capac i ty  a t  c r i t i c a l  po in t s ,  such a s  junct ions ,  
i nc rease  the  depth and/or width of t h e  d i t c h  f o r  design purposes. 
Avoid ac tua l  abrupt  change i n  grade by cons t ruc t ing  the  d i t c h  
bottom upstream a t  a grade which w i l l  no t  r e s u l t  i n  e ros ion .  A 
grade-control  s t r u c t u r e  may be requi red  t o  s t a b i l i z e  t h e  grade 
i f  e ros ive  s o i l ,  such a s  l oes s ,  is  involved. 

4. Show the  bottom grade on t h e  p r o f i l e  i n  percent  and show the  s lope  
of t h e  hydraul ic  gradel ine  on the  p r o f i l e  a s  t h e  tangent  of t h e  
s lope.  

Design of l a r p e  open-ditch system 

An example of  procedures used i n  the  design of a l a r g e  open d i t c h  i s  shown i n  
f i g u r e  5-7 and i n  t a b l e  5-4. 

Figure 5-7 shows t h e  schematic layout  of t he  d i t c h  system. The watershed a reas  
a t  t h e  upper and lower end of each sec t ion  and a t  in termedia te  po in t s  a s  r e -  
qui red  a r e  noted. These a r e a s  should be determined from maps o r  surveys. 

On l a r g e  dra inage  jobs of t h i s  kind i t  i s  d e s i r a b l e  t o  p l o t  a condensed pro- 
f i l e  ( f i g u r e  5-7). For pre l iminary  surveys, e l eva t ions  of t he  ground l e v e l  a t  
500 f e e t  t o  ha l f -mi le  i n t e r v a l s  may be used. The low e l eva t ions  of t he  f i e l d s  
t o  be dra ined  and o the r  po in t s  should be shown on t h e  p r o f i l e .  

The des ign  and numbering of t he  d i t c h  may begin a t  e i t h e r  t he  upstream o r  
downstream end. The p r a c t i c e  used l o c a l l y  by p r i v a t e  engineers  o r  drainage 
d i s t r i c t s  f o r  numbering sec t ions  should be followed s ince  such p l ans  may be 
used i n  l e g a l  proceedings. I n  t he  example ( f i g u r e  5-7) t h e  s t a t i o n  numbering 
starts a t  t h e  lower end. The computation of  watershed a reas  and equiva lent  
a r eas  should proceed from t h e  upper end toward t h e  o u t l e t .  The e l eva t ion  of 
t h e  water  i n  t h e  o u t l e t  c o n t r o l s  t he  e l eva t ion  of t he  hydraul ic  gradel ine  of 
t h e  d i t c h  a t  i t s  o u t l e t .  I n  t he  example, t h e  average e l eva t ion  f o r  a 24-hour 
per iod  f o r  a f lood of 2-year frequency i s  23 .7 .  

I n  t h e  example, i t  i s  assumed t h e  drainage engineer  has  examined t h e  watershed 
a rea  and determined the  dra inage  c o e f f i c i e n t s  a s  ou t l i ned  previously.  
Q = 131 ~ * 7  i s  used t o  c a l c u l a t e  runoff from t h e  h i l l  land and Q = 45 M 516 
i s  used t o  c a l c u l a t e  runoff from f l a t l a n d .  

The requi red  depth of t he  d i t c h  i s  determined a t  con t ro l  po in t s  f o r  t he  d i s -  
charges a t  t hese  poin ts ,  This  assumes t h a t  t h e  runoff throughout the  reach 
e n t e r s  uniformly. The depth a t  t h e  beginning and end of t he  reach w i l l  d i f f e r .  
The depths a r e  e s t ab l i shed  below the  hydraul ic  g rade l ine  and t h e  bottom nor- 
mally w i l l  n o t  be p a r a l l e l  t o  t he  hydraul ic  g rade l ine ,  A t  po in t s  where con- 
cen t r a t ed  flows e n t e r  a change i n  e i t h e r  depth,  width o r  both may be requi red .  
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Figure 5-7, Sample--Condensed plan profile 
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Design sheet  t ab le  5-4 i l l u s t r a t e s  severa l  points.  A t  s t a t i o n  450i-00 the re  i s  
a contr ibut ing watershed a rea  of 1,530 acres  of h i l l  land t o  which the curve 
developed from Q = 131 M e 7  appl ies :  Since the major i ty  of the watershed i s  
f l a t l a n d  the  d i t ch  w i l l  be designed on the  curve developed from Q = 45 M5I6. 
This c a l l s  fo r  an i n i t i a l  conversion t o  an equivalent  area  as follows: Enter 
f igure  5-5 with 1,530 acres,  i n t e r s e c t  the  runoff curve developed from 
Q = 131 M ' ~  and read a discharge of 240 c.f .s. Using t h i s  disch ge draw a 
hor izonta l  l i n e  and i n t e r s e c t  the  curve developed frorn Q = 45 M5$'; from t h i s  
point  draw a v e r t i c a l  l i n e  t o  the  watershed i n  acres  and read the equivalent  
area  of 4,800 acres ,  

Above the  cu lve r t  a t  s t a t i o n  410+00 we have 5,888 ac res  drainage area.  This 
gives 285 cubic f e e t  per second runoff on the  curve developed from Q = 45 ~ ~ 1 ~ .  
This i s  a farm road crossing and some flooding at  the  culver t  can be t o l e r -  
ated. The cu lve r t  i s  given a sa fe ty  fac tor  of 25 percent and t h i s  applied t o  
the runoff a t  the culver t  gives a Q of 354 c.f.s, To pass t h i s  amount of run- 
off  through two 72-inch reinforced concrete cu lve r t s  50 f e e t  long w i l l  require  
a head l o s s  of 0.8 foot. In  the  example f i g u r e  5-7, t h i s  head l o s s  i s  shown 
by dropping the  hydraulic gradient  0.8 foot  on the  lower s ide  of the culver t .  
The cu lve r t  i s  planned t o  be i n s t a l l e d  on t h i s  bottom grade. 

In combining the  flow of l a t e r a l s  the  20-40 r u l e  should be used, one example 
i s  s t a t i o n  360+00 where the watershed of the  main d i t ch  above the  s t a t i o n  i s  
7,872 ac res  and the watershed l a t e r a l  i s  4,736 acres.  The watershed area  of 
l a t e r a l  A i s  37.5 percent of the  t o t a l  wa~ershed area.  The appl ica t ion of the 
20-40 r u l e  gives 596 c.f.s. f o r  design flow below s t a t i o n  360+00. 

The drainage a rea  above l a t e r a l  B a t  s t a t i o n  240+00 i s  13,900 acres  and the 
watershed of l a t e r a l  B i s  3,328 acres.  The watershed of l a t e r a l  B i s  19.3 per- 
cent  of t h e  t o t a l  watershed. Since the  watershed of l a t e r a l  B i s  l e s s  than 
20 percent of the  t o t a l  watershed, the  design flow below s t a t i o n  2404-00 is  
based on t h e  t o t a l  watershed a rea  of 17,228 acres.  Latera ls  C, D, and E a l l  
have watersheds l e s s  than 20 percent of the  t o t a l  area  and a r e  a l l  handled 
s imi la r  t o  l a t e r a l  B. 

Auxiliary St ructures  and Pract ices  

The hydraul ics  and design of s t ruc tu res  a r e  discussed i n  NEH, Sections 5, Hy- 
d rau l i c s ,  and 6 ,  Structura l  Design. The following covers appl ica t ion and use 
of s t ruc tu res  f o r  open-drainage ditches.  S t a t e  handbooks should include typi-  
c a l  plans and standards f o r  design and i n s t a l l a t i o n  of aux i l i a ry  s t ruc tu res  
and pract ices .  

Pipe drops, chutes,  drop spil lways,  and other  s u i t a b l e  s t ruc tu res  need to  be 
i n s t a l l e d  where neces,sary t o  prevent ser ious  erosion where surface water en te r s  
a d i t c h  o r  where a shallow l a t e r a l  joins a deep main. Grade control  s t ruc tu res  
sometimes a r e  required t o  s t a b i l i z e  the bottom grade of drainage di tches .  

On drainage di tches  i n  cu l t iva ted  or  pasture land the  s p o i l  usual ly  should be 
spread and su i t ab le  vegetat ion es tabl ished on the  banks, berm and spread spo i l .  
Where the  d i t ch  i s  i n  or  adjacent t o  land which has been graded or  leveled,  or 
i s  surface  i r r i g a t e d ,  the  s p o i l  should be used f o r  roads o r  worked in to  the 
grading plan f o r  the  f i e ld .  Local technical  guides should cover the  bes t  ways 
t o  e s t a b l i s h  su i t ab le  vegetat ion i n  drainage d i t ches ,  and on berms and s p o i l  
area. 



Riprap, revetment, and other  measures f o r  control l ing ditchbank erosion a re  
f requent ly  required. Ramps a r e  used t o  p ro tec t  the ditchbanks where d i tches  
a r e  open t o  pas tures  and l ives tock,  Watergates a r e  needed where fences cross 
ditches.  

Junctions of l a t e r a l  d i t ches  

Where the re  i s  a  s i g n i f i c a n t  drop from a  l a t e r a l  t o  a  main d i t ch  o r  o ther  out- 
l e t ,  the l a t e r a l  should be cut  back on a  l eve l  grade as  speci f ied  and then 
graded back on a  slope.  This recessed a rea  i s  t o  s t o r e  sediment and protect  
the  o u t l e t  d i t ch  u n t i l  the  l a t e r a l  s t a b i l i z e s .  Sa t i s fac to ry  r e s u l t s  may 
usual ly  be obtained by excavating the l a t e r a l  on a  grade l eve l  with the  bottom 
grade of the  o u t l e t  f o r  a  d is tance  of 50 t o  300 f e e t ;  then use a  bottom grade 
out of t h e  recessed a rea  of from 0.5 t o  1.0 percent u n t i l  it i n t e r s e c t s  the 
normal bottom grade of the l a t e r a l .  Where the drop from the  l a t e r a l  t o  the 
main i s  too  great  t o  control  by the  above method, s t r u c t u r a l  protection must 
be provided. 

I n  many areas ,  where i r r i g a t i o n  waste water flows i n t o  open di tches ,  the  
accumulation of waste water from several  f i e l d s  may c o n s t i t u t e  a  small but 
steady flow f o r  a s  much a s  90 days or more. This flow is  comparable to peren- 
n i a l  flow. Where s o i l s  a r e  erodible i t  i s  e s s e n t i a l  t o  provide proper sur-  
face water i n l e t s  a t  points where waste water flows i n t o  deep drains.  

S t a t e  drainage guides should cover dimensions of l eve l  grades, maximum grade, 
and vegeta t ive  or  s t r u c t u r a l  protect ion necessary f o r  var ious  d i tches ,  drain- 
age areas ,  and s o i l s .  

Overfal l  pipes and s t r u c t u r e s  

Pipe drops, drop spil lways,  chutes, and sod flumes a re  the usual  measures used 
t o  drop surface water and flow from shallow f i e l d  d i tches  i n t o  deeper open 
di tches .  Unless e f f e c t i v e  measures a re  i n s t a l l e d ,  rapid  erosion of ditchbanks 
and rapid  sedimentation of the  d i tch  a r e  l i k e l y  t o  occur. I n  i n s t a l l i n g  any 
o v e r f a l l  s t r u c t u r e  a  minimum amount of excavation should be done a t  the s t ruc-  
ture .  This reduces the  backf i l l .  There must be no seepage along or  under a  
pipe o r  o ther  o v e r f a l l  s t ructure .  

Sometimes i t  i s  more economical t o  const ruct  a  l a t e r a l  d i t ch  t o  c o l l e c t  sur-  
face runoff from severa l  f i e l d s  or l a t e r a l  d i tches  and t o  drop the  water i n t o  
an open d i t ch  a t  one point  instead of i n s t a l l i n g  severa l  o v e r f a l l  pipes or  
s t r u c t u r e s  a t  each of the  f i e l d  or  l a t e r a l  d i tches .  Such co l l ec t ing  di tches  
may p a r a l l e l  the  s p o i l  bank and should not i n t e r f e r e  with cu l t iva t ion .  

To drop surface water from the land s ide  of spo i l  banks i n t o  drainaqe di tches  
or  from small l a t e r a l s  i n t o  deeper d i t ches ,  pipe drops may be used advanta- 
geously. Where an open d i t ch  passes through an area  of f l a t l a n d  having poorly 
defined drainage, surface  water from the  adjacent land may usually be handled 
by standard pipe-drop i n l e t s .  These i n l e t s  should be placed a t  the  low points  
along the  d i tch .  This may require  a  half-dozen o r  more s t ruc tu res  per mile of 
d i t ch .  

Pipe-overfal l  s t r u c t u r e s  need t o  empty i n t o  areas recessed i n  the  banks of the  
open d i t ch .  This i s  p a r t i c u l a r l y  important i f  the d i t ch  per iodical ly  c a r r i e s  
heavy debr is  o r  i ce .  When i n s t a l l e d  i n  t h i s  manner, the  pipes w i l l  not l i k e l y  



be damaged by the movement of floodwater, debr i s ,  or i c e  i n  the o u t l e t  d i t c h  
and w i l l  not r e t a r d  the flow i n  the  d i tch .  (Photographs page 5-42.) 

The o u t l e t  end of a pipe-overfal l  s t r u c t u r e  may extend a shor t  d is tance  over 
the  embanlcment without support (cant i lever  i n s t a l l a t i o n ) .  The can t i l eve r  sec- 
t i o n  should be a minimum where subject  t o  the flow of i c e  o r  debr is  i n  the  
d i tch .  Where debr is  and i c e  a r e  not  l i k e l y  t o  damage corrugated metal, t h i s  
type of pipe may be canti levered without support as  much as  10 fee t .  Where 
the  can t i l eve r  length i s  greater  than the  allowable span fo r  the  u l t imate  
load a t  the end of the pipe, the  pipe should be supported. This may be done 
with two posts  and a cross  member o r  on a post  and cradle  s e t  beneath the  pipe. 
When not supported, i t  i s  well t o  extend the  pipe i n t o  the bank a minimum d i s -  
tance of twice the overhang. To prevent excessive undercutting, the  cant i lever  
sect ion generally should be not l e s s  than 4 fee t .  

Pipe-overfal l  s t ruc tu res  may be i n s t a l l e d  with standard i n l e t  sec t ions  or  with 
reinforced concrete headwalls and wingwalls t o  give more s t a b i l i t y .  Antiseep 
c o l l a r s  along the  pipe should be used where needed. I n s t a l l i n g  pipe-overfal l  
s t ruc tu res  on f i l l s  should be avoided wherever possible.  A l l  j o i n t s  should be 
water t ight .  

The pipe should be well bedded. The bottom p a r t  of the  excavation should con- 
form t o  the  shape of the  pipe. Accurate shaping of the  trench should extend 
up the s ides  of the pipe t o  a point  where the  b a c k f i l l  can be e a s i l y  reached 
with a hand or  mechanical tamper, 

Careful tamping of the b a c k f i l l  by hand or a mechanical tamper should be speci f ied .  
The s o i l  used f o r  b a c k f i l l  should contain s u f f i c i e n t  moisture t o  insure  high den- 
s i t y  when compacted. The b a c k f i l l  should be mounded over the pipe i n  such a way 
a s  t o  prevent surface  wash along the  pipe.  

Hydraulic design of "island-type construction' '  

Pipe drops and over fa l l  s t ruc tu res  o rd ina r i ly  should be of a capacity i n  excess 
of the design discharge of the drainage d i t ch ,  A capacity 25 percent greater  
than the  design capacity of the  drainage d i t ch  is  of ten  used. Floodflows i n  
excess of drainage flow may be bypassed over vegetated emergency spillways 
along the  s p o i l  bank. The spillway areas should be placed upstream and down- 
stream from the  drop a t  approximately 25 t o  50 f e e t  from the  s t ruc tu re .  F i l l  
should be placed above the flood s tage  around the  wingwalls of drop s t ruc tu res  
and pipe drops, and sodded t o  protect  the  s t ruc tu re .  This i n s t a l l a t i o n  i s  
ca l l ed  the  "island-type construction." Floodflows may need t o  be s tored tempo- 
r a r i l y  behind the  spo i l  or  dike when it  i s  not possible t o  bring them sa fe ly  
back i n t o  the  channel. 

In some cases the  island-type design i s  not appl icable  and the  capacity of the  
s t r u c t u r e  may need t o  be large  enough t o  pass the  flow from a desired frequency 
storm. 

Drop spil lways 

The design of drop spillways i s  covered i n  NEH, Section 11, Drop Spillways. 
Frequently drainage di tches  f i l l  with sediment, and the  downstream toe of a 
spillway r e s t s  on a s t a b l e  grade. Design requirements may be l e s s  exacting 
as  a r e s u l t  of a s t a b l e  or  aggrading channel. 



Prefabricated entrance section on pipe drop 

I % &  j 

Recessed area at outlet o f  pipe drop 



Concrete drop spi l lways u s u a l l y  a r e  more c o s t l y  f o r  i n i t i a l  i n s t a l l a t i o n  than 
p ipe  drops with vegeta ted  sp i l lways ,  and t h e i r  u se  i s  l imi t ed  i n  dra inage  
work t o  except ional  condi t ions  o f t en  involving a combination drop sp i l lway 
and d ra in -ou t l e t  s t ruc tu re .  

Chutes 

Under some condi t ions  re inforced  concre te  chutes  may be more economical than 
drop sp i l lways .  Each chute  r equ i r e s  a  d e t a i l e d  plan. The design of chutes  
i s  covered i n  NEH, Sect ion 14,  Chutes. 

Sod chutes  

Under favorable  condi t ions ,  sod chutes  i n s t ead  of  a s t r u c t u r e  may be used t o  
drop water  i n t o  open d i t ches .  Conditions favor ing  sod chutes  inc lude  low 
drops,  small  drainage a reas ,  di tchbanks having a f e r t i l e  s o i l  and subso i l ,  a  
c l ima te  and s o i l  t h a t  support a  dense g ra s s  and sod, and the  absence of l aye r s  
of  s o i l  t h a t  erode r ead i ly .  

Grade-control s t r u c t u r e s  

Where t h e  v e l o c i t y  i s  excess ive  i n  open d i t c h e s ,  grade-control  s t r u c t u r e s  may 
be requi red .  Occurrence of s e r i o u s  eros ion  a f t e r  cons t ruc t ion  of drainage 
d i t c h e s  cannot always be predic ted .  I n  l a r g e  and important drainage work 
where se r ious  eros ion  may occur,  an on - s i t e  s tudy i s  made of t he  f a c t o r s  a f -  
f e c t i n g  eros ion  and causing sedimentation. S imi lar  drainage d i t c h e s  should 
be s tud ied  t o  determine t h e  p r o b a b i l i t y  of excess ive  erosion.  Many drainage 
channels i n  l o e s s  and noncohesive o r  poorly graded s o i l s  have eroded and 
caused extens ive  damage. 

Use of grade-control  s t r u c t u r e s  o f t e n  may be avoided by ad jus t ing  the  hydrau- 
l i c  g rade l ine  o r  the  bottom grade of t he  open d i t ch .  On sec t ions  of t he  d i t c h  
having cons iderable  s lope,  i t  may be poss ib l e  t o  depress t h e  hydraul ic  grade- 
l i n e  a t  t h e  upper end of t h e  reach and r a i s e  i t  a t  t he  lower end t o  ob ta in  a  
nonerosive v e l o c i t y ,  This  u s u a l l y  involves added excavation,  and any e x t r a  
c o s t  i s  balanced agains t  c o s t  of other means f o r  grade con t ro l .  

It should be remembered t h e  v e l o c i t y  i s  influenced by th ree  f a c t o r s :  (1) Grade 
of t he  d i t c h ,  (2 )  the  va lue  of "n", and (3) hydrau l i c  rad ius .  The designer has  
l imi t ed  c o n t r o l  over the grade of major channels except by ad jus t ing  the  hy- 
d r a u l i c  gradel ine .  However, he  may loca t e  a  longer meandering channel and 
reduce t h e  average f a l l .  

S t a t e  and l o c a l  guides should i n d i c a t e  t h e  physiographic a reas  and s o i l s  sub- 
j e c t  t o  acce lera ted  eros ion  t h a t  may r equ i r e  grade-control  s t r u c t u r e s  i n  open 
d i t ches .  These guides should p re sc r ibe  maximum v e l o c i t y  f o r  s p e c i f i c  s o i l  
types where t h e r e  i s  information t o  s u b s t a n t i a t e  v e l o c i t i e s  t h a t  exceed those 
al lowable i n  T.R. 25. 

Culverts  and br idges  

Wherever poss ib l e ,  br idges  should be used i n  open d i t c h e s  designed t o  capaci ty  
on low g rad ien t s  i n  preference t o  c u l v e r t s  t h a t  o f f e r  s e r ious  r e s i s t a n c e  t o  
t he  flow of water.  However, c u l v e r t s  a r e  economical near  the  upper ends of 
open d i t c h e s  car ry ing  a small  flow. Culverts  a r e  genera l ly  used i n  many d ra ins  
f o r  western i r r i g a t e d  land where the re  i s  excess grade and small flow i n  deep 



di tches .  Culverts  permit t h e  i n s t a l l a t i o n  of many economical farm-road cross-  
i n g s  where more c o s t l y  br idges  could no t  be j u s t i f i e d .  

Culver t s  and br idges  f o r  s t a t e  and county highways usua l ly  a r e  cons t ruc ted  
under t h e  supervis ion  and t o  the  s p e c i f i c a t i o n s  of t he  s t a t e  o r  county highway 
departments. Wherever appropr ia te ,  personnel  of t he  S o i l  Conservation Service 
engaged i n  drainage des ign  should expla in  the  drainage requirements  t o  s t a t e  
and county highway engineers  respons ib le  f o r  such s t r u c t u r e s .  

F a i l u r e  t o  maintain d i t c h e s  can cause c u l v e r t s  t o  f i l l  r a p i d l y  wi th  sediment. 
Where new road c u l v e r t s  a r e  being i n s t a l l e d ,  depth and capaci ty  should be 
checked aga ins t  dra inage  requirements. It i s  important t o  maintain the  depth 
and capac i ty  of t h e s e  open d i tches .  

Culvert  depth 

The bottom grade of t h e  upstream end of a c u l v e r t  should be f l u s h  with t h e  de- 
s ign  bottom grade of  t h e  open d i t c h  o r  poss ib ly  a few t en ths  lower. The up- 
s tream end of  t h e  c u l v e r t  may be h igher  than t h e  lower end o r  i t  may be l e v e l  
throughout i t s  length .  

I f  t he  bottom grade of  t h e  c u l v e r t  i s  above the  bottom grade of the' d i t c h ,  it 
w i l l  back up water a t  low s tages  and cause r ap id  sedimentat ion i n  the  d i t c h  
above t h e  cu lve r t .  The bottom grade of t h e  c u l v e r t  should be based on fu tu re  
dra inage  requirements. A c u l v e r t  s e t  a t  t h e  grade of a shallow d i t c h  may be 
too  h igh  when t h e  d i t c h  i s  cleaned out  o r  enlarged. 

Watergates, c a t t l e  guards and ramps 

Where appl icable ,  p lans  f o r  open d i t ches  should inc lude  p lans  f o r  watergates 
and ramps t o  be i n s t a l l e d  as a i d s  i n  pas tu r ing  and t o  p r o t e c t  t h e  d i t ches .  
(Photographs page 5-45.) Ramps should n o t  be i n s t a l l e d  on t h e  ou t s ide  of 
curves o r  i n  Low p laces  where water w i l l  f low through them. 

Construct ion Plans 

General 

Construct ion p l ans  f o r  drainage work usua l ly  form t h e  b a s i s  f o r  a cont rac t .  
They must be c l e a r ,  complete, and s p e c i f i c ,  They a r e  o f t e n  used by o ther  agen- 
c i e s ,  p r i v a t e  engineers ,  and ind iv idua l s  long a f t e r  cons t ruc t ion .  They should 
be n e a t ,  r e f l e c t  sound design,  and be a c r e d i t  t o  t h e  S o i l  Conservation Ser- 
v i ce .  A 1 1  s epa ra t e  i tems of t he  plan should be i d e n t i f i e d  wi th  the  name of 
t h e  job(s) ,  landowner(s),  and loca t ion  of farm(s) .  The s c a l e  used should be 
shown. The s igna tu re  of t h e  designer and t h e  approving engineer  and t h e  d a t e  
of s i g n a t u r e  should appear on a l l  drainage plans.  

Construct ion p lans  f o r  indiv idual  farm d i t c h e s  usua l ly  inc lude:  

1. Drainage p l an  map 

2. P r o f i l e s  

3 .  Cross s e c t i o n s  

4 .  Ditch des igns  



Low water crossing, watergate and pipe drop 

Watergate showing hinged section 



5. S t r u c t u r a l  d e t a i l s  

6.  Spec i f i ca t ions  

The p l ans  should be d iscussed  with t h e  landowner o r  h i s  r e p r e s e n t a t i v e  t o  make 
su re  h e  f u l l y  understands the  proposed work. Cost e s t ima tes  should be provided 
on r eques t  . Maintenance a l s o  should be d iscussed ,  and methods of maintenance 
and l o c a t i o n  of a travelway agreed upon. 

The maintenance p l an  f o r  group jobs should show an annual maintenance schedule 
and t h e  p r a c t i c e s  t o  follow. It should cover d e t a i l s  f o r  ca r ry ing  on mainte- 
nance opera t ions  and f o r  pe r iod ic  inspect ion .  The method f o r  payment o f  
maintenance c o s t s  needs t o  be agreed upon and included i n  the  group agreement 
when a group job i s  involved. 

Drainage p lan  maps 

Drainage cons t ruc t ion  p l ans  f o r  l a r g e  jobs should inc lude  a map of t he  proposed 
improvement. The completed map should show t h e  l o c a t i o n  of proposed d i t ches ,  
b r idges ,  c u l v e r t s ,  farm boundaries, and names of owners where necessary,  water- 
shed boundaries and a reas ,  e x i s t i n g  land use ,  i r r i g a t i o n  f a c i l i t i e s ,  nearby 
towns, roads ,  r a i l r o a d s ,  township and s e c t i o n  l i n e s ,  and o t h e r  f e a t u r e s  a f f e c t -  
i ng  t h e  design,  cons t ruc t ion ,  and maintenance of t h e  planned improvements. 

On many jobs i t  i s  convenient t o  show t h e  d e t a i l e d  p lans  on standard plan- 
p r o f i l e  shee ts .  Where t h i s  i s  done, the  s c a l e  f o r  t he  p lan  should be the  same 
a s  h o r i z o n t a l  s c a l e  used i n  p l o t t i n g  p r o f i l e s .  I n  such cases  a general  loca-  
t i o n  map should be included t o  show the  general  layout  of t he  system and t o  
index p l an -p ro f i l e  shee t s .  This map should show the  e n t i r e  watershed area  
wi th in  which t h e  drainage-problem a rea  i s  located.  

P r o f i l e s  

P lans  f o r  a11 d i t c h e s  of t he  drainage system down t o  farm l a t e r a l s  should in -  
c lude  p r o f i l e s .  The completed p r o f i l e s  should show the  fol lowing:  

1. Normal ground l i n e  and e l eva t ion  of i s o l a t e d  low po in t s  i n  t he  
f i e l d  which the  d i t c h  w i l l  d r a i n  

2.  Ex i s t ing  d i t c h  bottom 

3. Hydraulic gradel ine  

4 .  Proposed d i t c h  bottom 

5. Ex i s t ing  and proposed c u l v e r t s ,  flumes, and o the r  s t r u c t u r e s ,  and 
proper i d e n t i f i c a t i o n  of each s t r u c t u r e .  Also no te  i f  an e x i s t i n g  
s t r u c t u r e  i s  t o  be removed 

6. Poin ts  of en t ry  of s i g n i f i c a n t  d i t ches  

7. E levat ion  of  high water fo r  design storm a t  o u t l e t  

8. Width of d i t c h  right-of-way t o  be c l ea red  - no ta t ion  by reaches 

9. Datum used and desc r ip t ion  of important bench marks 



10. Logs of soil borings 

11. Elevations of water table and dates of reading if encountered 
in the soil borings. 

Profiles should be plotted on standard-size, transparent, profile or plan- 
profile paper. 

Cross sections 

The number of cross sections required depends on the variations in cross sec- 
tion of existing ditches and on uniformity of topography along the proposed 
ditch location. The manner of payment also governs this. 

Cross sections of proposed ditches are superimposed on original cross sections 
and the amount of excavation computed. At least one typical ditch cross sec- 
tion should be shown on construction plans. 

Where the land surface is reasonably uniform the depth for new ditches may be 
obtained from the profile and excavation computed from yardage tables. Typical 
cross sections are plotted directly on the profile sheet when yardage is com- 
puted from tables or by computer from field notes. For others, cross sections 
should be plotted on standard-size transparent cross-section paper. 

Soil borings 

Sufficient soil profile information should be obtained through soil borings 
to locate any unstable soil conditions that may exist along the planned ditch 
route. It may be possible to reroute the ditch to bypass the unstable area. 

Ditch-design calculations 

The calculations made for the design of all ditches of the drainage system 
should be recorded on a standard ditch-design sheet and made a part of the 
plans. (Table 5-4.) 

Structure details 

Usually the structures for small to moderate-size drainage projects will be of 
standard size and design. For these, a copy of the detail design should be ob- 
tained and included in the plans. If a structure is to be designed by another 
agency, it may be so noted on the profile or plan map and the required eleva- 
tion of the invert, or flow line, and the minimum capacity required should be 
specified. 

If a structure is not standard and plans are prepared by the Soil Conservation 
Service, a set of plans and specifications should be included. 

Plans for structures such as bridges, culverts, chutes, flumes, floodgates, 
drop structures, watergates, levees, dikes, and pumping plants, which are a 
required part of the drainage project, should be included. For bridges and 
culverts to be used for public roads, size, and the invert and road elevations 
are all that need to be shown. 



Specifications 

Written specifications are prepared for each item in a job proposal and stand- 
ard specifications are desirable for the more common types of work. 

On contract work along with the plans specifications become a part of the con- 
tract. On force account work they should be used by the person in charge of 
the job to insure that construction is in accord with the plan and required 
standards. 

Specifications need to be detailed enough so there can be no reasonable mis- 
understanding as to the type of job desired. Nonessential details should be 
omitted. 

Each work unit engaged in open ditch drainage work should have available stand- 
ard specifications for the following items of construction. 

Clearing 

Clearing and grubbing 

Channel excavation 

Spoil bank spreading 

Structure excavation 

Concrete culvert pipe 

Installation concrete pipe conduits and drains 

Zinc-coated iron or steel corrugated pipe 

Aluminum alloy corrugated pipe 

Installation corrugated metal pipe conduit 

Concrete 

Steel reinforcement 

Seeding ditchbanks 

Maintenance of Open Ditches 

Open ditches rapidly lose their effectiveness unless they are properly main- 
tained. A good maintenance program is just as necessary as proper design and 
construction. Drainage systems often become clogged with uncontrolled growth 
of vegetation and partially fill with sediment soon after installation. Since 
maintenance is so important for successful drainage, every effort should be 
made to work out a maintenance program with the drainage enterprise, group, or 
landowner responsible for the system. 



Responsibil i ty f o r  maintenance 

The. owners and e lec ted o f f i c i a l s  of drainage p ro jec t s  must assume the  respon- 
s i b i l i t y  f o r  planning, f inancing,  and execution of needed maintenance of the  
drainage improvements. Their investment i n  the  improvements w i l l  be repaid by 
benef i t s  from the  project  only i f  i t  i s  maintained over the  years t o  function 
as  planned. Training i n  maintenance requirements and methods should be pro- 
vided t o  owners and sponsors of drainage projects .  

Experience has shown t h a t  successful  maintenance of group drainage p ro jec t s  
requires  : 

1. An organization with author i ty  t o  c o l l e c t  necessary funds. 

2. Adequate funds on hand t o  s t a r t  operations as soon as  the  
project  i s  accepted from the  contractor.  

3 .  A manager t o  d i r e c t  maintenance operations.  

The need f o r  proper maintenance i s  especia l ly  important during the f i r s t  two 
years a f t e r  a d i t ch  i s  constructed. It i s  des i rab le  t o  e s tab l i sh  adapted grass 
f o r  erosion control  on the  ditchbanks as soon as  possible.  And during the 
f i r s t  year or  two the  ditchbanks a r e  e spec ia l ly  suscept ib le  t o  the growth of 
undesirable woody vegetat ion.  Timely maintenance during t h i s  period w i l l  l e s s -  
en the  work needed l a t e r .  

I n  cooperating with informal groups i t  i s  espec ia l ly  important t o  provide a 
w r i t  ten  plan of maintenance, which covers maintenance requirements , methods of 
maintenance t o  be used and cos t  estimate. An adequate travelway supported by 
right-of-way easement should be provided. 

In  providing ass is tance  t o  individual  owners on open di tches  a d e f i n i t e  plan 
of maintenance i s  worked out and included i n  the  conservation farm plan. Em- 
phasis  should be placed on p r a c t i c a l  and economical methods t h a t  maintain the  
ef fect iveness  of open di tches .  

Pract ices  t h a t  reduce the  need f o r  maintenance should be given f u l l  considera- 
t ion .  A number of such points  a r e  included i n  the  sec t ion  on design. Others 
t h a t  have proved worthwhile include: 

1. Developing farm conservation plans with landowners and operators 
t o  obtain bes t  land use and erosion control  p rac t i ces  on the 
a rea  served by the system. 

2. I n s t a l l i n g  erosion control  measures i n  the  watershed such a s  grade 
s t a b i l i z a t i o n  and c r i t i c a l  area  treatment. 

3 .  Early establishment of erosion-controll ing vegetat ion on d i t c h  
r i g h t  of way. 

Working out a maintenance plan 

Maintenance work includes control  of vegeta t ion by mowing, pasturing,  or chem- 
i c a l s ,  timely removal of sediment bars  as  they form, removing sediment a f t e r  
a few years accumulation, r epa i r ing  s t ruc tu res ,  and doing such other  work as  
necessary t o  r e t a i n  the o r i g i n a l  ef fec t iveness  of the systems. 



The following a re  some of the major considerations i n  working out a plan fo r  
maintenance : 

Past  h i s t o r y  of maintenance 
Knowledge of pas t  maintenance e f f o r t s ,  or lack of them, should be avai lable  i n  
the  area. Maintenance methods which have been successful. should be good guides 
i n  developing maintenance plans fo r  s imi la r  work. 

Economics of maintenance 
A maintenance program must be e f fec t ive  o r  i t  cannot be j u s t i f i e d  economically. 
If d i tches  a r e  allowed t o  be overgrown with brush and small t r e e s  they may have 
only one-half t o  two-thirds of the designed capacity. Land su f fe r ing  from poor 
drainage produces poor crops and the cos t /benef i t  r a t i o  ca lcula ted  t o  j u s t i f y  
the  drainage system w i l l  not  be reached. Maintenance must be carr ied  out e f -  
f ec t ive ly  f o r  the  drainage system t o  operate as  planned. 

Channel with established vegefation and good maintenance 

Methods of maintenance 
Using construction equipment f o r  maintenance. - Usually the same equipment used 
i n  construction can be employed economically f o r  removal of sediment and re -  
shaping of s p o i l  a t  i n t e r v a l s  as  needed a f t e r  construction.  The high cost  of 
hand labor and d i f f i c u l t i e s  i n  obtaining e f fec t ive  maintenance work by hand- 
too l s  emphasize the  need f o r  e f f i c i e n t  equipment fo r  maintenance work. 



Mowing. - Mowing i s  e f f e c t i v e  i n  most l oca t ions  i n  t he  humid a reas  f o r  cont ro l -  
l i n g  brush and encouraging g ra s s  on di tchbanks,  travelways and s p o i l  d i sposa l  
areas.  Rotary mowers mounted on booms extending from t r a c t o r s  can handle l%:l 
s i d e  s lopes  wi th  no p a r t i c u l a r  hazard. Highway-type mowers on which the  blade 
can be r a i s e d  o r  dropped by 45 degrees a r e  gene ra l ly  wel l  adapted t o  d i t c h  
maintenance work. For maintenance by mowing wi th  s tandard farm equipment 4 : l  
o r  f l a t t e r  s i d e  s lopes  a r e  p re fe rab le .  

Pasturing.  - Control led pas tu r ing  is one of t h e  most economical and e f f e c t i v e  
methods of  maintaining d i tches .  I n  some l o c a t i o n s  pas tur ing  i s  not  p r a c t i c a l  
because of t h e  type of farming adjo in ing  t h e  d i tches .  Pas tur ing  should be 
con t ro l l ed  t o  keep c a t t l e  o f f  di tchbanks during f r eez ing  and thawing and wet 
weather. Hogs should be kept  ou t  of d i tches .  A good pas ture  arrangement 
usually r e q u i r e s  c a r e f u l l y  placed ga t e s  and fences  with watergates across  
d i t ches .  

Burning undes i rable  vegeta t ion .  - I n  sane loca t ions  con t ro l l ed  burning i n  t h e  
winter  i s  u s e f u l  t o  remove dead weeds, t a l l  g ra s s  and small brush. This type 
of maintenance should be l imi t ed  t o  channels through open a reas  and must comply 
with l o c a l  a n t i p o l l u t i o n  regula t ions .  

Chemical c o n t r o l  of vegeta t ion .  - Chemicals t o  con t ro l  undes i rable  vege ta t ive  
growth have produced some exce l l en t  r e s u l t s .  Caution should be used i n  t h e i r  
a p p l i c a t i o n  t o  prevent  damage from the  d r i f t i n g  chemicals. Information on ap- 
p r o p r i a t e  chemicals u sua l ly  may be obtained from l o c a l  dea l e r s .  Major chemical 
companies have prepared information r e l a t i v e  t o  usage of s p e c i f i c  products. 

The most up-to-date information ava i l ab le ,  inc luding  d a t a  on new he rb ic ides ,  
should be followed. 

Federal ,  S t a t e  and l o c a l  laws and r egu la t ions  governing use of chemicals must 
be followed, 
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