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PREFACE 

This s e c t i o n  of  t he  Nat iona l  Engineering Handbook of  t he  S o i l  Conservat ion 
Se rv i ce  has  been developed a s  a  guide f o r  i n v e s t i g a t i o n s ,  surveys ,  de s ign ,  
cons t ruc t i on ,  and maintenance of f a c i l i t i e s  f o r  a g r i c u l t u r a l  d ra inage .  It 
i s  in tended  p r i m a r i l y  a s  a  working handbook, and very  l i t t l e  theory  is  
included.  References a r e  given t o  r e sea rch  d a t a  and t h e o r e t i c a l  ana lyses  
where i t  i s  f e l t  t he  u se r  may wish a d d i t i o n a l  in format ion  on a  p a r t i c u l a r  
procedure o r  c r i t e r i a .  

The handbook i s  developed f o r  use  i n  a l l  f i f t y  s t a t e s  and t he  Car r ibean  Area, 
so  i t  is n e c e s s a r i l y  r a t h e r  gene ra l  i n  many r e spec t s .  For use i n  a  s p e c i f i c  
a r e a  i t  should be supplemented wi th  d a t a  on s o i l s ,  c l ima te ,  topography, and 
land use d a t a  app l i cab l e  t o  t h e  a r ea .  

The Engineering F i e l d  Manual f o r  Conservation P r a c t i c e s ,  USDA-SCS, i nc ludes  a  
chapter  on dra inage  which has some of t he  same informat ion  inc luded  i n  t h i s  
handbook. I t  i s  developed p r i m a r i l y  f o r  work u n i t  ope ra t i ons ,  and covers  t he  
dra inage  work performed i n  t he  work u n i t  i n  more s p e c i f i c  d e t a i l  than does 
t h i s  s e c t i o n  of t h e  Nat iona l  Engineering Handbook. 

I n  add i t i on  t o  t he  handbook and f i e l d  manual, d ra inage  s t anda rds  and guides  
should be a v a i l a b l e  i n  each s t a t e ,  a r e a ,  and work u n i t  where d r a inage  of wet 
land is a needed p r a c t i c e .  The dra inage  guide i s  t he  accumulat ive r eco rd  of  
exper iences  ~f  drainage engineers  and o t h e r  t e chn i c i ans  i n  p lanning ,  i n s t a l l -  
i n g ,  and e v a l u a t i n g  t he  e f f e c t i v e n e s s  of d ra inage  systems.  I t  provides  a  
l o c a l  guide f o r  such c r i t e r i a  a s  depth and spac ing  of d i t c h e s  and d r a i n s ,  
d ra inage  c o e f f i c i e n t s ,  and o t h e r  s t anda rds  based on s o i l s ,  c l ima te ,  topography, 
and land use.  Drainage guides  should supplement and be  c o n s i s t e n t  w i t h  SCS 
s tandards  developed a t  t he  Nat iona l  and s t a t e  l e v e l s .  The number of d ra inage  
guides needed i n  each s t a t e  w i l l  depend on v a r i a t i o n s  i n  dra inage  problems. 
A guide may cover  an e n t i r e  s t a t e ,  problem a r e a ,  o r  work u n i t  a r e a .  

Personnel  working on p lanning  and design of  d r a inage  improvements a l s o  should 
have access  t o  textbooks,  h y d r a u l i c  handbooks and t a b l e s ,  hydro logic  r eco rds ,  
b u l l e t i n s ,  and o t h e r  d a t a  of va lue  i n  p lanning  and des ign  of d r a inage  works. 
The Corps of ~ n ~ i n e e r s '  Hydraul ic  Tables  is e s p e c i a l l y  h e l p f u l  i n  channel  
design.  King and B r a t e r T s  Handbook of Hydraul ics  i s  used i n  t he  s o l u t i o n  of 
many dra inage  design problems. 

This  s e c t i o n  of t he  Na t iona l  Engineering Handbook has  been developed over  a  
pe r iod  of s i x t e e n  yea r s .  Ten t a t i ve  d r a f t s  of two chap t e r s  were i s sued  i n  
September 1955. Most of t h e  chap t e r s  have been r ev i s ed  many t imes s i n c e  t he  
f i r s t  d r a f t ,  and many of them have been i n  f i e l d  use  f o r  s e v e r a l  y e a r s .  A 
l a r g e  number of S o i l  Conservat ion Se rv i ce  employees have con t r i bu t ed  t o  t h e  
development of  t h e  handbook by t h e i r  review and sugges t ions  . 



Credi t  f o r  t he  incep t ion  of the p r o j e c t  and guidance i n  i ts  growth through 
most of the  development per iod  i s  due to  t h e  l a t e  John G. Sut ton.  H i s  
knowledge of a g r i c u l t u r a l  drainage and experience i n  dra inage  opera t ions  were 
invaluable  i n  developing t h i s  handbook. 

I n  add i t i on  t o  John Sut ton ,  the  fol lowing SCS drainage engineers  have been 
the  p r i n c i p a l  con t r ibu to r s  t o  the  p r o j e c t :  

Ralph H. Brownscornbe, Washington, D. C. 
Guy B. Fasken, Lincoln,  Nebraska 
Hawthorne J. Foreman, Fo r t  Worth, Texas 
Elmer W. Gain, Upper Darby, Pennsylvania 
Louis W. Herndon, Washington, D. C. 
William F. Long, Por t land ,  Oregon 
Edo A. Schlaudt , Spartanburg, South Carolina 

S i g n i f i c a n t  con t r ibu t ions  a l so  were made by George B. Bradshaw, formerly 
Drainage Engineer, Por t land ,  Oregon, Richard J. Patronsky, Drainage Engineer, 
Lincoln,  Nebraska and Charles M. Stokes,  formerly Drainage Engineer, 
Albuquerque, New Mexico. 

A l l  of the work was done under the  genera l  d i r e c t i o n  of Chester  J. F ranc i s ,  
D i rec to r  of the  Engineering Division,  S o i l  Conservation Service ,  Washington, 
D. C .  

Engineering Division 
S o i l  Conservation Service  
U. S. Department of Agr icul ture  
Washington, D.  C. 20250 





UNITED STATES DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

NATIONAL ENGINEERING HANDBOOK 

SECTION 16 

DRAINAGE OF AGRICULTURAL LAND 

CONTENTS 

Page 

INTRODUCTION 

Definition of Agricultural Drainage 
Drainage in the United States 
Drainage in the Soil and Water Conservation Program 
Drainage Enterprises 
Drainage System Terms 
References 

CHAPTER 2. PRINCIPLES OF DRAINAGE 

Scope 
Elements of Drainage Design 
Types of Drainage Problems 
Differences in Drainage in Humid and Arid Areas 
Crop Requirements 
Surface-Drainage Principles 
Subsurface-Drainage Principles 
Theories of Buried Drain and Open Ditch Subsurface Drainage 
Design Criteria 
Pumped-Well Drainage 
References 

CHAPTER 2. DRAINAGE INVESTIGATIONS 

General 
Classification of Investigations 
Reconnaissance 
Preliminary Survey 
Design Survey 
Investigations for Surface Drainage 
~nvesti~ations for Subsurf ace Drainage 
References 
Appendix - Typical Outline for Preliminary Survey 

CHAPTER 3. SURFACE DRAINAGE 

General 
Surface Drainage Systems 
Types and Functions of Surface-Drainage Ditches 



Page 

Land Forming 
Joint Surface and Subsurface Drainage System 
References 

CHAPTER 4. SUBSURFACE DRAINAGE 

Introduction 
General 
Diagnosis and Improvement of Saline and Alkali Soils 
Planning Subsurf ace Drainage 
Design of Subsurface Drains 
Installation Design 
Construction 
Maintenance of Buried Drains 
References 

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

General 
Location 
Required Capacities 
Design Standards 
Design Procedure 
Auxiliary Structures and Practices 
Construction Plans 
Maintenance of Open Ditches 
References 

CHAPTER 6. DIKES 

Classification of Dikes 
Investigations for Dikes 
Design of Dikes 
Construction 
Maintenance 
References 

CHAPTER 7 . DRAINAGE PUMPING 

Scope 
Nomenclature and Definitions 
Need for Pumping 
Location of the Pumping Plant 
Incorporating the Pumping Plant in the Drainage System 
Static Lift 
Pumping Plant Capacity 
Pumping Plant Design 
Field Tests of Drainage Pumping Plants 
Operation and Maintenance 
References 
Appendix A - Determining Pumping Plant Capacity Based 
on Hydrologic and Economic Factors 

Appendix B - Design of Farm Drainage Pumping Plant 



Page 

CHAPTER 8. DRAINAGE OF ORGANIC SOILS 

General 
Classification of Organic Soils 
Subsidence in Drained Organic Soils 
Other Characteristics of Organic Soils and Their Treatment 
Design Requirements for Ditches and Drains 
Pump Drainage 
Dikes 
Controlled Drainage 
References 

CHAPTER 9. DRAINAGE OF TIDAL LANDS 

General 
Determination of Local Tide Data 
Site Investigations and Surveys 
Design Data 
Design Procedure and Example 
Supplemental Pumping 
Construction and Installation 
References 





UNITED STATES DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

NATIONAL ENGINEERING HANDBOOK 

SECTION 16 

DRAINAGE OF AGRICULTURAL LAND 

INTRODUCTION 

D e f i n i t i o n  of A ~ r i c u l t u r a l  D r a i n a ~ e  

A g r i c u l t u r a l  d ra inage  may be def ined  a s  t h e  removal and d i s p o s a l  of excess  water  
from a g r i c u l t u r a l  land.  

The sources  of excess  w a t e r  may b e  p r e c i p i t a t i o n ,  snowmelt, i r r i g a t i o n  water ,  
overland f low o r  underground seepage from ad j acen t  a r e a s ,  a r t e s i a n  f low from 
deep a q u i f e r s ,  f loodwater  from channels ,  o r  water  appl ied  f o r  such s p e c i a l  
purposes a s  leaching  s a l t s  from t h e  s o i l  o r  f o r  temperature con t ro l .  

Drainage systems a r e  needed t o  supplement n a t u r a l  d r a inage  i n  many a r e a s .  
The amount of water  t o  be removed by such systems depends, t h e r e f o r e ,  upon t h e  
r e l a t i v e  e f f e c t i v e n e s s  of t h e  n a t u r a l  and t h e  cons t ruc ted  dra inage .  

A g r i c u l t u r a l  d ra inage  is  d iv ided  i n t o  two broad c l a s s e s :  s u r f a c e  and subsur face .  
Some i n s t a l l a t i o n s  s e r v e  t h e  dua l  purposes of s u r f a c e  and subsur face  dra inage .  

Drainage i n  t h e  United S t a t e s  

Drainage has  made a g r i c u l t u r a l  development p o s s i b l e  on much of t h e  most produc- 
t i v e  land i n  t h e  United S t a t e s .  The 1959 Census of Agr i cu l t u r e  shows t h a t  
nea r ly  102 m i l l i o n  a c r e s  i n  39 s t a t e s  a r e  contained i n  more than  8400 d ra inage  
e n t e r p r i s e s  w i th  a r e a s  over  500 a c r e s  i n  s i z e .  Within t h e s e  e n t e r p r i s e s ,  
d ra inage  improvements have been made on about 92 m i l l i o n  a c r e s .  It i s  est imated 
t h a t  about 39 m i l l i o n  a c r e s  n o t  covered i n  t h e  census have been dra ined  by 
i n d i v i d u a l  landowners and i n  s m a l l  group e n t e r p r i s e s  l e s s  than  500 a c r e s  i n  
s i z e  (1) .*  Now approximately 130 m i l l i o n  a c r e s  o r  about one-third of a l l  crop- 
land is  d ra ined  a r t i f i c i a l l y .  

According t o  s t a t i s t i c s  compiled by t h e  I n t e r n a t i o n a l  Commission on I r r i g a t i o n  
and Drainage f o r  i t s  1965 Annual Bu l l e t i n , '  t h e  a r e a  p ro t ec t ed  by d ra inage  works 
i n  t h e  United S t a t e s  is  40 m i l l i o n  hec t a r e s  (98.8 m i l l i o n  a c r e s )  no t  inc lud ing  
i r r i g a t e d  a r e a s  ( 2 ) .  This  is  s l i g h t l y  more than  one-half of t h e  t o t a l  d ra inage  
(no t  i nc lud ing  i r r i g a t e d  a r e a s )  r epo r t ed  by t h e  59 n a t i o n s  included i n  t h e  
t a b u l a t i o n .  Data f o r  China is  n o t  included.  

As t h e  b a s i s  f o r  r epo r t i ng  d a t a  f o r  t h e  I C I D  survey is  no t  t h e  same a s  f o r  t h e  
census,  t h e  f i g u r e s  g iven  a r e  no t  comparable, bu t  when dra ined  a r e a s  i n  i r r i g a -  
t i o n  p r o j e c t s  and i n  smal l  d r a inage  p r o j e c t s  ( l e s s  than  500 a c r e s  i n  s i z e )  a r e  
inc luded ,  t h e  d a t a  r epo r t ed  compares favorab ly  w i th  t h e  130 m i l l i o n  a c r e s  given 
above a s  t h e  t o t a l  a r e a  of a g r i c u l t u r a l  d r a inage  i n  t h e  United S t a t e s .  

*Numbers i n  paren theses  r e f e r  t o  r e f e r e n c e s  l i s t e d  on page 12. 



Drainage on an i n d i v i d u a l  farm is and always has  been t he  r e s p o n s i b i l i t y  of 
t h e  landowner. Needed dra inage  works beyond the  farm a r e  u sua l l y  ob ta ined  by 
landowners coopera t ing  under s t a t e  law o r  under an in formal  group arrangement.  
A s t a t e  agency may provide  dra inage  f a c i l i t i e s  when t h e  need f o r  drainage is 
widespread over  t h e  s t a t e .  This i s  done under coopera t ive  arrangements w i th  
t h e  l o c a l  p o l i t i c a l  subd iv i s ion .  

Fede ra l  government p a r t i c i p a t i o n  i n  dra inage  u n t i l  t h e  mid 1930's  had been 
l i m i t e d  t o  minor r e s e a r c h  and t e c h n i c a l  a s s i s t a n c e .  Today f e d e r a l  a s s i s t a n c e  
is provided a s  an i n t e g r a l  p a r t  of a  comprehensive land  and wa te r  development 
program through i n d i v i d u a l  p r o j e c t s  of t h e  Departments of Agr i cu l t u r e ,  Army, 
and I n t e r i o r .  E a r l i e r  d ra inage  works, w i th  some except ions ,  were e s t a b l i s h e d  
under condi t ions  of a  p ioneer ing  a g r i c u l t u r e  by landowners and l o c a l  a r t i s a n s ,  
l a r g e l y  piecemeal,  on a  t r ia l -and-er ror  b a s i s ,  and a long  gene ra l  p r i n c i p l e s  
handed down from gene ra t i on  t o  genera t ion .  

Curren t  new f a c i l i t i e s ,  and t he  improvement of o ld  f a c i l i t i e s ,  a r e  now planned 
and i n s t a l l e d  on t h e  b a s i s  of engineer ing  des igns  app l i ed  t o  a  coordinated 
system of s u r f a c e  and subsur face  d i t c h e s  and d ra in s  d i scharg ing  i n  an adequate  
o u t l e t ;  and whatever p r o t e c t i n g  d ikes ,  d i v e r s i o n  channels ,  ga t e s  and pumps 
may be r equ i r ed  by s i t e  condi t ions  f o r  p r o t e c t i o n  a g a i n s t  overflow. Designs 
i nco rpo ra t e  t h e  l a t e s t  knowledge and techniques  of hydrology, hyd rau l i c s ,  
geology and t h e  s o i l  s c i ences .  Cons t ruc t ion  m a t e r i a l s ,  methods and equipment 
a r e  used t o  provide  t h e  most e f f i c i e n t  and economical i n s t a l l a t i o n s  a p p l i c a b l e  
t o  t h e  s i t e s .  Design and cons t ruc t i on  a r e  be ing  modif ied and improved by 
cont inu ing  r e sea rch  f i n d i n g s  of i n d u s t r y ,  s t a t e  and f e d e r a l  governments. 

Drainage i n  t he  S o i l  and Water Conservation P r o ~ r a m  

S o i l  Conservat ion Se rv i ce  a s s i s t a n c e  f o r  d ra inage  measures i s  provided 
p r i m a r i l y  f o r  i n c r e a s i n g  t he  e f f i c i e n c y  of land  use  wh i l e  conserving ou r  land  
r e sou rce  on farms and ranches.  This  is done by improving e x i s t i n g  dra inage  
systems o r  by c o n s t r u c t i n g  new systems. 

Drainage permi ts  b e t t e r  t iming of s ea sona l  c u l t i v a t i o n ,  lowers  t he  c o s t  of 
c u l t i v a t i o n ,  and improves seed  germinat ion.  Drainage a l s o  may permi t  
adjustment  i n  land use  on a  farm o r  ranch, so t he  s t e e p e r  land s u b j e c t  t o  
e r o s i o n  may be  used f o r  hay o r  p a s t u r e ,  and t h e  f l a t t e r ,  d ra ined  land f o r  
c u l t i v a t e d  crops.  

I n  many i r r i g a t e d  a r e a s  of t he  West, t h e  water  t a b l e  r i s e s  and causes 
i n c r e a s i n g  damage t o  land and crops.  Harmful s a l t s  may accumulate and s a l i n e  
o r  a l k a l i n e  cond i t i ons  may develop where t h e  water  t a b l e  i s  nea r  t he  su r f ace .  

Drainage is a  f i r s t  s t e p  i n  t he  improvement of much of our  wet l and  be fo re  
o t h e r  needed conserva t ion  p r a c t i c e s  can be app l i ed  s u c c e s s f u l l y .  

Drainage En te rp r i s e s  

To a s s u r e  adequate  d i s p o s a l  of excess  water  from a l l  p a r t s  of d ra inage  
systems,  t h e r e  must be un in t e r rup t ed  flow from the  p o i n t  where t h e  water  
s t a r t s  through t h e  d i s p o s a l  system to  an adequate o u t l e t .  The o u t l e t  must 
be capable  of  hand l ing  t he  flow wi thout  i t  causing damages above o r  below 
t h e  p o i n t  o f  d i scharge .  Improvements f r e q u e n t l y  a r e  needed t o  a  channel ,  
beyond the  p o i n t  where t h e  dra inage  system d i s cha rges ,  t o  o b t a i n  requi red  
capac i t y  and t o  p r even t  f looding .  



Frequent ly  a  channel  p rovid ing  t h e  o u t l e t  f o r  a  d ra inage  system, o r  systems, 
must be improved through l and  under s e v e r a l  ownerships. I n  such cases  i t  i s  
necessary  f o r  t he  landowners t o  work t oge the r  t o  accomplish t h e i r  object ive--  
improved dra inage .  Some type  of o rgan i za t i on  of t he  landowners i s  usua l l y  
needed. 

Group o rgan i za t i on  f o r  d r a inage  improvement may be  d e s i r a b l e  f o r  any one o r  
a l l  of t h e  fo l lowing  reasons  : 

1. To ob t a in  an adequate  o u t l e t  f o r  d r a inage  from a l l  l ands  i n  which 
t h e  group is i n t e r e s t e d ,  and t o  permi t  coord ina ted  planning.  

2 .  To provide  an o rgan i za t i on  t o  o b t a i n  t he  necessary  f i nanc ing ,  and 
t h e  means f o r  equ i t ab ly  d i s t r i b u t i n g  t h e  c o s t s  of planning,  
cons t ruc t i ng ,  and main ta in ing  t he  needed improvements among a l l  t he  
bene f i t ed  owners. 

3. To provide  t he  ozgan i za t i on  and l e a d e r s h i p  r equ i r ed  t o  p l a n ,  
cons t r u c t  , and main ta in  t he  needed improvements. 

4. To o b t a i n  necessary  rights-of-way f o r  cons t ruc t i on  and maintenance 
ope ra t i ons .  

Types of e n t e r p r i s e s  

S t a t e  laws f o r  forming d ra inage  e n t e r p r i s e s  vary cons iderab ly ,  and t he  
terminology i n  them i s  d i f f e r e n t  i n  t he  s e v e r a l  s t a t e s .  It i s  necessary  f o r  
personnel  engaged i n  dra inage  work t o  become f a m i l i a r  w i th  a p p l i c a b l e  drainage 
laws and procedures  f o r  forming dra inage  e n t e r p r i s e s .  For t h e  d i s cus s ion  
h e r e  t h e  fo l lowing  terms and t h e i r  d e f i n i t i o n s  w i l l  be used. 

1. Drainage en te rpr i se - -a  p r o j e c t ,  by an o rgan i za t i on  o r  a  group, t o  
make dra inage  improvements w i t h i n  c e r t a i n  def ined  boundaries .  A l l  
of t h e  fo l lowing  types of o rgan i za t i ons  a r e  inc luded:  

2 .  Legal organization--an o rgan i za t i on  e s t a b l i s h e d  i n  accordance wi th  
s t a t e  laws t o  provide  t h e  means t o  c a r r y  on dra inage  work on lands  
w i t h i n  c e r t a i n  boundaries .  Such l e g a l  o rgan i za t i on  has  t he  power 
t o  t a x  and t o  condemn land f o r  rights-of-way. Legal o rgan i za t i ons  
i nc lude  dra inage  d i s t r i c t s ,  water  c o n t r o l  and improvement d i s t r i c t s ,  
l evee  d i s t r i c t s ,  conserva t ion  and rec lamat ion  d i s t r i c t s ,  and agencies  
f o r  county and township d i t c h e s  and d r a i n s .  The term "dra inage  
d i s t r i c t , "  a s  used h e r e ,  denotes any l e g a l  o rgan i za t i on  a s  a l r eady  
descr ibed .  

3. Voluntary o r  coopera t ive  groups--an unincorporated drainage en t e r -  
p r i s e  where t he  e n t i r e  membership i s  voluntary .  There a r e  two types:  

a. Drainage assoc ia t ion- -a  formal  o rgan i za t i on  of landowners o r  
ope ra to r s  t o  do dra inage  work w i th in  a  c e r t a i n  def ined  area-- 
wi thout  t he  powers of t axa t i on  o r  condemnation, bu t  w i t h  
c o n t r a c t u a l  and purchasing powers. 

b. Informal  dra inage  group--a group of two o r  more landowners o r  
o p e r a t o r s ,  who have mutually agreed t o  work t oge the r  on dra inage  
improvements w i t h i n  a  c e r t a i n  def ined  a r e a  wi thout  t h e  powers of 
t axa t i on  o r  condemnation. 



Charac ter i s  t i c s  of e n t e r p r i s e s  

The d i f f e rences  i n  t h e  types of organiza t ion  f o r  drainage e n t e r p r i s e s  a r e  i n  
t h e  degree of o rgan iza t ion  and i n  the  powers they have. General ly the  
informal group w i l l  b e  adequate f o r  smal l  e n t e r p r i s e s .  A s  the  e n t e r p r i s e  
i nc reases  i n  s i z e  and number of landowners o r  opera tors ,  t h e  organiza t ion  t o  
handle f inancing ,  procurement of easements, cons t ruc t ion  and maintenance needs 
t o  have i t s  powers increased  and its r e s p o n s i b i l i t i e s  c l a r i f i e d .  Various 
f a c t o r s  e n t e r  i n t o  s e l e c t i n g  the b e s t  type of organiza t ion .  To f u r n i s h  the  
bes t  advice ,  t h e  engineer  should know the  c h a r a c t e r i s t i c s  of each type. 

Drainage d i s t r i c t s  
Laws governing dra inage  d i s t r i c t s  vary between s t a t e s .  They a r e  s p e c i f i c ,  
however, and must be followed exact ly .  A d i g e s t  of t he  laws p e r t a i n i n g  to  
drainage and drainage d i s t r i c t s  cu r r en t ly  app l i cab le  i n  t h e  s t a t e  i s  a 
valuable  working too l .  I n  most s t a t e s  drainage d i s t r i c t s  have t h e  fol lowing 
advantageous c h a r a c t e r i s  t i c s  : 

They can handle all. kinds of dra inage  work. 

A group of commissioners i s  e l e c t e d  o r  appointed. These commis- 
s i o n e r s  have a u t h o r i t y  t o  ope ra t e  and maintain t h e  d i s t r i c t .  

Drainage d i s t r i c t s  a r e  provided wi th  means f o r  f inancing  l a r g e  
en te rp r i se s .  They have the  power t o  t a x  and usual ly  they may s e l l  
bonds on approval  of the  landowners i n  t he  d i s t r i c t  o r  the  cour t .  
Taxes may be l ev i ed  t o  f inance  new cons t ruc t ion  o r  t o  improve o r  
maintain e x i s t i n g  works. 

D i s t r i c t s  have the  a u t h o r i t y  t o  acqui re  rights-of-way f o r  drainage 
work. This inc ludes  the  power of condemnation. 

Drainage d i s t r i c t s  can h i r e  employees and purchase equipment and 
supp l i e s  t o  ca r ry  on drainage a c t i v i t i e s .  

Some disadvantages o f  drainage d i s t r i c t s  f o r  handling drainage work which 
could be handled by dra inage  a s soc ia t ions  a re :  

1. Often s e v e r a l  months a r e  requi red  t o  organize. 

2 .  Many dra inage  d i s t r i c t s  have high overhead cos t s .  

Cer ta in  drainage d i s t r i c t s  organized i n  t h e  p a s t  have experienced f i n a n c i a l  
d i f f i c u l t i e s  and have f a i l e d  t o  maintain t h e i r  improvements. Hence, i n  many 
a r e a s ,  landowners and opera tors  a r e  r e luc t an t -  t o  organize even though some 
type of  l e g a l  o rgan iza t ion  to  obta in  rights-of-way, t o  equ i t ab ly  f inance  the  
work and t o  maintain works of improvement i s  e s s e n t i a l  where s i z e a b l e  group 
drainage f a c i l i t i e s  a r e  needed. 

Drainage a s soc ia t ions  
These a s soc ia t ions  have been most success fu l  where they d id  no t  inc lude  too 
l a r g e  a working group, u sua l ly  of  not  more than 15 members. The assoc ia t ion  
is uriincorporated and voluntary f o r  a l l  members. It opera tes  under a r t i c l e s  
of a s soc ia t ion  and e l e c t e d  o f f i c e r s  . 

Unless r e s t r i c t e d  by s t a t e  laws concerning the  s i z e  of groups which may 
organize  a s soc ia t ions ,  t h e  drainage a s s o c i a t i o n  may be  given o f f i c i a l  s t a t u s  



by t h e  record ing  of t h e  a r t i c l e s  of a s s o c i a t i o n  i n  t h e  o f f i c e  of t h e  county 
o r  p a r i s h  c l e r k .  I f  t he  number of farmers  i s  i n s u f f i c i e n t  t o  meet r equ i r e -  
ments f o r  such o rgan i za t i on  under s t a t e  law, t h e  a s s o c i a t i o n  may be formed a s  
o u t l i n e d  bu t  t he  record ing  of  t he  a r t i c l e s  of a s s o c i a t i o n  w i th  t he  county 
c l e r k  would n o t  be  pos s ib l e .  

Advantages of d ra inage  a s s o c i a t i o n s  a r e  : 

1. The o rgan i za t i on  i s  s imple  and may be accomplished quick ly .  

2. An e l e c t e d  o f f i c i a l  is  a v a i l a b l e  t o  do bus ines s  f o r  t h e  a s soc i a t i on .  

3 .  An o rgan i za t i on  i s  provided t o  c a r r y  o u t  continued maintenance. 

4. Means a r e  provided t o  d i s t r i b u t e  c o s t s ,  c o l l e c t  money (through 
vo lun t a ry  s u b s c r i p  t i o n  on ly ) ,  and make c o n t r a c t s .  

Some disadvantages a r e  : 

I. There a r e  no p rov i s ions  f o r  t a x a t i o n  o r  condemnation f o r  r igh ts -of -  
way. Rights-of-way may b e  ob ta ined  through n e g o t i a t i o n  only.  

2 .  Death o r  s e r i o u s  i n j u r y  t o  an a s s o c i a t i o n  employee may impose a  
l a r g e  f i n a n c i a l  l i a b i l i t y .  I f  t he  a s s o c i a t i o n  h i r e s  employees, i t  
should o b t a i n  compensation insurance  f o r  such cont ingenc ies .  

Informal  groups 
Small groups,  u sua l l y  l e s s  than  half-a-dozen fa rmers ,  a r e  he ld  t oge the r  on ly  
through agreement and a r e  f inanced  by vo lun t a ry  con t r i bu t i on .  

There i s  no formal  o rgan i za t i on .  I n  dea l i ng  w i t h  t h e  group i t  i s  necessary  
t o  ge t  t h e  members t oge the r ,  o r  c a r r y  t h e  p ropos i t i on  t o  each member 
s e p a r a t e l y ,  un less  a  member ha s  been duly e l e c t e d  by t he  group a s  t h e i r  
l e ade r .  

Advantages of t he  in formal  group a r e :  

1. S imp l i c i t y  of  formation--no o rgan i za t i on  i s  necessary.  The group 
is formed merely by each member s i g n i n g  a group agreement. 

Disadvantages of t he  i n £  ormal group a r e  : 

1. Working w i th  an  unorganized group i s  o f t e n  d i f f i c u l t ,  e s p e c i a l l y  as  
i t  concerns f i nanc ing  of unforeseeable  th ings .  

2. No o rgan i za t i on  is a v a i l a b l e  t o  c a r r y  ou t  f u t u r e  maintenance. 

3. Acquis i t ion  of rights-of-way i s  o f t e n  a  problem s i n c e  they can be 
ob ta ined  only  through voluntary  agreement. 

Procedure f o r  e n t e r p r i s e s  

General 
A l l  d ra inage  jobs have c e r t a i n  s i m i l a r i t i e s ,  and a l l  e n t e r p r i s e s  must pass  
through c e r t a i n  s t a g e s  of development. As  t h e  s i z e  and complexity of t he  job 
i n c r e a s e s ,  t he  s t e p s  of  development need t o  be more d e t a i l e d  and more c l e a r l y  
def ined .  The l a r g e r  and more complex jobs w i l l  r e q u i r e  more e l a b o r a t e  



engineer ing  t reatment .  A l l  e n t e r p r i s e s  r e q u i r e  an engineer ing  appraisal.  of 
t he  problem, p re sen t ing  t h i s  a p p r a i s a l  t o  t h e  owners, ob t a in ing  a  dec is ion  
of t h e  owners a s  t o  course  of a c t i o n ,  making more d e t a i l e d  engineer ing  surveys ,  
p r epa r ing  p l ans ,  and superv is ion  of cons t ruc t ion .  

Some dra inage  e n t e r p r i s e s ,  from a t e c h n i c a l  viewpoint,  could be  handled by 
e i t h e r  a  dra inage  a s s o c i a t i o n  o r  a  dra inage  d i s t r i c t .  Others  could be  worked 
by a n  informal  group o r  a dra inage  a s s o c i a t i o n .  To determine which method i s  
p r e f e r a b l e  f o r  s p e c i f i c  condi t ions ,  t h e  procedure f o r  development w i l l  be  
d iscussed  f o r  t h e  t h r e e  types of e n t e r p r i s e s  concurrent ly.  I n  us ing  t h e  
fo l lowing  information t h e  p o l i c i e s  of t he  Soil. Conservation Serv ice  and the  
laws of t he  s t a t e  should be  followed c lo se ly .  

S o i l  Conservation Se rv i ce  a s s i s t a n c e  t o  groups p r i o r  t o  o rgan iza t ion  
Ass is tance  of SCS t o  a group e n t e r p r i s e  provided i n  accordance wi th  SCS 
p o l i c i e s ,  a s  covered i n  o t h e r  communications, may take  many forms. I t  may 
c o n s i s t  of advice a s  t o  courses of a c t i o n  and a s s i s t a n c e  w i th  conservat ion 
planning;  o r  i t  may c o n s i s t  of a  complete engineer ing  job f o r  t he  improvements, 
and a s s i s t a n c e  w i th  conserva t ion  planning.  The guide f o r  t h i s  a s s i s t a n c e  is 
conta ined  i n  c u r r e n t  po l i cy  s ta tements  of t h e  Administrator .  The form of t he  
r eques t  from t h e  group t o  t h e  s o i l  conserva t ion  d i s t r i c t  f o r  a s s i s t a n c e  w i l l  
be much t h e  same a s  t h a t  f o r  any reques t .  For unorganized groups, s i gna tu re s  
of a t  l e a s t  two-thirds of the  membership should be  obtained.  

Reconnaissance. - I f  t h e  group of landowners has r e t a i n e d  an  engineer ,  he 
should b e  p re sen t  dur ing  a  reconnaissance of t he  proposed p r o j e c t ,  p re l iminary  
survey,  meetings of t h e  group, design surveys ,  planning works of improvement, 
and cons t ruc t ion .  ' A f t e r  rece iv ing  an approved r eques t  f o r  a s s i s t a n c e ,  a  recon- 
na issance  of t he  p r o j e c t  should be made f o r  use i n  making recommendations t o  
t h e  group a s  t o  t h e  f e a s i b i l i t y  of t h e  p r o j e c t  and t h e  b e s t  type of organiza- 
t i on .  Chapter 2 of  t h i s  handbook con ta in s  information on making the  
reconnaissance. 

Pre l iminary  information.  - Af te r  t h e  reconnaissance has been made the  engineer  
should r e p o r t  t o  t h e  group on h i s  f i nd ings .  He should make t h i s  r e p o r t  t o  
t he  group and n o t  t o  i nd iv idua l s .  The r e p o r t  should be w r i t t e n ,  bu t  is  
probably more e f f e c t i v e  i f  p resented  oral1.y. The fo l lowing  p o i n t s  should be  
covered : 

1. The a reas  w i t h i n  t h e  l i m i t s  of t he  proposed e n t e r p r i s e  which need 
drainage.  

2. Condition and adequacy of channels  below the  o u t l e t  t o  rece ive  
drainage runoff .  

3 .  Flood, s i l t a t i o n ,  and eros ion  hazards.  

4. Land c a p a b i l i t i e s .  

5 .  Other dra inage  programs which may a f f e c t  the  e n t e r p r i s e .  

6.  Drainage f a c i l i t i e s  needed. 

7. Discussion of c o s t s  and b e n e f i t s .  (This w i l l  be very  gene ra l  and 
based on exper ience  w i t h  o the r  drainage programs on t h e  same type  
of land . )  



8. Maintenance r equ i r ed  and i t s  probable  annual  cos t .  

9. Opinion a s  t o  p h y s i c a l  and economic f e a s i b i l i t y .  

10. Recommendation a s  t o  type  of o rgan i za t i on  needed t o  accomplish t he  
job.  

Completion of p l ans  f o r  o rgan i za t i on .  - Following t he  Se rv i ce ' s  r e p o r t  on t he  
reconnaissance of t h e  p r o j e c t ,  t he  group w i l l  have ques t ions  and w i l l  need t o  
have f r e e  d i s cus s ion  of a l l  a spec t s  of t he  job. Perhaps a  lawyer w i l l  need 
t o  be .consul ted.  It may be necessary  f o r  t h e  engineer  t o  examine an a l t e r n a t e  
proposa l .  The group should o b t a i n  a l l  t he  in format ion  i t  needs t o  make a 
dec i s ion  o r  t o  determine i t s  course  of a c t i o n .  The SCS r e p r e s e n t a t i v e  should 
make s u r e  t h a t  members of t h e  group understand t h e i r  r e s p o n s i b i l i t i e s .  

Organiza t ion  of e n t e r p r i s e s  
Legal e n t e r p r i s e s .  - The s t e p s  i n  t he  o rgan i za t i on  of a dra inage  d i s t r i c t  a r e  
p r e s c r i b e d  by l a w  and vary  between s t a t e s .  Usual ly t h e  reconnaissance 
provides s u f f i c i e n t  engineer ing  informat ion  on which t o  base a  recommendation 
f o r  t h e  o rgan i za t i on .  The eng inee r  should  s t udy  t h e  laws i n  h i s  s t a t e  t o  
make s u r e  a l l  e s s e n t i a l  in format ion  i s  obta ined  and requirements  of t iming 
a r e  complied wi th .  

Drainage a s s o c i a t i o n s .  - A dra inage  a s s o c i a t i o n  can be organized simply by a  
v o t e  of t h e  members t o  adopt  some s imple  a r t i c l e s  of a s soc i a t i on .  This  may 
be accomplished a t  t he  meeting where t he  r e p o r t  on t h e  reconnaissance  by t he  
engineer  is presen ted .  

Informal  Rroups. - The formation of in formal  groups should fo l low t h e  same 
procedure as t h a t  i n  t he  o rgan i za t i on  of a  d r a inage  a s soc i a t i on .  The only 
d i f f e r e n c e s  would be t o  e l i m i n a t e  t h e  adoption of a r t i c l e s  of a s s o c i a t i o n  
and formal  e l e c t i o n  of o f f i c e r s .  I f  t he  group deemed it  d e s i r a b l e ,  a  l e ade r  
could be  e l e c t e d  t o  r ep re sen t  t he  group. 

Opera t ions  a f t e r  o rgan i za t i on  
The procedure t o  be followed a f t e r  t he  o rgan i za t i on  of a  l e g a l  e n t e r p r i s e  i s  
p r e sc r ibed  by law and must be followed. 

Fu r the r  con t ac t s  between SCS and t he  dra inage  a s s o c i a t i o n  should be made wi th  
t he  man des igna ted  by t h e  a s s o c i a t i o n ,  u s u a l l y  t h e  p r e s iden t .  

I n  t he  i n fo rma l  group i t  w i l l  be necessary  t o  cont inue  working w i th  a l l  t h e  
members of t he  group. Care should be taken t o  avoid  working w i t h  on ly  one 
i n d i v i d u a l  i n  an in formal  group un l e s s  h e  i s  t h e  des igna ted  l e a d e r  f o r  t he  
group . 
Ord ina r i l y  a f t e r  t he  dra inage  e n t e r p r i s e  i s  organized ,  more s p e c i f i c  
in format ion  i s  needed f o r  f u r t h e r  planning.  The S o i l  Conservat ion Se rv i ce  
probably w i l l  be c a l l e d  on t o  provide in format ion  s i m i l a r  t o  t h a t  developed 
i n  a pre l iminary  survey--see Chapter 2 .  For  ve ry  sma l l  groups t h i s  may be 
abb rev i a t ed  b u t  f o r  t he  l a r g e r  dra inage  a s s o c i a t i o n s  and l e g a l  e n t e r p r i s e s  a 
f u l l  survey  and r e p o r t  o r d i n a r i l y  w i l l  be  j u s t i f i e d .  Progress  r e p o r t s  a t  
c r i t i c a l  s t a g e s  may be adv i sab l e  s o  t he  group can make t imely dec i s ions .  

The r e p o r t  should be presen ted  o r a l l y  t o  t h e  f u l l  group. This  w i l l  set t he  
s t a g e  f o r  d i s cus s ion ,  dec i s ions  on proposed a l t e r a t i o n s  i n  the  p l a n ,  t ime 
schedules  f o r  f u r t h e r  a c t i o n ,  and f i nanc ing  arrangements.  



Fur ther  work wi th  a dra inage  a s soc ia t ion  on design,  cons t ruc t ion ,  and 
maintenance can be handled wi th  the  person who has been designated by t h e  
a s s o c i a t i o n  t o  handle i t s  a f f a i r s .  

Work wi th  an informal group w i l l  need t o  be taken ca re  of wi th  the  group a s  
a  whole. 

Maintenance of t he  f a c i l i t y  
One of t h e  p r i n c i p a l  reasons f o r  forming drainage e n t e r p r i s e s  i s  t o  provide 
f o r  f u t u r e  maintenance of t he  dra inage  f a c i l i t i e s .  

A dra inage  d i s t r i c t  i s  o r d i n a r i l y  b e t t e r  q u a l i f i e d  to  handle maintenance than 
the  drainage a s s o c i a t i o n  o r  informal group. This  i s  because i t  is  a continu- 
i n g  organiza t ion  and i t  has the  a u t h o r i t y  t o  levy taxes  f o r  maintenance 
purposes. 

Regardless of the  s i z e  of  the  drainage system o r  type of organiza t ion ,  
provis ions  f o r  maintenance must be made t o  i n s u r e  success of the  e n t e r p r i s e .  
The maintenance program should be discussed during the  o rgan iza t iona l  meetings 
and methods decided on. The design o f  t h e  system w i l l  be based on methods of  
maintenance t o  be used. 

A maintenance manual should be developed f o r  t he  e n t e r p r i s e .  The manual 
should desc r ibe  the  i tems of maintenance l i k e l y  t o  be needed, how the  
maintenance w i l l  be  accomplished and a s s ign  r e s p o n s i b i l i t i e s .  Dates should 
be  set f o r  maintenance in spec t ions  of t he  drainage system a t  l e a s t  once each 
year .  Personnel  t o  a s s i s t  i n  t he  in spec t ions  should be spec i f i ed .  

Ind iv idua l  farm drainage 
Benef i t s  from group e n t e r p r i s e s  do not ,  accrue  t o  t he  farmers involved u n t i l  
they have taken advantage of t h e i r  newly cons t ruc t ed  group f a c i l i t i e s  by 
dra in ing  t h e i r  land  i n t o  them. They should be encouraged t o  i n s t a l l  t h e i r  
on-farm d i t ches  and d ra ins  a s  soon a s  poss ib l e  a f t e r  t he  group f a c i l i t i e s  
a r e  constructed.  This  i s  necessary f o r  success of t h e  e n t e r p r i s e .  

Drainage System Terms 

The fol lowing terms, which apply t o  drainage systems and t h e i r  var ious  p a r t s ,  
a r e  defined t o  provide Service  personnel  w i t h  a  uniform understanding of t h e i r  
meaning a s  used i n  engineer ing  s tandards  and handbooks. 

Report ing 

This l i s t  inc ludes  drainage terms which a r e  l i s t e d  a s  SCS progress  r epor t ing  
i tems,  bu t  t h e r e  is a breakdown of  some of t h e  r epor t ab le  items i n t o  two o r  
more items. For example, a l l  of the  fol lowing would be repor ted  a s  Code 480 - 
Drainage Main o r  L a t e r a l :  

Stream - when improved as a p a r t  o f  a  drainage system by cons t ruc t ion  
t o  a  designed s i z e  and grade. 

Ditch - 
Main Ditch - 
L a t e r a l ,  s u b l a t e r a l ,  farm l a t e r a l ,  f i e l d  l a t e r a l  - 



The fo l lowing  would be  r epo r t ed  a s  Code 606 - Drain: 

Main Drain - 
Submain Drain - 
Rel i e f  Drain - 
I n t e r c e p t o r  Drain - 

D e f i n i t i o n s  

Surface d r a inage  
The removal of excess  wa te r  from t h e  s o i l  s u r f a c e .  

'Subsurface dra inage  
The removal of excess  wa te r  from below t h e  s o i l  s u r f  ace .  

Stream 
/A n a t u r a l  waterway. Inc ludes  sma l l  r i v e r s ,  c r eeks ,  bayous, a r royos ,  runs ,  
I ' e t c . ,  which form p a r t  of a  d ra inage  system. Improvements may be r equ i r ed  bu t  
l o c a t i o n  remains e s s e n t i a l l y  unchanged. Streams should be i d e n t i f i e d  by name 
o r  number. 

Ditch 
An open waterway excavated i n  t he  e a r t h  t o  c o l l e c t  and/or  convey d ra inage  
water .  A d i t c h  may ca r ry  f low from both s u r f a c e  and subsur face  drainage.  

Channel 
That p a r t  o f  a s t ream o r  d i t c h  where t he  f low of water  is c a r r i e d .  

Drain 
A condui t ,  such a s  t i l e ,  p i p e ,  o r  tubing,  i n s t a l l e d  beneath t he  ground s u r f a c e  
and which co lLec ts  and/or  conveys drainage water .  

The o u t l e t  
The t e rmina l  p o i n t  of t h e  dra inage  system, d i t c h ,  o r  d r a i n  under cons idera t ion .  

V e r t i c a l  d r a i n  
A w e l l ,  p ipe ,  p i t ,  o r  bore  i n t o  porous,  underground, s t r a t a  i n t o  which 
d ra inage  water  can be  d i scharged .  This is a l s o  c a l l e d  a  dra inage  w e l l .  

Evaporation pond 
A pond, w i t h  impervious bottom, f o r  s t o r a g e  and evapora t ion  of low q u a l i t y  
dra inage  e f f l u e n t  . 
The d i s p o s a l  system 
That p a r t  of a  d ra inage  system which r ece ives  water  from t h e  c o l l e c t i o n  
system and conveys i t  t o  an o u t l e t .  

Main d i t c h .  - The p r i n c i p a l  ditch--improved o r  constructed--serving one o r  
more d r a inage  systems. Main d i t c h e s  should be i d e n t i f i e d  by name o r  number. 

La t e r a l .  - A major d i t c h  i n  a dra inage  system, i d e n t i f i e d  by name o r  number. 
A l a t e r a l  i s  the  l i n k  between t he  main d i t c h  and s u b l a t e r a l s  o r  farm l a t e r a l s .  

S u b l a t e r a l .  - An important  branch d i t c h ,  t r i b u t a r y  t o  a l a t e r a l ,  and i d e n t i -  
f i e d  by name o r  number. When needed, i t  i s  t h e  l i n k  between a  l a t e r a l  and 
farm l a t e r a l s .  



Farm l a t e r a l .  - A p r i n c i p a l  drainage d i t c h  se rv ing  only one farm o r  a major 
po r t ion  of one farm. It is the l i n k  between f i e l d  l a t e r a l s  and t h e  d i t c h  
which usua l ly  se rves  a  group of farms. 

F i e l d  l a t e r a l .  - The d i sposa l  d i t c h  se rv ing  those f i e l d s  ad jacent  t o  i t  on 
one farm. It i s  the  l i n k  between the farm l a t e r a l  and t h e  c o l l e c t i o n  system. 

Main dra in .  - The p r i n c i p a l  subsurface d ra in  which conducts drainage water  
from c o l l e c t i o n  d r a i n s  ( see  "The Col lec t ion  Sys tem" below) and submain d ra ins  
t o  t he  o u t l e t .  The drainage water  may be excess su r f ace  water  co l l ec t ed  
through su r face  i n l e t s  by the  t r i b u t a r y  d ra ins  and the  main d ra in ;  o r  excess 
ground water  co l l ec t ed  by subsurface flow i n t o  t h e  t r i b u t a r y  d ra ins  and the  
main dra in .  

Submain dra in .  - A branch d r a i n  of f  t he  main d ra in  i n t o  which c o l l e c t i o n  
d ra ins  o r  s u r f a c e  i n l e t s  flow. 

The c o l l e c t i o n  system - su r face  drainage 
That p a r t  of a  drainage system which c o l l e c t s  excess su r f ace  water .  

F i e l d  d i t ch .  - A graded d i t c h  f o r  c o l l e c t i n g  excess water  w i th in  a  f i e l d .  
Water may e n t e r  i t  through crop rows o r  row d i t ches  o r  by shee t  flow over 
f i e l d  su r f aces .  

Furrow. - Crop furrows a r e  smal l  channels developed i n  t h e  prepara t ion  of 
cropland o r  i n  c u l t i v a t i n g  the  crop. 

Row d i t c h .  - A smal l  plow o r  shovel  d i t c h  cu t  each crop season across  crop 
rows a t  low places  t o  c o l l e c t  water  and car ry  i t  i n t o  a  f i e l d  d i t c h  o r .  f i e l d  
l a t e r a l .  These a r e  o f t e n  c a l l e d  annual,  q u a r t e r ,  header d i t c h e s ,  e t c .  

The c o l l e c t i o n  system - subsurface d r a i n a ~ e  
A system of d i t ches  o r  d ra ins  l oca t ed  t o  c o l l e c t  excess ground water. 

Rel ie f  d i t c h  o r  dra in .  - A d i t c h  o r  d r a i n  loca t ed  a t  the depth and spacing 
requi red  f o r  con t ro l  o f  the  water  t a b l e  where the  p r i n c i p a l  source of ground 
water  is from the  over ly ing  land and the  water  t a b l e  is r e l a t i v e l y  f l a t .  
These a r e  usual ly  d ra ins .  

I n t e r c e p t o r  d i t c h  o r  dra in .  - A d i t c h  o r  d ra in  loca ted  across  the  flow of 
ground water  and i n s t a l l e d  t o  i n t e r c e p t  subsurface flow. 

Rel ie f  wel l .  - A shal low we l l ,  which c a r r i e s  water  under h y d r o s t a t i c  pressure ,  
upward from a subsurface l a y e r  i n t o  a  d i t c h  o r  dra in .  

Pumped w e l l  drain.  - A w e l l  sunk i n t o  an a q u i f e r  from which water  i s  pumped 
t o  lower the p r e v a i l i n g  water  t a b l e .  

Mole d ra in .  - An underground conduit  formed by p u l l i n g  a bullet-shaped 
cy l inde r  through the  s o i l .  A mole d ra in  may discharge i n t o  e i t h e r  a  d i t c h  
o r  d ra in .  

Land formina 
The process of changing the  su r f ace  of t he  land t o  f a c i l i t a t e  the movement 
of s u r f a c e  water  over  a  f i e l d  o r  a  p a r t  of a f i e l d .  



Land mad ing .  - The shaping  of t h e  l and  s u r f a c e  by c u t t i n g ,  f i l l i n g ,  and 
smoothing t o  planned grades.  The primary purpose i s  t o  improve land  dra inage  
by e s t a b l i s h i n g  continuous grades  s o  t h a t  runoff  w i l l  flow over  t he  s u r f a c e  
wi thout  ponding. I n  some l o c a t i o n s ,  t h i s  p r a c t i c e  i s  c a l l e d  p r e c i s i o n  grad ing  
o r  land  shaping.  

Rough grading.  - The shaping of t he  land  s u r f a c e  accord ing  t o  judgment "by 
eye" o r  by l i m i t e d  use of engineer ing  surveys .  This  ope ra t i on  may b e  t h e  
f i r s t  s t e p  i n  l and  grading.  

Land smoothing. - Shaping t h e  land  s u r f a c e  t o  e l im ina t e  minor d i f f e r e n c e s  i n  
e l e v a t i o n  and t o  smooth o u t  depress ions  wi thout  changing t h e  gene ra l  contours  
of t he  land .  The depth o f  c u t  i n  t h i s  ope ra t i on  i s  gene ra l l y  s m a l l  and 
l i m i t e d  by t h e  kind of equipment used. Land smoothing i s  a l s o  t he  f i n i s h i n g  
ope ra t i on  i n  land grading.  

Land bedding. - Plowing, b l ad ing ,  o r  o therwise  e l e v a t i n g  t he  s u r f a c e  of f l a t -  
land i n t o  a s e r i e s  of broad,  low r idges ,  s epa ra t ed  by shal low,  p a r a l l e l  dead 
furrows o r  f i e l d  d i t c h e s .  Also known a s  "crowning" o r  "r idging" i n  some 
l o c a l i t i e s .  

Land l e v e l i n g .  - The shaping  of t h e  ground s u r f a c e  by grad ing  and smoothing 
t o  a  planned grade and t o  s p e c i f i c a t i o n s  r equ i r ed  t o  permit  t h e  uniform 
d i s t r i b u t i o n  of i r r i g a t i o n  water .  Land l e v e l i n g  opera t ions  improve drainage.  
I n  some cases  improve+ dra inage  may be t he  i n i t i a l  o b j e c t i v e  of l and  l e v e l i n g  
and t h e  a p p l i c a t i o n  oE i r r i g a t i o n  wa te r  a  delayed ob j ec t i ve .  

The d i v e r s  ion  s y s  tem 
A d i t c h  system, d i t c h ,  o r  d ike  which d i v e r t s  water  away from a lower-lying 
a r e a  o r  p r even t s  water  from f lood ing  land.  

Diversion d i t c h .  - A graded channel  cons t ruc ted  ac ros s  the  land s l o p e  t o  
i n t e r c e p t  and d i v e r t  water  t o  a  s u i t a b l e  o u t l e t .  I t s  capac i t y  may be  
en la rged  by shaping t he  s p o i l  i n t o  a  cont inuous d ike  on one o r  bo th  s i d e s  
of t he  d i t c h .  

Dike. - A n  embankment cons t ruc t ed  of ear th  o r  o t h e r  s u i t a b l e  m a t e r i a l s  t o  
p r o t e c t  l and  a g a i n s t  overflow from streams,  l a k e s ,  and t i d a l  i n £  luences  ; a l s o  
t o  p r o t e c t  f l a t  land a r e a s  from d i f f u s e d  s u r f a c e  waters .  

~ l o o d w a ~ .  - A channel,  u s u a l l y  bounded by d i k e s ,  used t o  c a r r y  f l ood  flows. 
The d ikes  conf ine  t he  f l o o d  f low t o  a  smal l  p o r t i o n  of t he  f l ood  p l a i n .  

Water c o n t r o l  system 
A dra inage  system designed t o  r e g u l a t e  in f low and/or  outf low of water .  

Water c o n t r o l  f a c i l i t y .  - A d i t c h ,  d r a i n ,  d ike ,  dam, o r  pump, a lone  o r  i n  
combination, and w i th  o r  w i thou t  a u x i l i a r y  water  c o n t r o l  s t r u c t u r e s ,  designed 
t o  r e g u l a t e  t he  flow of wa te r  from, through,  o r  t o  an a r ea  f o r  t h e  purpose 
of c o n t r o l l i n g  t he  e l e v a t i o n  of  water .  

S t r u c t u r e  f o r  water  con t ro l .  - A s t r u c t u r e  i n  an i r r i g a t i o n  o r  d ra inage  
system f o r  water  management t h a t  conveys wa te r ,  c o n t r o l s  t he  d i r e c t i o n  o r  
r a t e  of flow. o r  main ta ins  a  d e s i r e d  water  s u r f a c e  e l e v a t i o n  i n  a n a t u r a l  or  
a r t i f i c i a l  channel.  Also inc ludes  any s t r u c t u r e  f o r  managing wa te r  l e v e l s  
f o r  w i l d l i f e  o r  o t h e r  purposes.  



Pumping p l a n t  f o r  w a t e r  c o n t r o l .  - A pumping f a c i l i t y  i n s t a l l e d  f o r  removing 
excess  s u r f a c e  o r  ground wa t e r  from lowlands,  o r  f o r  pumping from w e l l s ,  
ponds, streams, and o t h e r  sou rce s .  
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