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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 
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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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Scope 

This  chap t e r  p r e s e n t s  b a s i c  p r i n c i p l e s  and t h e o r i e s  concerning t h e  removal of 
excess  water  from a g r i c u l t u r a l  l and .  I n  va r ious  branches of s c i ence ,  c e r t a i n  
laws of f low have been d iscovered  t h a t  apply t o  t h e  movement of water  on t h e  
land s u r f a c e ,  w i th in  channels ,  and through t h e  s o i l .  Also, much empi r i ca l  
in format ion  providing a  b a s i s  f o r  t h e  empir ica l  methods of d ra inage  des ign  has 
accumulated over t h e  yea r s .  Review of t he se  fundamentals a s  they apply t o  
dra inage  should be h e l p f u l  t o  t h e  engineer  i n  c o r r e c t l y  app ra i s ing  d ra inage  
problems i n  t h e  e a r l y  s t a g e s  of t h e i r  i n v e s t i g a t i o n  and working ou t  t h e i r  
p r a c t i c a l  s o l u t i o n .  A knowledge of dra inage  p r i n c i p l e s  is  necessary  i n  develop- 
ing  l o c a l  s t anda rds  f o r  d r a inage  des ign .  Ex i s t i ng  d r a i n s  need t o  be eva lua ted .  
Where l o c a l  information f o r  des ign  c r i t e r i a  is  l ack ing ,  experience from o t h e r  
p l a c e s  may need t o  be adapted f o r  l o c a l  use.  

Although t h e  fundamental equa t ion  f o r  flow i n  s a t u r a t e d  so i l s - -Darcyls  Law (I)* 
--has been known f o r  many y e a r s ,  i t s  a p p l i c a t i o n  t o  most d ra inage  problems is 
complex. Severa l  approximate methods f o r  so lv ing  t he se  subsurface-flow problems 
have been developed. The b a s i c  assumptions i n  t h e s e  methods a r e  presen ted  
b r i e f l y  i n  t h i s  chapter .  The i r  l i m i t a t i o n s  i n  p r a c t i c a l  a p p l i c a t i o n  t o  f i e l d  
s i t u a t i o n s  a r e  a l s o  d i scussed .  

Elements of Drainage Design 

Genera l ly ,  t h e  i n s t a l l a t i o n  of a  d ra inage  system, l i k e  any s i m i l a r  a p p l i c a t i o n  
of t h e  s c i e n c e s ,  inc ludes  a  d e s i r e d  g o a l ,  a  survey of e x i s t i n g  cond i t i ons ,  
p rev ious  exper ience  wi th  s i m i l a r  cond i t i ons ,  and p repa ra t i on  of de s igns  and p lans .  
I n  S o i l  Conservat ion Serv ice  ope ra t i ons ,  t h e  p r i n c i p a l  e lements  of d ra inage  
des ign  a r e  c rop  requirements ,  s i t e  i n v e s t i g a t i o n s ,  des ign  c r i t e r i a ,  and p l ans  
and s p e c i f i c a t i o n s .  Each of t h e s e  elements w i l l  be t r e a t e d  i n  d e t a i l  i n  t h i s  
and. i n  o t h e r  chap t e r s  of t h i s  Sec t i on  of t he  Nat iona l  Engineering Handbook. 

A t  s e v e r a l  p o i n t s  i n  t h e  de s ign  procedure,  i t  may be necessary  t o  choose between 
a l t e r n a t e  l o c a t i o n s ,  methods, o r  m a t e r i a l s .  The choice  depends on t h e  management 
and economic a s p e c t s  of t h e  farm o r  ranch a s  w e l l  a s  on t h e  phys i ca l  requirements  
of t h e  s i t e .  The des igne r  may need t o  p r e sen t  t o  t h e  landowner a l t e r n a t e  methods 
o r  i n t e n s i t i e s  of d ra inage ,  so  t h a t  t h e  owner may make t h e  f i n a l  choice .  

T h e  same t e c h n i c a l  des ign  elements  f o r  i n d i v i d u a l  farm systems a r e  presen t  f o r  
l a r g e  group-drainage systems, bu t  pub l i c  o r  community-type f a c t o r s  a l s o  a r e  
involved.  These f a c t o r s  i nc lude  t h e  dra inage  o rgan i za t i on  (dra inage  e n t e r p r i s e ) ,  
l e g a l  requi rements  f o r  rights-of-way and water  d i s p o s a l  o r  use ,  f i n a n c i a l  
arrangements ,  and c o s t  a l l o c a t i o n .  Such p r o j e c t s  r e q u i r e  complete,  d e t a i l e d  
documentation of t h e  surveys ,  p l ans ,  and cons t ruc t i on .  

*Numbers i n  paren theses  r e f e r  t o  r e f e r ences  l i s t e d  a t  end of each chap t e r .  



C l a s s i f i c a t i o n  of dra inage  methods 

The methods used f o r  land drainage may be  c l a s s i f i e d  i n  two broad categories--  
s u r f a c e  dra inage  and subsur face  drainage--depending on t h e  way t h e  water is 
removed. 

1. I n  su r f ace  dra inage ,  land s u r f a c e s  a r e  reshaped a s  necessary  t o  
e l imina t e  ponding and e s t a b l i s h  s lopes  s u f f i c i e n t  t o  induce g rav i t a -  
t i o n a l  flow overland and through channels  t o  an o u t l e t .  Surface 
dra inage  may be d'ivided i n t o  works which 

a .  remove water  d i r e c t l y  from land by land smoothing, land grading,  
bedding, and d i t ch ing  

b. d i v e r t  and exclude water  from land by d i v e r s i o n  d i t c h e s ,  d ikes ,  
and floodways. 

2 .  I n  subsur face  dra inage ,  d i t c h e s  and bur ied  d r a i n s  a r e  i n s t a l l e d  w i th in  
t h e  s o i l  p r o f i l e  t o  c o l l e c t  and convey excess ground water  t o  a  g r a v i t y  
o r  pumped o u t l e t .  The drop i n  p re s su re  r e s u l t i n g  from d ischarge  induces 
t h e  flow of excess  ground water  through t h e  s o i l  i n t o  t h e  d r a i n s .  

a .  I n t e r c e p t o r  d r a i n s  a r e  used t o  prevent  e n t r y  upon t h e  land when 
ground water  moves l a t e r a l l y .  Drains a r e  o r i en t ed  .approximately 
a t  r i g h t  ang le s  t o  t h e  d i r e c t i o n  of ground-water flow. 

b.  Rel ie f  d r a i n s  a r e  used when land  su r f aces  a r e  nea r ly  f l a t ,  flow 
v e l o c i t i e s  low, o r  i n t e r c e p t i o n  of ground water  i n e f f e c t i v e .  
Drains a r e  commonly (but  not  n e c e s s a r i l y  always) o r i en t ed  approxi- 
mately p a r a l l e l  wi th  t h e  d i r e c t i o n  of ground-water flow. 

Development of drainage-design c r i t e r i a  

Design c r i t e r i a  a r e  developed i n  two gene ra l  ways: ( a )  from empir ica l  d a t a  
c o l l e c t e d  through eva lua t ion  of e x i s t i n g  dra inage  systems, and (b) from a  
t h e o r e t i c a l  a n a l y s i s  of t h e  problem, applying known phys i ca l  laws and t e s t i n g  
t h e  theory  through.eva lua t ion  of e x i s t i n g  dra inage  systems. 

An example of empir ica l  c r i t e r i a  a r e  t h e  dra inage  c o e f f i c i e n t s  used i n  des ign  
of d r a i n s  i n  humid a r e a s .  Such c o e f f i c i e n t s  a r e  t h e  removal r a t e s  f o r  excess 
water ,  found by exper ience  wi th  many i n s t a l l e d  dra inage  systems, t o  provide a 
c e r t a i n  degree of c rop  p ro t ec t ion .  Such p ro t ec t ion  has  been assessed  c a r e f u l l y  
a g a i n s t  observed crop  response and product ion ,  measurements of f low from dra inage  
systems providing good dra inage ,  and measured h e i g h t s  of water  t a b l e .  Since 
empir ica l  c r i t e r i a  a r e  based s u b s t a n t i a l l y  on experience and assessments  of 
numerous i n t e r r e l a t i n g  f a c t o r s ,  c a r e  must be  taken i n  t ranspos ing  t h e i r  use  from 
one l o c a l i t y  t o  another .  

Theo re t i ca l  a n a l y s i s  a p p l i e s  proved p r i n c i p l e s  or  laws t o  problems having known 
l i m i t i n g  condi t ions .  The r e s u l t i n g  mathematical express ion  exp la in s  t h e  observed 
a c t i o n  of e x i s t i n g  dra inage  systems and permi ts  t h e  r a t i o n a l  des ign  of new 
systems. Usual ly s e v e r a l  v a r i a b l e  s i t e  f a c t o r s  e n t e r  t h e  express ion .  An example 
of t h e  t h e o r e t i c a l  a n a l y s i s  is  t h e  e l l i p s e  equat ion  f o r  spacing subsur face  d r a i n s  
i n  i r r i g a t e d  land ,  where known s i t e  c h a r a c t e r i s t i c s  a r e  accounted f o r  i n  t h e  
equat ion .  I n  one form of t h e  e l l i p s e  equat ion ,  t h e  v a r i a b l e s  a r e  hyd rau l i c  con- 
d u c t i v i t y  of t h e  s o i l ,  depth t o  impermeable l a y e r ,  depth t o  t h e  water t a b l e  a t  



midpoint  between t h e  d r a i n s ,  and r a t e  w a t e r  i s  t o  b e  removed. By s u b s t i t u t i n g  
known o r  e s t i m a t e d  v a l u e s  f o r  t h e s e  f a c t o r s ,  t h e  e q u a t i o n  may b e  a p p l i e d  t o  a  
v a r i e t y  of s i t e s ,  a s  long a s  t h e  s i t e  c o n d i t i o n s  a r e  w i t h i n  t h e  l i m i t s  f o r  which 
t h e  e q u a t i o n  was d e r i v e d .  T h i s  l a s t  requirement  i s  a l l  impor tan t  i n  u s i n g  t h i s  
kind of t h e o r e t i c a l  approach. 

Whichever method is  used t o  e s t a b l i s h  d ra inage-des ign  c r i t e r i a ,  i t  is  e v i d e n t  
t h a t  i t s  v a l u e  depends n o t  o n l y  on sound a n a l y s i s  of t h e  d r a i n a g e  s i t u a t i o n  b u t  
a l s o  on e v a l u a t i o n  o f  i n s t a l l e d  d r a i n s  t o  check t h e i r  performance. 

Types of Drainage Problems 

S u c c e s s f u l  d r a i n a g e  of a  wet a r e a  depends on a  c o r r e c t  d i a g n o s i s  of t h e  problem. 
A t  some s i tes ,  a  b r i e f  f i e l d  s t u d y  and comparison w i t h  p rev ious  i n s t a l l a t i o n s  
under  s i m i l a r  c o n d i t i o n s  may b e  a s u f f i c i e n t  b a s i s  f o r  d e s i g n .  More complex 
d r a i n a g e  problems r e q u i r e  more d e t a i l e d  reconna issance  and p r e l i m i n a r y  surveys  
t o  de te rmine  t h e  s o u r c e  of damaging w a t e r ,  how w a t e r  r e a c h e s  t h e  wet a r e a ,  and 
what d e s i g n  c r i t e r i a  app ly .  The d r a i n a g e  system may b e  des igned ,  however, on ly  
a f t e r  t h e  n a t u r e  of t h e  problem h a s  been i d e n t i f i e d .  

The f o l l o w i n g  t y p i c a l  d r a i n a g e  problems have been d i v i d e d  i n t o  s u r f a c e  and sub- 
s u r f a c e  problems f o r  convenience.  A c t u a l l y ,  wet l a n d  may i n v o l v e  b o t h  s u r f a c e  
and s u b s u r f a c e  w a t e r ,  and t h e  d r a i n a g e  d e s i g n  should  c o n s i d e r  t h e i r  i n t e r -  
dependence. 

Sur face-dra inage  problems 

F l a t  and n e a r l y  f l a t  a r e a s  o f  l a n d  a r e  s u b j e c ~  t o  ponded w a t e r  caused by: 

1. Uneven l a n d  s u r f a c e  w i t h  pocke t s  o r  r i d g e s  which p r e v e n t  o r  r e t a r d  
n a t u r a l  r u n o f f .  Slowly permeable s o i l s  magnify t h e  problem. 

2. Low-capacity-disposal channe ls  w i t h i n  t h e  a r e a  which remove w a t e r  so  
s lowly  t h a t  t h e  h i g h  wate r  l e v e l  i n  t h e  channe ls  causes  ponding on t h e  
l a n d  f o r  damaging p e f i o d s .  

3 .  O u t l e t  c o n d i t i o n s  which ho ld  t h e  w a t e r  s u r f a c e  above ground l e v e l ,  such 
a s  h i g h  l a k e  o r  pond s t a g e s ,  o r  t i d e w a t e r  e l e v a t i o n s .  

Sources  of s u r f a c e  w a t e r  a r e  r a i n f a l l  o r  snowmelt on t h e  a r e a  i t s e l f ,  i r r i g a t i o n -  
s u r f a c e  w a s t e ,  runof f  o r  seepage from a d j o i n i n g  h i g h e r  l a n d ,  o r  over f low from 
s t ream channe ls .  

Sur face-dra inage  methods, such  a s  l a n d  g r a d i n g  o r  smoothing and f i e l d  d i t c h e s ,  
a r e  used on f i e l d s  t o  c o l l e c t  and convey s u r f a c e  w a t e r  t o  n a t u r a l  channe ls  o r  
c o n s t r u c t e d  d i s p o s a l  systems.  Inadequa te  o u t l e t s  may r e q u i r e  downstream-channel 
improvement, l e v e e s  w i t h  c u l v e r t s  and f l a p g a t e s ,  o r  d r a i n a g e  pumps. D i v e r s i o n  
systems a r e  e f f i c i e n t  i n  p r e v e n t i n g  o r  reduc ing  t h e  ponding of s u r f a c e  wate r  
where t h e  s o u r c e  is o u t s i d e  t h e  a r e a  t o  b e  p r o t e c t e d .  These and o t h e r  f e a t u r e s  
of s u r f a c e - d r a i n a g e  systems w i l l  b e  d e s c r i b e d  more f u l l y  i n  o t h e r  c h a p t e r s .  

Subsurface-drainage problems 

Subsurface-drainage problems a r i s e  from many causes .  F l a t l a n d  tends  t o  b e  poor ly  
d r a i n e d ,  p a r t i c u l a r l y  where t h e  s u b s o i l  p e r m e a b i l i t y  is low. There  a r e  many wet  
a r e a s ,  however, where t h e r e  is no e v i d e n t  connec t ion  between t h e  a r e a  of seepage,  
o r  a  h i g h  w a t e r  t a b l e ,  and t h e  topography of t h e  s i t e .  High wate r  t a b l e s  may 



occur  where t h e  s o i l  is e i t h e r  s lowly o r  r a p i d l y  permeable, where t he  c l ima te  is 
e i t h e r  humid o r  a r i d ,  and where t h e  land i s  e i t h e r  s lop ing  o r  f l a t .  

For t h e s e  reasons ,  i t  i s  convenient t o  c l a s s i f y  subsurface-drainage problems by 
t h e  source  of excess  ground water  and t h e  way i t  moves i n t o  and through the  
problem a r e a .  This  method of i d e n t i f y i n g  subsur face  cond i t i ons  i s  e s p e c i a l l y  
u s e f u l  f o r  t h e  more complex dra inage  problems because i t  a l s o  i n d i c a t e s  t h e  kind 
of d r a inage  system needed. The reconnaissance  and pre l iminary  surveys a r e  car -  
r i e d  ou t  t o  o b t a i n  t h e  needed informat ion  on ground-water occurrence and o t h e r  
s i t e  cond i t i ons .  De t a i l ed  information is  i n  Chapter 2 ,  Drainage I n v e s t i g a t i o n s .  
A s  exper ience  w i th  subsurface-drainage problems accumulates f o r  a  g iven  a r e a ,  
t h e  amount of p re l iminary  in format ion  needed t o  i d e n t i f y  c e r t a i n  problem types  
u s u a l l y  i s  reduced. New a r e a s  o r  new k inds  of d r a inage  problems r e q u i r e  g r e a t e r  
emphasis a t  t h e  pre l iminary  s t a g e  of planning.  

The fo l lowing  examples i l l u s t r a t e  some of t h e  more important  types  of subsurface-  
d r a inage  problems. P a r t i c u l a r  emphasis i s  g iven  t o  t h e  source  and d i r e c t i o n  of 
ground-water flow. Deta i led  des ign  of d ra inage  systems f o r  subsur face  dra inage  
i s  d iscussed  i n  Chapter 4 ,  Subsurface Drainage. Refer  t o  t h e  f i g u r e s  i n  Chap- 
t e r  4 f o r  i l l u s t r a t i o n  of most of t h e  d r a inage  problems descr ibed  below. 

Basin-type free-water  t a b l e  
I n  v a l l e y  bottoms and on wide benchlands, t h e  f r e e  ground water  s a t u r a t e s  t he  
sediments down t o  t h e  f i r s t  impervious b a r r i e r .  Typ ica l l y ,  t h e  water  t a b l e  
s l o p e s  g e n t l y  downvalley. This  l a r g e ,  ve ry  slowly moving body of ground water  
is  f ed  by s p r i n g s ,  s u r f a c e  s t reams,  o r  subsur face  p e r c o l a t i o n  around t h e  p e r i -  
meter  of t h e  v a l l e y ;  and by i n f i l t r a t i n g  r a i n f a l l ,  i r r i g a t i o n  l o s s e s ,  o r  s u r f a c e  
runoff  on t h e  v a l l e y  f l o o r  i t s e l f .  Eventua l ly ,  t h e  ground water  d i s cha rges  
e f f l u e n t  seepage a t  streambanks o r  a t  t h e  ground s u r f a c e  i n  low areas, o r  except  
f o r  ground water  used by p l a n t s  o r  t h a t  pumped from w e l l s ,  i t  escapes through 
a q u i f e r s  a t  t h e  lower end of t he  v a l l e y  o r  benchland. Height of t h e  water  t a b l e  
f l u c t u a t e s  w i th  t h e  seasona l  v a r i a t i o n  of a c c r e t i o n s  t o  t h e  ground-water ba s in .  
The gene ra l  s l o p e  of t h e  water  t a b l e  v a r i e s  on ly  s l i g h t l y  i n  response t o  t h e s e  
changes i n  inf low.  Where s a l t s  a r e  p r e sen t  i n  t h e  s o i l ,  they tend t o  move upward 
t o  t h e  s u r f a c e  a s  c a p i l l a r y  r i s e  r e p l e n i s h e s  t h e  evapora t ion  from t h e  ground. 
Phreatophytes  grow where t h e  water  t a b l e  is  c l o s e  t o  o r  a t  t h e  su r f ace .  

Re l i e f  d r a i n s  may be  used t o  lower t h e  water  t a b l e  i n  such a r e a s ,  un l e s s  s o i l  
pe rmeab i l i t y  i s  too low. The ground-water s l o p e  i s  too n e a r l y  f l a t  and t h e  
perv ious  sediments a r e  too deep f o r  e f f i c i e n t  i n t e r c e p t i o n  (except ,  perhaps,  a t  
t h e  s i d e s  of v a l l e y s  near  t h e  ba se  of t h e  h i l l s  o r  t h e  a l l u v i a l  cones) .  Where 
economically f e a s i b l e ,  pumped-drainage w e l l s  a r e  sometimes used t o  lower t h e  
basin- type water  t a b l e .  

Water t a b l e  over  an a r t e s i a n  a q u i f e r  
Ground water  may be  confined i n  an a q u i f e r  s o  t h a t  i t s  p r e s su re  s u r f a c e  (eleva-  
t i o n  t o  which i; would r i s e  i n  a  w e l i  t apping  t h e  a q u i f e r )  i s  h igher  than t h e  
ad j acen t  f ree-water  t a b l e .  The p r e s s u r e  s u r f a c e  may o r  may no t  be  h igher  than  
t h e  ground su r f ace .  Such ground water  is  termed a r t e s i a n .  P re s su re  i n  t h e  
a q u i f e r  is  from t h e  weight of a  cont inuous body of water  extending t o  a  source  
h ighe r  than  t h e  p r e s s u r e  su r f ace .  Leaks a t  ho l e s  o r  weak p o i n t s  i n  t h e  conf in ing  
l a y e r  above t h e  a q u i f e r  c r e a t e  an upward f low,  w i th  hyd rau l i c  head decreas ing  i n  
t h e  upward d i r e c t i o n .  The ground wa te r  moves i n  response t o  t h i s  hyd rau l i c  
g r a d i e n t  and escapes  as seepage a t  t he  ground s u r f a c e  above, o r  i t  escapes  
l a t e r a l l y  through o t h e r  a q u i f e r s  above t h e  conf in ing  l a y e r .  



A water  t a b l e  supported by a r t e s i a n  p r e s su re  u s u a l l y  i s  more d i f f i c u l t  t o  lower 
and main ta in  a t  t h e  d e s i r e d  he igh t  than a  water  t a b l e  no t  s u b j e c t  t o  such 
p re s su re .  This  i s  because water  is  cont inuous ly  rep len ished  from t h e  h ighe r  
source  and because i t  is  d i f f i c u l t  t o  remove o r  c o n t r o l  water  a t  t h e  source.  
Wet a r e a s  over ly ing  water  under a r t e s i a n  p r e s su re  r e q u i r e  r e l a t i v e l y  deep and 
c l o s e l y  spaced d r a i n s ,  r e l i e f  w e l l s ,  o r  pumped-drainage w e l l s  t h a t  t a p  t h e  
a q u i f e r .  Such a r e a s  may be  i m p r a c t i c a l  t o  d r a i n .  

The dra inage  system requi red  t o  c o n t r o l  a r t e s i a n  f low may depend on t h e  kind of 
under ly ing  m a t e r i a l .  The upward f low from t h e  source  a q u i f e r  may r each  t h e  
water  t a b l e  through a  s t r a tum of f a i r l y  uniform m a t e r i a l ,  o r  i t  may pass  through 
f r a c t u r e s  o r  o t h e r  narrow openings i n  sandstone,  c l a y ,  l a v a ,  l imes tone ,  o r  o t h e r  
m a t e r i a l s  t h a t  i n  themselves a r e  p r a c t i c a l l y  impermeable. Sur face  seeps  i n  some 
p l ace s  a r e  caused by a r t e s i a n  f low t h a t  w e l l s  up through r e l a t i v e l y  smal l  openings 
i n  t h e  conf in ing  m a t e r i a l ,  causing ground-water mounds o r  s u r f a c e  seeps .  This  
kind of seep u s u a l l y  may b e  dra ined  by p lac ing  a  r e l i e f  d r a i n  a s  deep a s  p r a c t i -  
c a b l e  through t h e  seepage zone. Addi t iona l  i n t e r c e p t i n g  d r a i n s  may be  needed t o  
p i ck  up flow t h a t  escapes l a t e r a l l y  above t h e  conf in ing  l a y e r .  

Perched-water t a b l e  
I n  s t r a t i f i e d  s o i l ,  a  subsurface-drainage problem may be caused where excess  
water  i n  t h e  normal r o o t  zone is  he ld  up by a  l a y e r  of low permeabi l i ty  so t h a t  
t h e  perched water  is disconnected from t h e  main body of ground water .  This  may 
occur when s u r f a c e  sources  b u i l d  up a  l o c a l  water  t a b l e  over t h e  s lowly permeable 
l a y e r .  L a t e r a l  pe r co l a t i on  i s  too slow t o  d r a i n  t h e  perched water  n a t u r a l l y .  

Drainage systems f o r  perched-water t a b l e s  a r e  based on t h e  p a r t i c u l a r  s i t e  con- 
d i t i o n s .  Usua l ly  they c o n s i s t  of r e l i e f  d r a i n s ,  bu t  an  i n t e r c e p t i o n  d r a i n  may 
be  e f f e c t i v e  i n  c u t t i n g  of f  l a t e r a l  seepage i n t o  t h e  wet a r e a .  T h e o r e t i c a l l y ,  
perched water  could be  dra ined  downward by d r i l l i n g  v e r t i c a l  d r a i n s  (wel l s )  
through t h e  r e s t r i c t i v e  l a y e r .  A co l l ec t i on -d ra in  system probably would be 
necessary ,  however, and t h e  v e r t i c a l  d r a i n s  might be imprac t i ca l  o u t l e t s  f o r  
economic o r  o t h e r  reasons .  Perched-water t a b l e s  i n  i r r i g a t e d  a r e a s  may be  sub- 
j e c t  t o  c o n t r o l  by reducing seepage from c a n a l s ,  by improving i r r i g a t i o n  p r a c t i -  
c e s ,  o r  by providing adequate  s u r f a c e  dra inage .  

L a t e r a l  ground-water f low problems 
This  group of subsurface-drainage problems i s  cha rac t e r i zed  by more o r  l e s s  
h o r i z o n t a l  ground-water p e r c o l a t i o n  w i th in  o r  toward t h e  crop-root zone. The 
flow p a t t e r n  is  s t r o n g l y  in f luenced  by s o i l  s t r a t i f i c a t i o n  and o t h e r  n a t u r a l  
b a r r i e r s  t o  f low.  

Adjacent s o i l  l a y e r s  o f t e n  have p e r m e a b i l i t i e s  t h a t  d i f f e r  a  hundred o r  a thou- 
sand f o l d .  According t o  Darcy 's  law of f low,  t h e  e f f e c t i v e  v e l o c i t y  under a  
given g r a d i e n t  v a r i e s  d i r e c t l y  w i th  t h e  permeabi l i ty .  Flow of ground water  i s  
d iscussed  f u r t h e r  i n  t h e  s e c t i o n  on " S u b s u r f a c e - ~ r a i n a ~ e  P r inc ip l e s . "  A l l  
s i g n i f i c a n t  f low may be l i m i t e d  t o  t h e  more permeable l a y e r s .  The depth ,  
o r i e n t a t i o n ,  and i n c l i n a t i o n  of t h e  s t r a t a  determine t h e  d r a inage  method and 
l o c a t i o n .  For  example, h i l l s i d e  seepage may appear  where ground water  moves 
l a t e r a l l y  over  bedrock o r  over  a  l a y e r  of f i n e  sediments  t o  a  po in t  where i t  
emerges a t  t h e  su r f ace .  One o r  more i n t e r c e p t i n g  d r a i n s  may be  used t o  c u t  o f f  
t h e  flow which o therwise  would reach  t h e  r o o t  zone. 

A l l u v i a l  f a n s  and v a l l e y  bottoms commonly c o n t a i n  sand o r  g r a v e l  d e p o s i t s .  These 
occur i n  a v a r i e t y  of ways, a s  i n  deep ex t ens ive  l a y e r s ,  narrow " s t r i n g e r s "  
(old streambed l o c a t i o n s ) ,  l e n s e s ,  o r  i n  h igh ly  s t r a t i f i e d  s o i l  p r o f i l e s .  Such 



r a p i d l y  permeable d e p o s i t s  may s e r v e  a s  channels  f o r  ground-water movement i n  
some p l ace s  a t  h igh  r a t e s  of flow. A s o i l  l a y e r  of low permeabi l i ty  over ly ing  
such an  a q u i f e r  may c r e a t e  a  degree  of confinement,  which i n  t u r n  develops an 
upward hyd rau l i c  g r a d i e n t ,  p a r t i c u l a r l y  i f  t h e  lower end of t h e  a q u i f e r  is  c losed  
o r  of reduced permeabi l i ty .  I n t e r c e p t i o n  d r a i n s  a r e  e f f e c t i v e  where t h e  a q u i f e r  
is c l o s e  enough t o  t h e  s u r f a c e  s o  t h a t  i t  i s  f e a s i b l e  t o  c u t  o f f  t h e  flow. 
Re l i e f  w e l l s  o r  pumping may b e  used where i n t e r c e p t i o n  is  no t  p r a c t i c a l .  

Subsurface s o i l  masses of low pe rmeab i l i t y ,  such a s  c l a y  l e n s e s  and o f f sho re  
c l a y  b a r s  formed i n  t h e  geologic  p a s t ,  a r e  l o c a l  b a r r i e r s  t o  ground-water flow. 
They may cause t h e  water  t a b l e  t o  be he ld  t o  a  h igh  l e v e l  and t h e  flow t o  escape  
around o r  over  t h e  b a r r i e r .  Permeable l a y e r s  t h a t  become t h i n n e r  o r  g r adua l ly  
dec rea se  i n  pe rmeab i l i t y  i n  a  downstream d i r e c t i o n  have a  s i m i l a r  e f f e c t  on t h e  
wa te r  t a b l e .  Drains  placed j u s t  upslope from t h e  r e s t r i c t i o n  u s u a l l y  a r e  e f fec-  
t i v e  i n  t h e s e  s i t u a t i o n s .  I r r i g a t i o n  cana l  seepage c r e a t e s  another  kind of 
l a t e r a l  ground-water f low problem. An i n t e r c e p t i n g  d r a i n  a t  t h e  t oe  of a cana l  
bank o r  r i v e r  l e v e e  may c u t  o f f  much of t h e  flow t h a t  would reach  t h e  wet a r e a  
where a h o r i z o n t a l  b a r r i e r  forms a  convenient  " f l oo r "  f o r  i n t e r c e p t i o n .  However, 
t h e  de s igne r  must cons ide r  t h e  s t e e p e r  hyd rau l i c  g r a d i e n t  such a  d r a i n  causes 
and e v a l u a t e  i t s  e f f e c t  on t h e  canal-seepage l o s s  and on t h e  s t a b i l i t y  of t h e  
embankment a g a i n s t  s loughing  o r  p ip ing .  River  seepage through o r  under l evees  
c r e a t e s  s i m i l a r  problems. 

These examples i l l u s t r a t e  t h e  un l imi ted  v a r i e t y  of subsurface-drainage problems. 
The p r i n c i p l e s  of i n t e r c e p t i o n ,  r e l i e f ,  o r  pumped-well d r a inage  may be  appl ied  
t o  each according t o  t h e  p a t t e r n  of subsur face  flow. The p a t t e r n  of flow becomes 
known from a  f i e l d  i n v e s t i g a t i o n  of s o i l  s t r a t i f i c a t i o n ,  water  source ,  and wa te r  
t a b l e  or p re s su re  d a t a .  

D i f f e r ences  i n  Drainage i n  Humid and Arid Areas 

Drainage i n  humid a r e a s  ha s  t o  do l a r g e l y  w i th  excess  water  r e s u l t i n g  from pre- 
c i p i t a t i o n ;  i n  a r i d  and semiar id  a r e a s ,  t h e  need f o r  d r a inage  a r i s e s  p r i n c i p a l l y  
from i r r i g a t i o n ,  w i t h  f o r e i g n  ground water  an  important  sou rce  i n  some a r e a s .  

Surface-drainage systems may be  requi red  i n  e i t h e r  humid o r  i n  i r r i g a t e d  a r e a s .  
Sur face  dra inage  ia u s u a l l y  an i n t e g r a l  p a r t  of i r r i g a t i o n  systems on s lowly 
permeable s o i l s  o r  i n  a r e a s  of h igh  p r e c i p i t a t i o n  r a t e s .  

The purpose of subsu r f ace  dra inage  i s  t o  lower t h e  water  t a b l e  t o  a  po in t  where 
i t  w i l l  n o t  i n t e r f e r e  w i th  p l a n t  growth and development. The minimum depth a t  
which t h e  water  l e v e l  should be  maintained v a r i e s  according t o  bo th  t h e  crop 
requirement  and t h e  s o i l .  One of t h e  p r i n c i p a l  f a c t o r s  i n  t h e  he igh t  of t h e  
water  t a b l e  i n  a r i d  a r e a s  i s  c o n t r o l  of s a l i n i t y  and a l k a l i n i t y  i n  t h e  s o i l  and 
ground water .  This  i s  a  major reason  f o r  t h e a d i f f e r e n c e  i n  t h e  subsur face  
d r a inage  of humid and of a r i d  c l ima te s .  

The depth of d r a i n s  i n  humid c l ima te s  is  g e n e r a l l y  3 t o  5 f e e t .  Water is  
r e l a t i v e l y  pure ,  t h e r e  u s u a l l y  is  a  n a t u r a l  excess  of water  over  p l a n t  requi re -  
ments,  and t h e r e  is  a n e t  downward movement of ground wa te r .  

S o i l s  i n  semiar id  o r  a r i d  c l ima te s  r e q u i r e  subsur face  d r a i n s  a t  l e a s t  5 t o  7 f e e t  
deep. Most of t h e  wa te r  needed by t h e  crop is  added by i r r i g a t i o n .  Usual ly 
ground water  is somewhat s a l i n e  because of s a l t s  i n  t h e  s o i l ,  t h e  i r r i g a t i o n  wa- 
ter, o r  both.  A wate r  t a b l e  a s  h igh  a s  24-30 inches  below t h e  s u r f a c e ,  s u i t a b l e  
i n  many humid a r e a s ,  would c r e a t e  a  harmful s a l t  concen t r a t i on  i n  t h e  r o o t  zone 
i n  a r i d  a r e a s .  



Crop Requirements 

E f f e c t s  of excess  water  on crops 

The growth of most a g r i c u l t u r a l  c rops  is  sha rp ly  a f f e c t e d  by cont inued s a t u r a t i o n  
of any s u b s t a n t i a l  p a r t  of t h e  r o o t  zone o r  by ponded water  on t h e  su r f ace .  
Poorly dra ined  s o i l s  dep re s s  crop product ion i n  s e v e r a l  ways: 

1. Evaporat ion,  which t a k e s  h e a t  from t h e  s o i l ,  lowers  s o i l  temperature.  
Also, wet s o i l  r e q u i r e s  more h e a t  t o  warm up than does dry  s o i l ,  due 
t o  t h e  h igh  s p e c i f i c  h e a t  of water  a s  compared t o  t h a t  of s o i l .  Thus, 
t h e  growing season is  shor tened .  

2 .  S a t u r a t i o n  o r  s u r f a c e  ponding s t o p s  a i r  c i r c u l a t i o n  i n  t h e  s o i l  and pre- 
v e n t s  b a c t e r i a l  a c t i v i t y .  

3 .  C e r t a i n  p l a n t  d i s e a s e s  and p a r a s i t e s  a r e  encouraged. 

4 .  High water  t a b l e  l i m i t s  r o o t  pene t r a t i on .  

5. S o i l  s t r u c t u r e  is  adverse ly  a f f e c t e d .  

6. S a l t s  and a l k a l i ,  i f  p r e sen t  i n  t h e  s o i l  o r  ground wa te r ,  t end  t o  be  
concent ra ted  i n  t h e  r o o t  zone o r  a t  t h e  s o i l  su r f ace .  

7 .  Wet s p o t s  i n  t h e  f i e l d  de l ay  farm ope ra t i ons  o r  p revent  uniform 
t r ea tmen t .  

Drainage requirements  determined by crops 

D i f f e r e n t  c rops  have widely d i f f e r i n g  t o l e r ances  f o r  excess  water ,  bo th  a s  t o  
amount and t ime.  While water  i t s e l f  may no t  b e  i n j u r i o u s  t o  p l a n t  r o o t s ,  
s a t u r a t i o n  of t h e  r o o t  zone r e s u l t s  i n  an  oxygen de f i c i ency  and accumulation of 
t o x i c  ga se s .  A s h o r t  term of oxygen de f i c i ency  can reduce water  uptake,  n u t r i e n t  
uptake,  and r o o t  r e s p i r a t i o n  and b u i l d  up t o x i n s  which l e a d s  t o  dea th  of c e l l s  
and r o o t s ,  and,  i f  extended, t h e  dea th  of t h e  p l a n t  i t s e l f .  However, complete 
s a t u r a t i o n  of r o o t s  over  an extended per iod  may cause  no s e r i o u s  damage i f  i t  
occurs  dur ing  dormant per iods  of p l a n t  growth o r  f low from dra inage  is  s u f f i c i e n t  
t o  supply some oxygen and remove t o x i c  gases .  The des igne r  of a  d ra inage  system 
recognizes t h e s e  d i f f e r e n c e s  i n  crop requirements  by s e l e c t i n g  an a p p r o p r i a t e  
degree o r  i n t e n s i t y  of d ra inage  ( o f t e n  termed t h e  dra inage  requirement)  f o r  t h e  
s i t e .  The d ra inage  requirement  is based on (a )  t h e  maximum d u r a t i o n  and frequency 
of s u r f a c e  ponding, (b) t h e  maximum he igh t  of t h e  water  t a b l e ,  o r  ( c )  t h e  minimum 
r a t e  a t  which t h e  water  t a b l e  must be  lowered. The l o c a l  d ra inage  guide  i n d i c a t e s  
t h e  dra inage  c r i t e r i a  r equ i r ed  f o r  v a r i o u s  c rop-so i l  combinations. Fu r the r  i n fo r -  
mation and guidance can b e  ob ta ined  from r e p o r t s  of cont inu ing  r e sea rch  on e f f e c t s  
of f looding ,  wa t e r  t a b l e  depths  and s o i l  gases  on a g r i c u l t u r a l  crops ( 2 ) .  

Crop growth and t he  water  t a b l e  

The water  t a b l e  may be def ined  a s  t h e  upper s u r f a c e  of t h e  s a t u r a t e d  zone of f r e e ,  
unconfined ground water .  (A more accu ra t e  d e f i n i t i o n  has  been made i n  terms of 
water  p r e s su re s  and f i l m  t ens ions . )  The so i l -mois ture  conten t  f o r  a  s i g n i f i c a n t  
he igh t  above a  water  t a b l e  i s  s u b s t a n t i a l l y  g r e a t e r  than  f i e l d  capac i t y .  For t h i s  
reason ,  p lan t - roo t  growth i s  a f f e c t e d  by a  water  t a b l e  much more than  t h e  he igh t  
of water  t a b l e  a lone  i n d i c a t e s .  



Another important  f e a t u r e  of water  t a b l e s  i s  t h e i r  f l u c t u a t i o n ,  both seasona l  
and shor t -per iod .  Water t a b l e s  a r e  seldom s t a t i c .  They respond t o  a d d i t i o n s  
and d e p l e t i o n s  of ground water  from n a t u r a l  o r  a r t i f i c i a l  causes .  Sources such 
a s  d i s t a n t - i n f l u e n t  seepage from p r e c i p i t a t i o n  and streamflow a r e  s ea sona l ,  and 
t h e i r  e f f e c t s  on t h e  wet a r e a  may be delayed f o r  months o r  even yea r s .  D i r ec t  
p r e c i p i t a t i o n  and i r r i g a t i o n - p e r c o l a t i o n  was tes ,  of cou r se ,  may change t h e  
wa te r - t ab l e  he igh t  a lmost  immediately. 

Pumping from deep w e l l s  may cause a  g r adua l  lowering of t h e  water  t a b l e  a s  water  
is  taken from a  l a r g e  ba s in  of f r e e  ground water .  I n  o t h e r  a r e a s ,  pumping may 
make s i g n i f i c a n t  immediate changes i n  t h e  he igh t  of water  t a b l e  due t o  p r e s su re  
changes i n  confined water  which "supports"  t h e  water  t a b l e .  

I n  t h e  f i e l d  of d ra inage ,  i t  i s  important  t o  t h ink  of t h e  t r u e  r e l a t i o n  of t h e  
water  t a b l e  t o  r o o t  development and c rop  product ion.  The term "water t ab l e "  is  
sometimes mis lead ing .  C a p i l l a r y  f o r c e s  and f l u c t u a t i n g  ground-water flows r e s u l t  
i n  so i l -mois ture  cond i t i ons  t h a t  a r e  d i f f e r e n t  from t h e  erroneous concept of a  
sharp  break from s a t u r a t i o n  t o  a  much lower mois ture  conten t  such a s  f i e l d  
capac i t y .  A cons ide rab l e  amount of ground water  is p re sen t  and moves through 
t h e  s a t u r a t e d  and n e a r l y  s a t u r a t e d  s o i l  immediately above t h e  water  t a b l e .  

Surface-Drainage P r i n c i p l e s  

Sur face  dra inage  is  accomplished i n  two gene ra l  ways: ( a )  excess  water  is  
c o l l e c t e d  and removed from t h e  ground s u r f a c e  w i t h i n  t h e  a r e a  a f f e c t e d ;  o r ,  
(b)  by means of cons t ruc t i on  o u t s i d e  t h e  a r e a ,  water i s  d i v e r t e d  away from t h e  
a r e a  t o  be p ro t ec t ed .  I n  e i t h e r  c a s e ,  t h e  system i s  convenien t ly  d iv ided  i n t o  
t h r e e  f u n c t i o n a l  ' p a r t s :  

1. Co l l ec t i on  system. Bedding, f i e l d  d i t c h e s ,  row d i t c h e s ,  o r  d i v e r s i o n  
d i t c h e s  a r e  p a r t  of t he  system t h a t  f i r s t  p i cks  up water  from t h e  land .  

2 .  Disposa l  system. This  is  t h e  p a r t  of t h e  system t h a t  r ece ives  water  
from t h e  c o l l e c t i o n  system and conveys i t ,  u s u a l l y  i n  an open d i t c h ,  
t o  t h e  o u t l e t .  

3 .  Out l e t .  This  i s  t h e  end p o i n t  of t h e  dra inage  system under considera-  
t i o n .  

Fundamentally, s u r f a c e  dra inage  u se s  t h e  p o t e n t i a l  energy t h a t  e x i s t s  due t o  
e l e v a t i o n  t o  provide  a  hyd rau l i c  g r a d i e n t .  The surface-drainage system c r e a t e s  
a  f ree-water-surface s l o p e  t o  move water  from t h e  land t o  an  o u t l e t  a t  a lower 
e l e v a t i o n .  The des ign  of c o l l e c t i o n  systems,  such a s  bedding o r  f i e l d  d i t c h e s  
i n  f l a t l a n d  is based most ly on emp i r i ca l  c r i t e r i a ;  i . e . ,  t h e  des ign  is  based on 
f i e l d  obse rva t i ons  of drainage-system performance. The r a t e  a t  which s u r f a c e  
water  must be  removed from t h e  land is  a  func t i on  of t h e  crop requirement and 
t h e  source  of excess  water .  

The water-surface p r o f i l e  is t h e  s t a r t i n g  po in t  i n  t h e  de s ign  of t he  d i sposa l -  
system d i t c h e s .  I n  open d i t c h e s ,  t h e  hyd rau l i c  g r a d e l i n e  i s  t h e  water-surface 
p r o f i l e .  Usua l ly ,  t h e  survey of t h e  sur face-dra inage  o u t l e t  e s t a b l i s h e s  t h e  
lower hydrau l ic -cont ro l  po in t  f o r  t h e  de s ign  of t he  d i s p o s a l  system. Other con- 
t r o l  p o i n t s  a r e  t h e  land  e l e v a t i o n s  a r  c r i t i c a l  low a r e a s  and r e s t r i c t i o n s  i n  
t h e  d i t c h ,  such a s  c u l v e r t s ,  b r i dges ,  and we i r s .  The des ign  of a  d i s p o s a l  system 
invo lves ,  t h e r e f o r e ,  t h e  computation of a  water-surface p r o f i l e  through t h e  con- 
t r o l  p o i n t s ,  f o r  known o r  t r i a l  d i t c h  c r o s s  s e c t i o n s .  



B e r n o u l l i ' s  theorem i s  used t o  compute t h e  hyd rau l i c  g r a d e l i n e  f o r  steady-flow 
cond i t i ons .  Losses  of head due t o  f r i c t i o n  a r e  computed by an  open-channel 
formula, u s u a l l y  Manning's. Head l o s s e s  a t  c o n s t r i c t i o n s  causing nonuniform 
f low, such a s  a t  b r i dges  o r  c u l v e r t s ,  a r e  computed by formula us ing  app rop r i a t e  
l o s s  c o e f f i c i e n t s .  The f i e l d  survey must i nc lude  s u f f i c i e n t  in format ion  f o r  
eva lua t i on  of t h e  roughness and c ro s s - s ec t i on  f a c t o r s ,  inc lud ing  head l o s s  through 
o b s t r u c t i o n s .  

I n  d r a inage  des ign ,  nonsteady f low may occur a s  i n  d i scharge  i n t o  t i d a l  s t reams.  
Such problems may sometimes be solved by d iv id ing  time i n t o  convenient  increments  
w i t h i n  each of which t h e  vary ing  flow may b e  taken  a s  a  cons t an t ,  mean-flow r a t e .  

Subsurface-Drainage P r i n c i p l e s  

Forms of s o i l  water  

Gravi ty  water  
Water t h a t  is  f r e e  t o  move downward through t h e  s o i l  by t h e  f o r c e  of g r a v i t y  i s  
c a l l e d  g r a v i t y  water .  A t  s a t u r a t i o n ,  a l l  pores  a r e  f i l l e d  and t h e  s o i l  ho lds  
t h e  maximum amount of water  t h a t  can be  absorbed wi thout  d i l a t i o n .  (D i l a t i on  
is  t h e  bu lk ing  o r  f l o t a t i o n  of s o i l  g r a i n s . )  

C a p i l l a r y  water  
C a p i l l a r y  water  i s  held i n  t h e  s o i l  a g a i n s t  g r a v i t y .  It inc ludes  t h e  f i l m  of 
water  l e f t  around t h e  s o i l  g r a i n s  and t h e  water  f i l l i n g  t h e  smal le r  pores  a f t e r  
g r a v i t y  water  ha s  dra ined  o f f .  

I f  g r a v i t y  water  i s  allowed t o  d r a i n  from a  s a t u r a t e d  s o i l  (no t  in f luenced  by 
a  water  t a b l e ) ,  t h e  q u a n t i t y  of c a p i l l a r y  water  held i s  c a l l e d  f i e l d  capac i t y .  
Close t o  t h e  water  t a b l e ,  t h e  q u a n t i t y  of c a p i l l a r y  water  held i n  a g r anu l a r  
m a t e r i a l  i s  g r e a t e r  than f i e l d  c a p a c i t y .  The amount of water  held a t  a  given 
po in t  depends on t h e  d i s t a n c e  above t h e  water  t a b l e ,  a s  w e l l  a s  on t h e  s o i l  pore 
s i z e s  and shapes.  This  form of c a p i l l a r y  water  is sometimes c a l l e d  f r i n g e  water .  
J u s t  above t h e  water  t a b l e ,  f r i n g e  water  completely f i l l s  t h e  c a p i l l a r y  pores ,  
and i n  t h i s  r e l a t i v e l y  narrow zone, s a t u r a t i o n  occurs  a t  s l i g h t  nega t i ve  p r e s su re  
( t e n s i o n ) .  Openings s o  l a r g e  t h a t  c a p i l l a r y  r i s e  i n  them i s  n e g l i g i b l e  a r e  
c a l l e d  s u p e r c a p i l l a r y  openings. Examples of m a t e r i a l s  conta in ing  s u p e r c a p i l l a r y  
openings a r e  g r a v e l ,  boulders ,  some forms of l a v a ,  s t r u c t u r a l l y  f r a c t u r e d  rock 
o r  c l a y ,  s o l u t i o n  openings i n  rock ,  and s o i l  conta in ing  r o o t  ho l e s .  

Hygroscopic water  
When a g ranu l a r  m a t e r i a l  is  completely d r i e d  by hea t i ng ,  then  exposed t o  t h e  a i r ,  
i t  absorbs atmospheric  mo i s tu r e .  This  water ,  when i n  equi l ib r ium wi th  t he  
atmospheric  mois ture ,  i s  c a l l e d  hygroscopic wa te r .  

The water t a b l e  and t h e  c a p i l l a r y  f r i n g e  

The water  t a b l e  is  t h e  upper s u r f a c e  of t h e  s a t u r a t e d  zone of f r e e  ground water .  
Free  ground water  is  def ined  a s  water  n e i t h e r  confined by a r t e s i a n  cond i t i ons  
nor s u b j e c t  t o  t h e  f o r c e s  of s u r f a c e  tens ion .  A t  t h e  water  t a b l e ,  water  p r e s su re  
is  a t  a tmospheric  pressure .  Thus t h e  water  t a b l e  i s  t he  imaginary s u r f a c e  sepa- 
r a t i n g  c a p i l l a r y  water  (under t ens ion )  from t h e  f r e e  ground water  below. 

The water  t a b l e  i n  g r anu l a r  m a t e r i a l  i s  not  an observable ,  phys i ca l  s u r f a c e  be- 
cause c a p i l l a r y  water  s a t u r a t e s  t h e  m a t e r i a l  j u s t  above t h e  water  t a b l e  and 
decreases  i n  amount g r adua l ly  upward. An except ion  i s  water  i n  s u p e r c a p i l l a r y  



openings,  i n  which t h e  water  i s  i n  equ i l i b r i um wi th  t h e  atmosphere. Auger ho l e s  
and piezometers  a r e  s u p e r c a p i l l a r y  i n  s i z e  and open t o  t h e  atmosphere, and s o  
they f i l l  t o  t h e  t r u e  water - tab le  l e v e l  when bored o r  d r iven  j u s t  i n t o  t h e  water  
t a b l e .  

When an  auger ho l e  is  bored t o  l o c a t e  t h e  water  t a b l e  i n  a  f i n e  o r  mediurn- 
t ex tu red  s o i l ,  t h e  observer  f i n d s  i t  d i f f i c u l t  t o  recognize  t h e  top of t h e  
s a t u r a t e d  zone because of t h e  gradua l  change from mois t  t o  s a t u r a t e d  s o i l .  Also, 
i t  may t a k e  hours  o r  even days f o r  an auger h o l e  t o  r e g i s t e r  t h e  water  t a b l e  i n  
s lowly permeable s o i l s .  Small w e l l s  o r  piezometers  r e a c t  more qu ick ly  than l a r g e  
ones because l e s s  water  need flow through t h e  s o i l  t o  f i l l  t h e  smal le r  openings. 

Water i n  t h e  c a p i l l a r y  f r i n g e  may be  a  s i g n i f i c a n t  p ropo r t i on  of ground water  
moving toward subsu r f ace  drains--as much a s  20 percent  o r  more under some 
cond i t i ons .  

An auger  h o l e  o r  p i p e  should p e n e t r a t e  t h e  s a t u r a t e d  zone only a s h o r t  way i f  t h e  
water - tab le  e l e v a t i o n  is  t o  be measured accu ra t e ly .  This  is p a r t i c u l a r l y  impor- 
t a n t  where upward flow o r  confined flow would b e  tapped by a  deeper ho le .  An 
auger  h o l e  t h a t  p e n e t r a t e s  two o r  more a q u i f e r s  i n  a  s t r a t i f i e d  s o i l  conta in ing  
confined water  would r e g i s t e r  t h e  h i g h e s t  hyd rau l i c  head modified by leakage 
from t h e  a q u i f e r s  of h ighe r  hyd rau l i c  head t o  t hose  of lower head. 

These c h a r a c t e r i s t i c s  of t h e  water  t a b l e  have a  s i g n i f i c a n t  bear ing  on t h e  kind 
of  f i e l d  measurements t o  be  made, on t h e  devices  used t o  make t h e  observa t ions ,  
and on t h e  i n t e r p r e t a t i o n s  of d a t a  f o r  drain-system des ign .  

P r i n c i p l e s  of flow i n  t h e  s a t u r a t e d  zone 

Flow of water  i n  t h e  s a t u r a t e d  zone i nvo lves  mechanical,  chemical ,  and thermal  
energy,  and molecular  a t t r a c t i o n .  A f u l l  d i s cus s ion  of so i l -wa te r  movement is 
i n  numerous p u b l i c a t i o n s  on s o i l  phys ics  and s o i l  permeabi l i ty .  Here only t h e  
mechanical f o r c e s  tending  t o  move water  through s o i l s  w i l l  be  considered.  

Hydraul ic  head 

I n  s a t u r a t e d  flow through s o i l s ,  a s  i n  open channel  f low,  t h e  t o t a l  energy con- 
t e n t  (E)  of water  is t h e  sum of t h e  k i n e t i c ,  p r e s su re ,  and g r a v i t y  components. 
A s  expressed i n  B e r n o u l l i ' s  equat ion:  

E = k i n e t i c  energy -I- pre s su re  p o t e n t i a l  + e l e v a t i o n  p o t e n t i a l .  

V e l o c i t i e s  i n  ground-water flow a r e  almost  always low, making t h e  v e l o c i t y  
( k i n e t i c )  term n e g l i g i b l e .  E s s e n t i a l l y ,  t hen ,  t h e  energy causing flow is  t h e  
sum of t h e  two p o t e n t i a l  energy i t e m s ,  p r e s su re  and e l eva t i on .  This  p o t e n t i a l  
f o r  f low i s  c a l l e d  "hydraul ic  head." 

I n  t h e  English system of u n i t s ,  energy i s  expressed foot-pounds. Hydraul ic  head 
is convenient ly expressed a s  t he  energy conten t  per  u n i t  weight of wa t e r ,  o r  
foot-pounds per  pound, which is  f e e t ,  d imens iona l ly .  Thus, t h e  hyd rau l i c  head 
( f i g .  1 - l ) ,  a t  a  g iven  po in t  is: 

where H = hydrau l i c  head,  f t . ;  P = p r e s s u r e  a t  t h e  po in t  r e f e r r e d  t o  t h e  atmos- 
phere ,  l b / f t 2 ;  W = s p e c i f i c  weight of t h e  water ,  l b / f t 3 ;  and Z = e l e v a t i o n  of 
t h e  po in t  above a  datum, f t .  



-- 

Figure 1-1, Illustration of hydraulic head 

P r e s s u r e  Head 
a t  P o i n t  " P "  = 
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H y d r a u l i c  G r a d i e n t  = HI - Hz 

L 

Figure 1-2, Illustration of hydraulic gradient 
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Piezomete rs  c o n v e r t  p r e s s u r e  a t  a  p o i n t  t o  a  p h y s i c a l  p r e s s u r e  head t h e  h e i g h t  
of t h e  w a t e r  column i n  t h e  piezometer .  T h i s  h e i g h t  i s  n o t  h y d r a u l i c  head,  s i n c e  
i t  is o n l y  t h e  term P/W i n  t h e  e q u a t i o n .  To f i n d  t h e  h y d r a u l i c  head a t  t h e  p o i n t  
( lower  end of t h e  p iezomete r )  t h e  e l e v a t i o n  (Z)  of t h e  p o i n t  above t h e  datum must 
b e  added t o  t h e  p r e s s u r e  head. The e l e v a t i o n  of t h e  w a t e r  s u r f a c e  i n  t h e  piezom- 
eter ,  r e f e r r e d  t o  t h e  datum, is  P/W + Z ,  and s o  is  numer ica l ly  e q u a l  t o  t h e  
h y d r a u l i c  head a t  t h e  lower end of t h e  piezometer .  

Hydrau l ic  g r a d i e n t  

Ground-water f low r e s u l t s  from t h e  f o r c e  " a v a i l a b l e "  t o  move w a t e r  through t h e  
s o i l  due t o  d i f f e r e n c e s  i n  energy c o n t e n t ;  i . e . ,  d i f f e r e n c e s  i n  h y d r a u l i c  head.  
T h i s  is  ana lagous  t o  t h e  f low of h e a t  o r  e l e c t r i c i t y ,  where flow i s  due t o  
d i f f e r e n c e s  i n  t empera ture  ( h e a t  p o t e n t i a l )  o r  d i f f e r e n c e s  i n  v o l t a g e  ( e l e c t r i c a l  
p o t e n t i a l ) .  Hydrau l ic  g r a d i e n t  is  t h e  d i f f e r e n c e  i n  h y d r a u l i c  head a t  two p o i n t s ,  
d i v i d e d  by t h e  d i s t a n c e  between t h e  p o i n t s  measured a long  t h e  path of f low -- 
( f i g .  1-2) .  I n  t h i s  f i g u r e ,  t h e  p l a n e  of t h e  paper  i s  a  v e r t i c a l  s u r f a c e  through 
t h e  p a t h  o f  f low.  

H1 - H2 
Hydrau l ic  G r a d i e n t  = 

where L = d i s t a n c e  measured a long  t h e  p a t h  of f low,  f t .  

S u b s c r i p t s  1 and 2 r e f e r  t o  t h e  p o i n t s  of t h e  h i g h e r  and lower h y d r a u l i c  
head,  r e s p e c t i v e l y ;  o t h e r  u n i t s  a r e  d e f i n e d  i n  t h e  p reced ing  paragraphs .  

I n  a  g i v e n  f low system ( f i g .  1-3) each " p a r t i c l e "  of w a t e r  i n  t h e  system h a s  i t s  
cor responding  h y d r a u l i c  head. A l l  p a r t i c l e s  o r  p o i n t s ,  of a g i v e n  h y d r a u l i c  head 
( H i )  l i e  i n  t h e  cor responding  e q u i p o t e n t i a l  s u r f a c e  ( H I ) .  A l l  p o i n t s  of h y d r a u l i c  
head H2 l i e  i n  t h e  e q u i p o t e n t i a l  s u r f a c e  H z ,  and s o  on. The f o r c e  t end ing  t o  pro- 
duce f low a c t s  i n  t h e  d i r e c t i o n  of g r e a t e s t  d e c r e a s e  i n  h y d r a u l i c  head;  i . e . ,  
normal t o  t h e  e q u i p o t e n t i a l  s u r f a c e ,  a s  F a t  p o i n t  P ,  o r  F '  a t  p o i n t  P ' .  The 
magnitude of t h i s  f o r c e  is p r o p o r t i o n a l  t o  t h e  h y d r a u l i c  g r a d i e n t  a t  t h e  p o i n t .  

A t  t h e  w a t e r  t a b l e ,  t h e  p r e s s u r e  component of energy (P/W) i s  ze ro  r e l a t i v e  t o  
a tmospher ic  p r e s s u r e .  There fore ,  t h e  h y d r a u l i c  head H of a  p o i n t  a t  t h e  wate r  
t a b l e  i s  Z ,  t h e  e l e v a t i o n  of t h e  p o i n t  above t h e  datum. 

Water- table  s l o p e  r e p r e s e n t s  t h e  h y d r a u l i c  g r a d i e n t  of f low o n l y  under c e r t a i n  
c o n d i t i o n s .  Hydrau l ic  g r a d i e n t  may d i f f e r  g r e a t l y  from t h e  w a t e r - t a b l e  s l o p e  
where t h e r e  i s  s i g n i f i c a n t  upward o r  downward component of f low such  a s  i n  t h e  
v i c i n i t y  of pumping w e l l s  o r  s u b s u r f a c e  d r a i n s ,  i n  f low from a r t e s i a n  a q u i f e r s ,  
and i n  u n s a t u r a t e d  seepage  from c a n a l s .  As shown i n  f i g u r e  1-4, s l o p e  of t h e  
w a t e r  t a b l e  i s  H1 - H2 (or  t angen t  of t h e  a n g l e )  by d e f i n i t i o n .  S is  t h e  h o r i -  

S 
z o n t a l  p r o j e c t i o n  of t h e  p a t h  of f low L. But t h e  h y d r a u l i c  g r a d i e n t  is H1 - H2 

L 
( o r  s i n e  of t h e  a n g l e ) .  On f l a t  g r a d i e n t s  and w i t h  p a r a l l e l  f low,  t h e  water- 
t a b l e  s l o p e  i s  e s s e n t i a l l y  t h e  h y d r a u l i c  g r a d i e n t  because S = L n e a r l y  ( t a n g e n t  
i s  n e a r l y  t h e  same a s  t h e  s i n e  f o r  s m a l l  a n g l e s ) .  It should b e  noted t h a t  t h e  



Figure  1-3, E q u i p o t e n r i a l  surfaces 

-- H y d r a u l i c  G r a d i e n t  a t  Water T a b l e  = 
HI- H 2  -- 
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HI - Hz 1. S l o p e  o f  W a t e r  T a b l e  .-- 
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Figure  1-4, D i f f e r e n c e  between h y d r a u l i c  g r a d i e n t  
and s l o p e  of t h e  water  t a b l e  



water  t a b l e  is  no t  i n v a r i a b l y  a  pa th  of f low; water  may be flowing down from o r  
up i n t o  t h e  unsa tu ra t ed  zone, t hus  c ro s s ing  t h e  water  t a b l e .  

Pa th s  of f low ( s t r eaml ines )  

The f o r c e  due t o  hyd rau l i c  g r a d i e n t  t ends  t o  move water  a long t h e  l i n e  of f o r c e  
normal t o  t h e  e q u i p o t e n t i a l  su r f ace s .  Whether t h e  flow moves a c t u a l l y  i n  t he  
same d i r e c t i o n  a s  t h e  l i n e  of f o r c e  depends on whether t h e  s o i l  has  t h e  same 
hyd rau l i c  conduc t iv i t y  i n  a l l  d i r e c t i o n s .  I f  t h e  s o i l  i s  " i s o t r o p i c , "  i . e . ,  i f  
i t s  hyd rau l i c  conduc t iv i t y  is  t h e  same i n  a l l  d i r e c t i o n s ,  t h e  pa th  of flow w i l l  
b e  along t h e  l i n e s  of f o r c e  and perpendicu la r  t o  t h e  e q u i p o t e n t i a l  su r f ace s .  

I f  t h e  s o i l  has  a  h ighe r  hydrau l ic  conduc t iv i t y  i n  one d i r e c t i o n  than i n  another  
d i r e c t i o n ,  t h e  pa th  of f low w i l l  no t  be  perpendicu la r  t o  t h e  e q u i p o t e n t i a l  sur-  
f a c e .  Such a  s o i l  i s  s a i d  t o  be  " an i so t rop i c . "  Water-laid s o i l s  o f t e n  have 
bedding p lanes  o r  p a r t i c l e  o r i e n t a t i o n  causing them t o  be  a n i s o t r o p i c .  The 
p a t h s  of f low i n  a n i s o t r o p i c  s o i l s  w i l l  b e  perpendicu la r  t o  t h e  e q u i p o t e n t i a l  
s u r f a c e s  a t  p o i n t s  where t h e  l i n e s  of f o r c e  a r e  e x a c t l y  p a r a l l e l  t o  o r  normal 
t o  t h e  bedding p lane .  A s o i l  w i th  m i c r o s t r a t i f i c a t i o n  ( t h i n  l a y e r s  wi th  widely 
d i f f e r e n t  hyd rau l i c  c o n d u c t i v i t i e s )  w i l l  cause  water  t o  f low i n  a  way s i m i l a r  
t o  t h e  f low i n  an a n i s o t r o p i c  s o i l .  

Many f low systems common i n  s o i l  d r a inage  may be s t ud i ed  i n  two dimensions r a t h e r  
than  t h r e e ,  because of un i formi ty  i n  t h e  t h i r d  dimension. Equ ipo t en t i a l  l i n e s  
then  r ep re sen t  t h e  i n t e r s e c t i o n  of t h e  p l ane  of t h e  paper w i th  t h e  e q u i p o t e n t i a l  
s u r f a c e s .  An example of t h i s  r e p r e s e n t a t i o n  i s  t h e  flow i n t o  a  system of p a r a l l e l  
d r a i n s ,  where t h e  f low is  a t  r i g h t  ang l e s  t o  t h e  d r a i n s .  

A two-dimensional system on t h e  X-Y p lane  i s  i l l u s t r a t e d  i n  f i g u r e  1-5. The s o i l  
is  i s o t r o p i c  (hyd rau l i c  conduc t iv i t y  i s  uniform i n  a l l  d i r e c t i o n s )  i n  f i g u r e  1-5. 
F igure  1-6 shows another  s o i l ,  w i th  a  l i n e  of f o r c e  normal t o  t h e  e q u i p o t e n t i a l  
l i n e  and a t  an ang l e  b t o  t h e  v e r t i c a l  a x i s  Y .  But i n  t h i s  s o i l ,  which i s  
a n i s o t r o p i c , t h e  h o r i z o n t a l  hyd rau l i c  conduc t iv i t y  Kh exceeds t h e  v e r t i c a l  hydrau- 
l i c  conduc t iv i t y  Kv. The d i r e c t i o n  of f low is no t  a long t h e  l i n e  of f o r c e ,  bu t  
a long a  l i n e  c l o s e r  t o  t h e  h o r i z o n t a l  a x i s .  It may be shown t h a t  t h e  angle  t h e  
pa th  of f low makes w i th  t h e  h o r i z o n t a l  i s  

K a = tan-' Kh zan 
Thus, t h e  f low p a t t e r n  may be  computed and drawn f o r  an  a n i s o t r o p i c  system i f  
t h e  e q u i p o t e n t i a l  l i n e s  a r e  known, and i f  t h e  r e l a t i v e  hyd rau l i c  c o n d u c t i v i t i e s  
Kv and Kh a r e  known. 

I n  ana lyz ing  t h e  d i r e c t i o n  of f low of ground water ,  t he  i n v e s t i g a t o r  should be 
aware of t h e  e f f e c t  of a n i s o t r o p i c  s o i l s  on t h e  f low p a t t e r n .  

Flow n e t s  and boundary cond i t i ons  

Flow i n  t h e  s a t u r a t e d  zone o f t e n  is  s t u d i e d  by means of g r aph i c  r e p r e s e n t a t i o n s  
of hyd rau l i c  head and pa th s  of flow. Cross s e c t i o n s  a r e  taken  through t h e  problem 
a r e a ,  u s u a l l y  i n  v e r t i c a l  planes.  L ines  connect ing p o i n t s  of equa l  hyd rau l i c  head 



F i g u r e  1-5, Flow d i r e c t i o n  i n  i s o t r o p i c  soil 
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F i g u r e  1-6, Flow d i r e c t i o n  i n  a n i s o t r o p i c  soil 



on such p lanes  a r e  c a l l e d  e q u i p o t e n t i a l  l i n e s ,  o r  " equ ipo t en t i a l s . "  Lines 
i n d i c a t i n g  t h e  pa ths  of flow a r e  c a l l e d  "s t reaml ines . "  A graph showing equipo- 
t e n t i a l s  and s t r eaml ines  f o r  a  flow system o r  p a r t  of a  flow system is c a l l e d  
a "flow ne t . "  

The flow n e t  i s  t h e  r e s u l t  of t h e  ope ra t i on  of Darcy's Law i n  a  system where 
t h e r e  a r e  c e r t a i n  sources  of water  and c e r t a i n  c o n s t r a i n t s  t o  flow. These 
cond i t i ons  t h a t  govern t h e  p a t t e r n  of f low i n  a  ground-water system, when taken  
t o g e t h e r ,  a r e  c a l l e d  "boundary condi t ions ."  Topography, l o c a t i o n  and q u a n t i t y  
of water  sou rce ,  s t r a t i g r a p h y ,  and d r a i n  l o c a t i o n s  a r e  t h e  p r i n c i p a l  i tems making 
up t h e  boundary cond i t i ons .  A f i e l d  survey of t he se  elements  is a b a s i s  f o r  
( a )  i s o l a t i n g  t h e  flow system t o  b e  s t u d i e d ,  and (b) des ign ing  t h e  dra inage  
system. 

F igure  1-7 i l l u s t r a t e s  two flow n e t s  i n  s a t u r a t e d  s o i l s .  Each is taken i n  a 
v e r t i c a l  p lane  a t  r i g h t  angles  t o  a  d r a i n ,  w i th  t h e  s o i l  s a t u r a t e d  t o  t h e  s u r f a c e  
and an impermeable l a y e r  a t  twice t h e  d r a i n  depth .  The d r a i n  i s  one of s e v e r a l  
equa l l y  spaced d r a i n s .  The upper flow n e t  i s  f o r  an i s o t r o p i c  s o i l .  The lower 
f low n e t  is f o r  t h e  same boundary cond i t i ons  except  t h a t  t h e  s o i l  has  a  h o r i z o n t a l  
pe rmeab i l i t y  16 t imes i t s  v e r t i c a l  pe rmeab i l i t y  ( a n i s o t r o p i c ) .  Numbers on each 
s t r e a m l i n e  i n d i c a t e  t h e  percent  of t h e  t o t a l  flow which occurs  t o  t h e  l e f t  of 
t h a t  s t r eaml ine .  Note t h a t  50 percent  of t h e  flow reaching  the d r a i n  through t h e  
i s o t r o p i c  s o i l  o r i g i n a t e s  i n  a  s t r i p  over  t h e  d r a i n  and covering about one-fourth 
of t h e  source  a r e a .  For t h e  s o i l  wi th  h o r i z o n t a l  pe rmeab i l i t y  16 t imes g r e a t e r  
than  t h e  v e r t i c a l ,  50 percent  of t h e  flow o r i g i n a t e s  i n  a  much wider  s t r i p ,  
cover ing  n e a r l y  one-half of t h e  source  a r e a .  

I f  t h e  water  source  were c u t  o f f  a t  t h e  s o i l  s u r f a c e ,  t h e  water  t a b l e  would drop 
i n  bo th  ca se s ,  b u t  t h e  drop would b e  much more uniform i n  t h e  second case .  This  
same e f f e c t  is observed i n  layered  s o i l s ,  except  t h a t  t h e  flow n e t ,  whi le  having 
t h e  same gene ra l  shape,  would show sha rp  breaks  i n  d i r e c t i o n  where t h e  l i n e s  
c rossed  from one s t r a tum t o  another .  

Flow n e t s  may b e  p l o t t e d  from a c t u a l  f i e l d  measurements of hyd rau l i c  head i n  
piezometers .  A dra inage  problem is sometimes reproduced i n  a  l abo ra to ry  tank  
model, from which flow d a t a  may be  taken  more r e a d i l y .  E l e c t r i c a l  analogs provide  
a d d i t i o n a l  u s e f u l  t o o l s  f o r  s e t t i n g  up some dra inage  problems. Plow n e t s  a r e  
r e a d i l y  p l o t t e d  from e l e c t r i c a l  analog d a t a .  There a r e  a l s o  methods of computing 
a r i t h m e t i c a l l y  t h e  hyd rau l i c  head throughout a c t u a l  o r  i d e a l i z e d  flow systems. 
However, numerical  methods a r e  t ed ious  f o r  complex problems. 

Flow n e t s  a r e  used t o  s tudy  such s p e c i a l  problems a s  t h e  depth and spacing of 
d r a i n s ,  t h e  b e s t  l o c a t i o n  f o r  a d r a i n  conduit  designed t o  i n t e r c e p t  flow over 
an  impermeable l a y e r ,  t h e  e f f e c t  of perv ious  b a c k f i l l  i n  l e s s  permeable s o i l ,  
t h e  q u a n t i t y  of f low e n t e r i n g  t h e  bottom h a l f  of a  bu r i ed  d r a i n ,  and cana l  seep- 
age. Such s p e c i a l  cond i t i ons  may j u s t i f y  flow-net a n a l y s i s  f o r  an i nd iv idua l  
d r a i n  des ign ,  bu t  t h i s  technique is more o f t e n  employed i n  r e sea rch  o r  eva lua t i on  
work. 

Permeabi l i ty  and hyd rau l i c  conduc t iv i t y  

"Permeabil i ty"  of a  porous medium such a s  s o i l  i s  i ts  capac i t y  t o  t ransmi t  f l u i d s .  
It is  used a s  a  q u a l i t a t i v e  term; i . e . ,  i t  is used a s  a  term f o r  t h i s  p roper ty  
of s o i l .  The term is a l s o  modified t o  d e s c r i b e  t he  r e l a t i v e  ea se  of t ransmiss ion ,  
a s  " r ap id ly  permeable," o r  "slowly permeable ." 
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Figure 1-7, Streamlines and equipotentials 



"Hydraulic conduct iv i ty"  of a  s o i l  is a  numerical  va lue  f o r  permeabi l i ty .  It 
is equa l  t o  t h e  p r o p o r t i o n a l i t y  f a c t o r  K i n  t h e  Darcy equa t ion .  The Darcy 
equa t ion  is  an express ion  of e f f e c t i v e  v e l o c i t y  of flow a s  a  func t i on  of hyd rau l i c  
g r a d i e n t  and t h e  t ransmiss ion  p r o p e r t i e s  of t h e  s o i l  and water .  I t  was found t h a t  
e f f e c t i v e  v e l o c i t y  is p ropo r t i ona l  t o  hyd rau l i c  g r a d i e n t ,  a l l  o t h e r  t h ings  being 
equa l  : 

L where v  = e f f e c t i v e  flow v e l o c i t y ,  dimensions - 
T 

( E f f e c t i v e  flow v e l o c i t y  is  t h e  v e l o c i t y  w i th  r e s p e c t  t o  t h e  t o t a l  a r e a  
of t h e  porous medium--not t h e  void a r e a  a lone .  It may be  def ined  a s  
t h e  q u a n t i t y  of flow per  u n i t  of t ime d iv ided  by t h e  t o t a l  a r e a  of t h e  
porous medium producing t h a t  q u a n t i t y  of flow.) 

L 
K = a  f a c t o r ,  dimensions - 

T 

i = hydrau l i c  g r a d i e n t ,  dimensionless  

Thus, hyd rau l i c  conduc t iv i t y  is t h e  e f f e c t i v e  v e l o c i t y  of flow when the  hyd rau l i c  
g r a d i e n t  is  u n i t y .  I n  dra inage  des ign ,  i t  i s  convenient  t o  express  v  and K i n  
inches  per  hour. Darcy 's  Law i s  v a l i d  f o r  flow v e l o c i t i e s  i n  almost any n a t u r a l  
d r a inage  s i t u a t i o n .  

Hydraul ic  conduc t iv i t y  depends on p r o p e r t i e s  both of t h e  s o i l  and of t h e  t r ans -  
m i t t ed  water .  A high  va lue  is a s soc i a t ed  w i th  h igh  p o r o s i t y ,  coarse  open t e x t u r e ,  
and h igh ly  developed s t r u c t u r e .  S o i l s  do no t  vary  g r e a t l y  i n  po ros i t y ,  bu t  a 
few l a r g e  pores  a r e  more e f f e c t i v e  i n  c o n t r i b u t i n g  t o  h igh  conduc t iv i t y  than  
many sma l l  pores .  Fine-textured s o i l s - m a y  depend almost e n t i r e l y  on t h e  s t r u c -  
t u r a l  pores  f o r  t h e i r  conduc t iv i t y .  The q u a l i t y  of t h e  water  t r ansmi t t ed ,  p a r t i -  
c u l a r l y  t h e  s a l i n i t y  and a l k a l i n i t y ,  may have a  marked e f f e c t  on hyd rau l i c  
conduc t iv i t y .  

S o i l  w i t h i n  a  drainage-problem a r e a  seldom has  uniform permeabi l i ty .  This  va r i a -  
t i o n  is exh ib i t ed  i n  two important  c h a r a c t e r i s t i c s :  t h e  s o i l  may be  nonhomogeneous 
due t o  s t r a t i f i c a t i o n ,  b a r r i e r s ,  o r  o t h e r  d i s t i n c t  masses; o r  i t  may have a  h ighe r  
pe rmeab i l i t y  i n  one d i r e c t i o n  than ano the r ,  even though homogeneous. S o i l s  w i t h  
t h i s  l a t t e r  q u a l i t y  a r e  c a l l e d  "an iso t rop ic"  ( s ee  s e c t i o n  on "Paths of Flowt'). 

Rate  of f low 

The r a t e  of flow (Q)  pass ing  a  g iven  c ro s s - s ec t i ona l  a r e a  of s a t u r a t e d  s o i l  (A) 
i s  t h e  product  of t h e  a r e a  and t h e  e f f e c t i v e  v e l o c i t y  of flow through t h e  sec- 
t i o n  (v) : 

Combining t h i s  express ion  w i th  t h e  Darcy Law 

we have t h e  express ion  



This  equa t ion  may be  used t o  e s t i m a t e  t h e  q u a n t i t y  of flow i n  s imple dra inage  
problems, such a s  might be  found i n  h i l l s i d e  i n t e r c e p t i o n  over  a  s l op ing ,  imper- 
meable l a y e r .  I n  more complex flow problems, bo th  t h e  hyd rau l i c  g r a d i e n t  and 
t h e  hyd rau l i c  conduc t iv i t y  vary  throughout  t h e  flow reg ion  and a n a l y s i s  i s  more 
d i f f i c u l t .  Also,  t h e  boundaries  of flow may be  d i f f i c u l t  t o  determine.  For 
t h e s e  problems, i t  u s u a l l y  is  i m p r a c t i c a l  t o  d e f i n e  completely t h e  a r e a ,  p-ermea- 
b i l i t y ,  and hyd rau l i c  g r a d i e n t ,  s o  l e s s  d i r e c t  methods of e s t ima t ing  f low a r e  
employed. These a r e  d i scussed  i n  Chapter 4 ,  Subsurface Drainage. 

Sink formation i n  subsur face  d r a inage  

Subsurface dra inage  is  accomplished by p l ac ing  below the  water  t a b l e  an  a r t i f i c i a l  
channel  i n  which t h e  hyd rau l i c  head is l e s s  than  i t  is  i n  t h e  s o i l  t o  b e  dra ined .  
Thus a  hyd rau l i c  g r ad i en t  toward t h e  channel is  induced, and a  "sink" i s  crea tkd .  
The s i n k  i s  main ta ined ,  of course ,  by removing water  from t h e  a r t i f i c i a l  channel 
by g r a v i t y  o r  by pumping. 

Two f a c t o r s  determine t h e  r a t e  a t  which water  moves toward t h e  s i n k  a t  any poin t :  
The hyd rau l i c  g r a d i e n t  and t h e  hyd rau l i c  conduc t iv i t y .  This  is i n  accord w i th  
Darcy's Law. T o t a l  flow t o  t h e  s i n k  involves  hyd rau l i c  conduc t iv i t y  throughout  
t h e  whole s o i l  mass through which water  moves t o  t h e  s i n k .  The flow n e t  de l in -  
e a t e s  t h e  e x t e n t  and p a t t e r n  of flow throughout  t h i s  s o i l  mass, a s  d i scussed  on 
t h e  preceding pages. 

The d e s i r e d  c o n t r o l  of t h e  water  t a b l e  is accomplished (a )  by l o c a t i n g  t h e  s i n k  
v e r t i c a l l y  and h o r i z o n t a l l y  s o  a s  t o  t a k e  advantage of t h e  more permeable s o i l  
masses, and (b)  by c o n t r o l l i n g  t h e  hyd rau l i c  g r a d i e n t .  Hydraul ic  g r a d i e n t  may 
be  c o n t r o l l e d  through depth of t h e  s i n k ,  spacing of t h e  s i n k s ,  and ( i n  methods 
of d ra inage)  t h e  p r e s su re  a t  t h e  s i n k .  I n  Equation 1-1 

P P 
(++zl) - ($ + z,) 

Hydraul ic  g r ad i en t  = L 

t h e s e  t h r e e  c o n t r o l s  a f f e c t  Z2, L and P 2 ,  r e s p e c t i v e l y .  

Drainage dev i ce s  t h a t  a r e  u s e d ' t o  form s i n k s  a r e  bu r i ed  d r a i n s ,  d i t c h e s ,  r e l i e f  
w e l l s  (upward f low) ,  v e r t i c a l  d r a i n s  (downward f l ow) ,  and pumped w e l l s .  The 
hyd rau l i c  head i n  bur ied  d r a i n s  and i n  d i t c h e s  depends on t he  water-surface e l e -  
v a t i o n  because t h e  water  is  a t  a tmospheric  p r e s su re .  Re l ie f  w e l l s ,  a t  t h e i r  
lower ends where t h e  s i n k  u sua l l y  is formed, o p e r a t e  under a  p r e s su re  dependent 
on t h e  e l e v a t i o n  of t h e i r  ou t le t s - -or  of t he  water  s u r f a c e  i n  t h e  d r a i n  i n t o  
which they  d i s cha rge ,  i f  submerged. Pumped w e l l s  c r e a t e  s i n k s  which may be 
e i t h e r  a t  a tmospheric  p r e s su re  o r  above atmospheric  p r e s s u r e ,  depending on t he  
s o i l  s t r a t i f i c a t i o n  and whether t h e  s i n k  i n  ques t i on  is above o r  below t h e  water  
l e v e l  i n  t h e  pumping w e l l .  

Theor ies  of Buried Drain and Open Di tch  Subsurface Drainage 

Water movement i n  t h e  s a t u r a t e d  zone may be analyzed by applying Darcy 's  Law t o  
t h e  p a r t i c u l a r  s e t  of boundary cond i t i ons  a t  t h e  drainage-problem s i t e .  I f  i t  
were p o s s i b l e  by f i e l d  surveys t o  determine t h e  exac t  l o c a t i o n  of impermeable 
l a y e r s ,  t h e  l o c a t i o n  and hyd rau l i c  head of a l l  in f low t o  and outf low from t h e  
system, permeabi l i ty  i n  a l l  p a r t s  of t h e  system, time and r a t e  of changes i n  f low,  
symmetry of t h e  system--all  t h e  f a c t o r s  which a f f e c t  t h e  amount and p a t t e r n  of 
flow--then t h e  problem would be  completely def ined  and s u b j e c t  t o  d i r e c t  and 
exac t  s o l u t i o n .  



Drainage problems a r e  seldom s o  completely  d e f i n e d  i n  p r a c t i c e ,  however. Usua l ly  
they  c o n s i s t  of a more o r  l e s s  complex combinat ion of d i f f e r e n t  problems. The 
procedure  is t o  de te rmine  t h e  boundary c o n d i t i o n s ,  f i r s t  approx imate ly ,  t h e n  i n  
a s  much d e t a i l  a s  n e c e s s a r y  by means of t h e  reconna issance  and p r e l i m i n a r y  surveys .  
C e r t a i n  s i t u a t i o n s  o r  s e t s  of boundary c o n d i t i o n s  a r e  recognized  a s  problem t y p e s  
f o r  which exper ience  o r  a n a l y s i s  h a s  g i v e n  u s  d e s i g n  c r i t e r i a .  A f t e r  i d e n t i f i c a -  
t i o n  of t h e  problem t y p e ,  t h e  necessa ry  f i e l d  measurements and i n v e s t i g a t i o n s  a r e  
made s o  t h a t  d e s i g n  c r i t e r i a  may b e  a p p l i e d .  For some d r a i n a g e  problems, t h e r e  
a r e  few numer ica l  c r i t e r i a ,  i f  any,  and t h e  d e s i g n e r  r e l i e s  mos t ly  on good judg- 
ment.  But i n  a l l  d r a i n a g e  problems t h e  b a s i c  p rocedure  i s  t h a t  p r e v i o u s l y  
o u t l i n e d .  

Drainage t h e o r i e s  have been developed t o  d e s c r i b e  o r  t o  a t t e m p t  t o  d e s c r i b e  t h e  
a c t i o n  of a  g i v e n  s a t u r a t e d  f low system. They a r e  u s e f u l  i n  g e t t i n g  an  approxi-  
m a t e  s o l u t i o n  t o  a c t u a l  f i e l d  problems. To u s e  them, t h e  d e s i g n e r  must compare 
t h e  f i e l d  s i t u a t i o n  w i t h  t h e  under ly ing  assumptions on which t h e  d r a i n a g e  t h e o r i e s  
a r e  based .  He t h e n  a p p l i e s  such of  them a s  h i s  judgment i n d i c a t e s  a r e  most 
a p p l i c a b l e .  Both s t e a d y  s t a t e  and nonsteady s t a t e  problems a r e  encountered i n  
d r a i n a g e  work. The fo l lowing  approximate  t h e o r i e s  have been a p p l i e d  t o  one o r  
b o t h  t y p e s  of problems. 

C l a s s i f i c a t i o n  of d r a i n a g e  t h e o r i e s  by b a s i c  assumptions 

H o r i z o n t a l  flow t h e o r i e s  
These approximat ion t h e o r i e s  a r e  based on two assumptions:  (a )  t h a t  a l l  stream- 
l i n e s  i n  a  g r a v i t y  f low system a r e  h o r i z o n t a l ,  and (b)  t h a t  t h e  v e l o c i t y  a long  
t h e s e  s t r e a m l i n e s  is  p r o p o r t i o n a l  t o  t h e  s l o p e  of t h e  f ree -wate r  s u r f a c e ,  b u t  
independent  of d e p t h .  

Although i t  can b e  shown t h a t  t h e s e  a r e  e r roneous  assumptions,  ( s e e  "Hydraul ic  
Gradient ' '  page 1-12) t h e  theory  of h o r i z o n t a l  f low g i v e s  s u f f i c i e n t l y  a c c u r a t e  
r e s u l t s  i f  i t s  a p p l i c a t i o n  is r e s t r i c t e d  t o  s i t u a t i o n s  where t h e  f low i s  l a r g e l y  
h o r i z o n t a l .  Three f i e l d  c o n d i t i o n s  of t h i s  k ind  a r e :  

1. Open d i t c h e s  t h a t  a r e  sha l low compared t o  t h e i r  spac ing  and t h a t  pene- 
t r a t e  t o  o r  a r e  c l o s e  t o  an impermeable l a y e r .  

2. Open d i t c h e s  t h a t  a r e  excava ted  i n  s t r a t i f i e d  m a t e r i a l s .  

3 .  Buried d r a i n s  under c o n d i t i o n s  1 and 2 ,  p a r t i c u l a r l y  i f  t h e  b a c k f i l l e d  
t r e n c h  is  more permeable than  t h e  und is tu rbed  m a t e r i a l .  

One e x p r e s s i o n  of t h e  h o r i z o n t a l  flow t h e o r y  i s  t h e  e l l i p s e  e q u a t i o n ,  of which 
t h e  t i l e - s p a c i n g  formula developed by Donnan ( 3 )  is  one  form. A p p l i c a t i o n  of 
t h e  e l l i p s e  e q u a t i o n  is  d i s c u s s e d  i n  Chapter  4 ,  Subsur face  Drainage.  

Visser (4)  i n  a n o t h e r  a p p l i c a t i o n  of t h e  e l l i p s e  e q u a t i o n ,  extended i t  t o  app ly  
t o  nonsteady s t a t e  problems. H i s  method was developed f o r  c o n d i t i o n s  i n  t h e  
Nether lands ,  b u t  accord ing  t o  Van S c h i l f g a a r d e ,  Kirkham, and F r e v e r t  (5 ) ,  t h e  
method p o s s i b l y  could b e  a p p l i e d  p r o f i t a b l y  i n  i r r i g a t e d  a r e a s  of t h e  a r i d  r e g i o n s .  

R a d i a l  f low t h e o r i e s  
A t i l e  l i n e  may b e  thought  of a s  a h o r i z o n t a l  w e l l ,  w i t h  w a t e r  approaching t h e  
t i l e  a long  r a d i a l  s t r e a m l i n e s .  Th is  analogy is t h e  b a s i s  f o r  t h e  r a d i a l  f low 
t h e o r i e s ,  which assume ( a )  a  homogeneous i s o t r o p i c  s o i l  of i n f i n i t e  d e p t h ,  and 
(b )  a f l a t  w a t e r  t a b l e .  ' T h i s  method can g i v e  a  good approximat ion of a c t u a l  f low 



c o n d i t i o n s  i f  t h e  c u r v a t u r e  of t h e  w a t e r  t a b l e  i s  s m a l l  ( a s  w i t h  a  low r a i n f a l l  
r a t e  and r e l a t i v e l y  h igh  p e r m e a b i l i t y ) ,  and i f  below t h e  d r a i n  t h e r e  is  no l a y e r  
of g r e a t l y  reduced p e r m e a b i l i t y .  

Combined h o r i z o n t a l  and r a d i a l  f low t h e o r i e s  
Hooghoudt (6)  and E r n s t  ( 7 )  have developed s o l u t i o n s  of t h e  f low problem by 
combining t h e  r a d i a l  and h o r i z o n t a l  f low hypotheses .  These s o l u t i o n s  c o r r e c t  
t h e  major shortcoming of t h e  e l l i p s e  e q u a t i o n  ( n e g l e c t  of convergence of f low 
n e a r  t h e  d r a i n ) .  They a r e  v a l u a b l e  and r e l i a b l e  approximat ions  f o r  t h e  s teady-  
s t a t e  problem of removing s t e a d y  r a i n  o r  e q u i v a l e n t  a c c r e t i o n .  

Hooghoudt modi f ied  t h e  e l l i p s e  e q u a t i o n  by i n t r o d u c i n g  an  "equ iva len t  dep th , "  
and h e  p repared  e x t e n s i v e  t a b l e s  of t h e  e q u i v a l e n t  d e p t h  f o r  s o l u t i o n  of 
s t e a d y - s t a t e  problems. V i s s e r  (4) r e p o r t s  on a  nomographic s o l u t i o n  based on 
t h e  same g e n e r a l  assumptions a s  Hooghoudt's method, and Van Beers  (8) h a s  developed 
nomographs f o r  c a l c u l a t i o n  of d r a i n  spac ing  accord ing  t o  t h e  Hooghoudt and E r n s t  
fo rmulas  . 
Van Deemter 's  (9) hodograph a n a l y s i s  
T h i s  is a  mathematical  a n a l y s i s  i n v o l v i n g  t h e  s o l u t i o n  of c e r t a i n  d i f f e r e n t i a l  
e q u a t i o n s  s o  a s  t o  s a t i s f y  t h e  boundary c o n d i t i o n s .  Van Deemter used t h i s  
a n a l y s i s  t o  s t u d y  t i l e  d r a i n a g e ,  b u t  h i s  r e s u l t s  app ly  o n l y  t o  t i l e  running f u l l .  

I n  summary, t h e  approximate  s o l u t i o n s  o b t a i n e d  by a p p l i c a t i o n  of t h e s e  t h e o r i e s  
a r e  s i m p l e r  t h a n  e x a c t  s o l u t i o n s  which may b e  a v a i l a b l e  f o r  some problems,  and 
they  p r o v i d e  s o l u t i o n s  t o  o t h e r  problems f o r  which no o t h e r  methods a r e  y e t  
known. I t  is  impor tan t ,  however, t h a t  t h e  f o l l o w i n g  i n h e r e n t  l i m i t a t i o n s  b e  
recognized  s o  t h a t  t h e  method which i s  most n e a r l y  a p p l i c a b l e  may b e  a p p l i e d :  

1. H o r i z o n t a l  f low t h e o r y  ( e l l i p s e  equation).--Use where t h e  f l o w  is  
l a r g e l y  h o r i z o n t a l ,  a s  f o r  d r a i n s  sha l low compared t o  t h e i r  spac ing  
w i t h  a l l .  impermeable l a y e r s  a t  o r  c l o s e  t o  t h e  bottom of t h e  d r a i n .  

2 .  R a d i a l  f low theory.--Apply i t  t o  homogeneous i s o t r o p i c  s o i l  of g r e a t  
d e p t h ,  w i t h  a  f l a t  o r  n e a r l y  f l a t  wa te r  t a b l e .  

3. Combined h o r i z o n t a l  and r a d i a l  t h e o r i e s  ( a s  Hooghoudtls).--Use f o r  
s i t u a t i o n s  where t h e  impermeable l a y e r  i s  e i t h e r  sha l low o r  deep ,  by 
u s i n g  Hooghoudt's e q u i v a l e n t  d e p t h  o r  t h e  nomograph publ i shed  by 
V i s s e r .  

4 .  Van ~ e e m t e r ' s  hodograph analysis.--Apply Van ~ e e m t e r ' s  a n a l y s i s  on ly  
t o  t i l e  d r a i n s  running j u s t  f u l l ,  o r  t o  problems where t h e  wate r  
t a b l e  s t a n d s  immediately above t h e  d r a i n s .  

T r a n s i e n t  f low concept  
The d r a i n a g e  of i r r i g a t e d  l a n d  p r e s e n t s  problems which a r e  d i f f e r e n t  from t h o s e  
i n  humid a r e a s .  The rise and f a l l  of t h e  wate r  t a b l e  i n  i r r i g a t e d  a r e a s  g e n e r a l l y  
f o l l o w s  a c y c l e  which is r e l a t e d  t o  t h e  a p p l i c a t i o n  of i r r i g a t i o n  wate r  d u r i n g  
t h e  growing season and t h e  t e r m i n a t i o n  of i r r i g a t i o n  wate r  u s e  i n  t h e  o f f  season.  
Cont ras ted  w i t h  t h e  s t e a d y - s t a t e  ground-water c o n d i t i o n s  i n  humid a r e a s  t h e  
s t o r a g e  and d i s c h a r g e  of ground wate r  i n  i r r i g a t e d  a r e a s  f o l l o w s  a  t r a n s i e n t  o r  
nons teady-s ta te  regimen. The Bureau of Reclamation h a s  developed a method f o r  
d r a i n  spac ing  based on t h e  t r a n s i e n t - f l o w  concept  which g i v e s  c o n s i d e r a t i o n  t o  
t h e  wide d i v e r s i t y  of s o i l s  and ground-water c o n d i t i o n s  p r e v a i l i n g  i n  Western 
Uni ted S t a t e s .  A t h e o r e t i c a l  fo rmula ,  which i n c o r p o r a t e s  most of t h e  f a c t o r s  
invo lved ,  was developed by R.  E .  Glover ,  and procedures  f o r  u s e  of t h e  formula 



were developed by Lee D .  Dumm, both engineers  f o r  t h e  Bureau of Reclamation (10) .  
The t rans ien t - f low concept has been i n  u se  by t h e  Bureau f o r  s e v e r a l  yea r s ,  and 
through experience w i th  i t s  use  many ref inements  have been made (11). Van Beers '  
(8) nomographs f o r  c a l c u l a t i o n  of d r a i n  spac ings  inc lude  one f o r  t h e  Glover/Dumm 
formula and i t s  use  is  recommended when us ing  me t r i c  u n i t s .  

Techniques f o r  applying dra inage  t h e o r i e s  

The foregoing a r e  t h e  p r i n c i p a l  t h e o r i e s  of s a t u r a t e d  flow toward d r a i n s .  A 
number of techniques have been used t o  apply t hese  and o t h e r  fundamental 
approaches t o  t h e  s o l u t i o n  of a c t u a l  dra inage  problems. 

Mathematical a n a l y s i s  
This  method i s  i l l u s t r a t e d  by n irk ham's (12) a n a l y t i c a l  s o l u t i o n  of t h e  problem 
of s e v e r a l  tube d r a i n s  equal ly  spaced above an impermeable l a y e r ,  us ing  the  
method of images. For problems involving curved s t r eaml ines  and s t r a t i f i e d  
s o i l ,  t h i s  method is  lengthy  and involved.  ~ a p l a c e ' s  fundamental flow equat ion ,  
which combines Darcy's Law wi th  t h e  equat ion  f o r  c o n t i n u i t y  of flow, is the  
s t a r t i n g  poin t  f o r  most mathematical ana lyses  of dra inage  problems. The 
a p p l i c a t i o n  of Laplace ' s  equat ion i s  an "exact" method, bu t  i ts  complexity i n  
so lv ing  a c t u a l  problems has  lead t o  t h e  approximate t h e o r i e s  descr ibed  i n  t h e  
preceding sec t ion .  

Relaxa t ion  method 
The r e l a x a t i o n  method is  a numerical a n a l y s i s .  It is  a s imple and powerful t o o l  
bu t  u s u a l l y  is  t ed ious  t o  use.  

E s s e n t i a l l y ,  t h e  r e l a x a t i o n  method is  t h e  a p p l i c a t i o n  of t h e  Laplace equat ion 
by t r i a l  t o  p o i n t s  on a  p lane  through t h e  flow system. The boundary condi t ions  
must be  known. A square  g r i d  i s  o r i en t ed  convenient ly on t h e  plane,  and numerical 
va lues  a r e  assigned t o  t h e  p o t e n t i a l  a long t h e  boundaries  i n  accordance wi th  t h e  
s i t e  condi t ions .  A t  each po in t  of i n t e r s e c t i o n  of t h e  g r i d ,  a r b i t r a r y  o r  e s t i -  
mated numerical va lues  a r e  assigned.  Then these  numbers a r e  ad jus ted  u n t i l  
t h e  va lue  a t  each g r i d  poin t  i s  the  a r i t h m e t i c  mean of t h e  fou r  va lues  a t  t h e  
ad j  acen t  po in t s .  

S t r a t i f i c a t i o n ,  a n i s o t r o p i c  condi t ions ,  and o t h e r  v a r i a t i o n s  may be  accounted 
f o r  by app rop r i a t e  adjustment  i n  t h e  procedure. Luthin and Day (13) have used 
t h e  method t o  apply t o  unsa tura ted  flow. The r e l a x a t i o n  method was used t o  
cons t ruc t  t h e  nomographic s o l u t i o n  of t h e  combined h o r i z o n t a l  and r a d i a l  flow 
t h e o r i e s  prev ious ly  descr ibed .  The method has  been appl ied  t o  both steady- and 
nonsteady-state  problems. 

E l e c t r i c a l  analog 
~ a p l a c e ' s  equat ion  is  t h e  d i f f e r e n t i a l  equat ion  f o r  e l e c t r i c  p o t e n t i a l  d i s t r i b u -  
t i o n  i n  conductors .  Consequently, e lec t r ic -model  tests of ground-water flow 
may be based on t h e  analogy between Darcy's Law and O h m ' s  Law (hence t h e  name 
" e l e c t r i c a l  analog") .  Conductor paper may b e  used t o  r ep re sen t  a  p lane  i n  t h e  
flow reg ion ,  on t h e  boundaries  of which p o t e n t i a l s  a r e  placed t o  r ep re sen t  t h e  
a c t u a l  problem boundary condi t ions .  

A vacuum-tube vol tmeter  is used t o  measure t h e  p o t e n t i a l  a t  va r ious  p o i n t s  on 
t h e  p lane ,  and from t h e s e  d a t a  t h e  flow n e t  may be drawn. Res is tance  networks 
have been used i n  p l ace  of t h e  conductor paper ,  p a r t i c u l a r l y  t o  s tudy t h e  e f f e c t  
of s t r a t i f i e d  s o i l s  on flow i n t o  d r a i n s .  



Models 
Sand o r  s o i l  is sometimes placed i n  tanks  so  a s  t o  reproduce i d e a l i z e d  f i e l d  
cond i t i ons  f o r  convenient s t udy .  The Hele-Shaw channel--Todd (14)--is a  model 
which s u b s t i t u t e s  t h e  flow of a v i s cous  l i q u i d  between c l o s e l y  spaced p l a t e s  f o r  
t h e  flow of water  through s o i l .  Models a r e  u s e f u l  i n  t e s t i n g  t h e  v a l i d i t y  of 
approximate dra inage  t h e o r i e s .  

Design C r i t e r i a  

C r i t e r i a  f o r  des ign  of d ra inage  systems a r e  e s s e n t i a l l y  t h e  s p e c i f i c a t i o n s  f o r  
cond i t i ons  which must e x i s t  i n  a  p a r t i c u l a r  a r e a  f o r  i t  t o  have t h e  optimum 
l e v e l  of wa t e r  c o n t r o l  r equ i r ed  by t h e  kind of a g r i c u l t u r e  t o  be  p r a c t i c e d .  
These c r i t e r i a  c o n s i s t  of two i tems:  ( a )  t h e  r a t e  of water  removal necessary  
t o  provide  a  c e r t a i n  degree of c rop  p r o t e c t i o n ,  and (b) t h e  optimum depth t o  
water  t a b l e .  

The r a t e  of water  removal, o f t e n  r e f e r r e d  t o  a s  t h e  dra inage  c o e f f i c i e n t ,  may 
be expressed a s  a c e r t a i n  depth of water  t o  be  removed from t h e  watershed per  
day, o r  a s  a  r a t e  of flow pe r  u n i t  of a r e a ,  a s  cubic  f e e t  per  second per  square  
mi l e .  For cons ide ra t i on  of p r e c i p i t a t i o n  and runoff  c h a r a c t e r i s t i c s ,  t h e  r a t e  
of removal should be  based on a  curve  which v a r i e s  according t o  t h e  s i z e  of t h e  
dra inage  a r e a .  

Optimum depth t o  water  t a b l e  i s  t h a t  depth r equ i r ed  f o r  b e s t  plant-soi l -water-  
a i r  r e l a t i o n s h i p ,  and which is f e a s i b l e  t o  main ta in  under e x i s t i n g  cond i t i ons .  
A c e r t a i n  t o l e r a n c e  is  necessary s i n c e  i t  i s  no t  p o s s i b l e  t o  main ta in  a  
p a r t i c u l a r  dep th  exac t l y .  

Severa l  f a c t o r s  must be considered i n  s e l e c t i o n  of des ign  c r i t e r i a  f o r  a  
p a r t i c u l a r  p r o j e c t .  These i nc lude  t h e  requirements  of c rops  t o  be  grown a s  
r e l a t e d  t o  water  needs and t o l e r a n c e  t o  excess  wa te r ,  s o i l s ,  c l ima te ,  s a l i n i t y  
i n  t h e  s o i l  o r  i n  i r r i g a t i o n  wa te r ,  and economics. Within a p a r t i c u l a r  watershed 
t h e  c r i t e r i a  may be  determined by a  d e t a i l e d  a n a l y s i s  of a l l  f a c t o r s  involved 
o r  by use  of empir ica l  methods based on exper ience  w i th  s i m i l a r  problems and 
cons ide ra t i on  of t h e  phys i ca l  d a t a  a v a i l a b l e .  

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

C r i t e r i a  f o r  des ign  of d r a inage  d i s p o s a l  systems by t h e  S o i l  Conservat ion Serv ice  
is based l a r g e l y  on empir ica l  methods. Formulas f o r  r a t e s  of removal have been 
used i n  t h e  United S t a t e s  f o r  over  50 yea r s  and have been r e f i ned  by experience 
and gaged d a t a .  When planning d ra inage  improvements i n  t he  Cypress Creek Drainage 
D i s t r i c t ,  Desha and Chicot Counties ,  Arkansas, 1911-15, S .  H.  McCrory and 
Assoc ia tes  (15) developed a  formula f o r  determining t h e  r a t e  of runoff  f o r  
d ra inage  des ign .  This  formula now known a s  t h e  Cypress Creek Formula, may be 
expressed a s  fol lows:  

where Q = r a t e  of runoff  a t  any po in t  i n  t he  system from t h e  dra inage  a r e a  above 
t h e  po in t  - i n  cubic  f e e t  per  second. 

M = dra inage  a r ea  i n  square  mi l e s .  

The c o e f f i c i e n t  35 was based on gaged runoff from d i f f e r e n t  p a r t s  of t h e  watershed,  
and cons ide ra t i on  of t he  probable e f f e c t  t h a t  d r a inage  improvements would have on 
t h e  r a t e  of r uno f f .  



Drainage systems have been i n s t a l l e d  on m i l l i o n s  of a c r e s  of land i n  t h e  
a l l u v i a l  v a l l e y  of t h e  Mis s i s s ipp i  River  by use  of t he  Cypress Creek Formula, 
and s l i g h t  mod i f i ca t i ons  of i t ,  and i t s  v a l i d i t y  has been proven by t h e  success fu l  
func t ion ing  of t h e s e  systems. By s u b s t i t u t i n g  a  v a r i a b l e  c o e f f i c i e n t ,  C ,  f o r  t h e  
35 i n  t h e  formula,  and s e l e c t i n g  a  va lue  f o r  t h e  c o e f f i c i e n t  based on t he  
c h a r a c t e r i s t i c s  of a  p a r t i c u l a r  watershed and t h e  degree of p r o t e c t i o n  d e s i r e d ,  
t h e  formula can b e  used f o r  computing s u r f a c e  dra inage  removal r a t e s  i n  most 
of t h e  United S t a t e s .  

The s e l e c t i o n  of a  d r a inage  c o e f f i c i e n t ,  o r  t h e  r a t e  of water  removal, f o r  a 
p a r t i c u l a r  d ra inage  system, should be  based on t h e  water  t o l e r a n c e  of crops t o  
be  grown and t h e  phys i ca l  c h a r a c t e r i s t i c s  of t h e  a r ea .  Cl imate,  s o i l s ,  topo- 
graphy and crops a r e  always important  f a c t o r s  t o  cons ider .  Where i r r i g a t i o n  is 
p r a c t i c e d  t h e  q u a n t i t y  and q u a l i t y  of t h e  i r r i g a t i o n  water  and i r r i g a t i o n  water  
management p r a c t i c e s  a l s o  must be cons idered .  

Research by Stephens and M i l l s  (16) has  r e s u l t e d  i n  a way t o  r e l a t e  t h e  coe f f i -  
c i e n t  i n  t h e  Cypress Creek Formula t o  t h e  p a r t i c u l a r  c h a r a c t e r i s t i c s  of a  
watershed and t h e  l e v e l  of p r o t e c t i o n  j u s t i f i e d .  This  is d iscussed  i n  Chapter 5 
of t h i s  Handbook. 

Drainage c o e f f i c i e n t s  f o r  s u r f a c e  d r a inage  
A d r a inage  c o e f f i c i e n t  f o r  a  s u r f a c e  dra inage  system should cons ider  t h e  
c h a r a c t e r i s t i c s  of p r e c i p i t a t i o n  i n  t h e  a r e a  a s  we l l  a s  o t h e r  c l i m a t i c  f a c t o r s ,  
topography, crop t o l e r a n c e  t o  excess  wa te r ,  s o i l s ,  and i r r i g a t i o n .  Stream 
gage r eco rds  and s t u d i e s  made of t h e  flow of excess  p r e c i p i t a t i o n  from f l a t l a n d  
watersheds i n d i c a t e  t h a t  t h e  r a t e  of f low pe r  u n i t  of a r e a  decreases  a s  t h e  t o t a l  
c o n t r i b u t i n g  area '  i n c r e a s e s .  The r a t e  of change, a s  i n d i c a t e d  by t h e  exponent 
of M i n  t h e  Cypress Creek Formula, v a r i e s  somewhat between watersheds and w i th  
t h e  i n t e n s i t y  and d u r a t i o n  of a p a r t i c u l a r  s torm. However, a n a l y s i s  of consid- 
e r a b l e  s t ream age d a t a  and exper ience  w i th  use  of t h e  Cypress Creek Formula 
suppor t  t h e  lg exponent used i n  i t  f o r  f l a t l a n d  watersheds.  The procedure 
developed by Stephens and M i l l s  f o r  r e l a t i n g  t h e  c o e f f i c i e n t  i n  t h e  Cypress Creek 
Formula t o  t h e  c h a r a c t e r i s t i c s  of a  watershed and t h e  l e v e l  of p r o t e c t i o n  d e s i r e d  
can b e  used t o  develop curves f o r  r a p i d  de te rmina t ion  of runoff  from a r e a s  w i th  
c e r t a i n  c h a r a c t e r i s t i c s  and f o r  t h e  r equ i r ed  l e v e l  of p r o t e c t i o n  f o r  s p e c i f i e d  
cropping p a t t e r n s .  

Drainage c o e f f i c i e n t s  f o r  subsur face  dra inage  
Whether t h e  excess  water  r e s u l t s  from p r e c i p i t a t i o n ,  excess  i r r i g a t i o n  water ,  
l each ing  water  o r  ground-water flow from o u t s i d e  t h e  a r e a  t h e  flow i n t o  subsur face  
d r a i n s  i s  more uniform and extends f o r  longer  per iods  of t ime than  does t h e  flow 
i n t o  s u r f a c e  d r a i n s .  A dra inage  c o e f f i c i e n t  f o r  subsur face  dra inage  is r e l a t e d  
t o  the source  of t h e  excess  water ,  t o  t h e  r a t e  of flow of t h e  excess  water  through 
t h e  s o i l ,  and t o  t h e  t o l e r ance  of c rops  i n  t he  cropping system t o  excess  water .  

As t h e  r a t e  of flow through t h e  s o i l  is slower than overland and extends over 
a  longer  per iod  of t ime ,  d ra inage  c o e f f i c i e n t s  f o r  subsu r f ace  dra inage  a r e  u s u a l l y  
much sma l l e r  than f o r  s u r f a c e  dra inage .  They a r e  u s u a l l y  s p e c i f i e d  a s  a  depth 
of water  t o  be  removed i n  24 hours  o r  one day. I n  humid a r e a s  t h e  r a t e  of removal 
s p e c i f i e d  i s  u sua l l y  uniform f o r  l a r g e  a r e a s ,  b u t  i n  a r i d  and semiar id  i r r i g a t e d  
a r e a s  t h e  r a t e  of flow per  u n i t  of a r e a  decreases  a s  t h e  s i z e  of t h e  a r e a  i n c r e a s e s  
because of t h e  r o t a t i o n  of i r r i g a t i o n  w i t h i n  l a r g e  p r o j e c t  a r e a s  and non-uniformity 
of o t h e r  sources  of excess  water .  



Drainage c o e f f i c i e n t s  f o r  pumping p l a n t s  
Drainage c o e f f i c i e n t s  f o r  pumping p l a n t s  a r e  based on t h e  c r i t e , r i a  used f o r  
d e s i g n  of t h e  d r a i n a g e  system which d e l i v e r s  w a t e r  t o  them. C h a r a c t e r i s t i c s  
o f  f low t o  t h e  pumping p l a n t ,  whether  s u r f a c e ,  s u b s u r f a c e ,  o r  b o t h ,  should b e  
cons idered  i n  de te rmin ing  t h e  pumping c a p a c i t y  of t h e  pumps. Most pumping p l a n t s  
a r e  designed w i t h  a  c e r t a i n  amount of s t o r a g e  i n  t h e  fo rebay  of pumps, which 
should  b e  cons idered  i n  r e l a t i n g  t h e  f low from t h e  c o n t r i b u t i n g  a r e a  t o  t h e  
pumping c a p a c i t y  r e q u i r e d .  S u r f a c e  d r a i n a g e  systems u s u a l l y  have s u b s t a n t i a l  
s t o r a g e  c a p a c i t y  below t h e  e l e v a t i o n  which w i l l  r e s u l t  i n  c rop  damage and which 
can  b e  u t i l i z e d  t o  reduce  t h e  pumping c a p a c i t y  r e q u i r e d  ( 1 7 ) .  The f low from 
s u b s u r f a c e  systems is  much more uniform and less forebay  s t o r a g e  i s  needed. 

Drainage c o e f f i c i e n t s  f o r  watershed p r o t e c t i o n  
Watershed-protect ion p l a n s  should  b e  developed t o  c r e a t e  good c o n d i t i o n s  f o r  
p l a n t  growth, i n c l u d i n g  p r o t e c t i o n  a g a i n s t  e x c e s s  s u r f a c e  w a t e r  and c o n t r o l  of 
s o i l - m o i s t u r e  c o n t e n t .  To a s s u r e  t h e s e  c o n d i t i o n s ,  a l l  mul t ip le -purpose  o r  
f lood-preven t ion  channe ls ,  i n t o  which l a n d s  r e q u i r i n g  d r a i n a g e  must o u t l e t ,  should 
have  c a p a c i t i e s  no less than  t h o s e  based  on t h e  a p p l i c a b l e  d r a i n a g e  c o e f f i c i e n t s .  
Where l a n d s  r e q u i r i n g  d r a i n a g e  a r e  planned f o r  p r o t e c t i o n  by f lood-wate r - re ta rd ing  
s t r u c t u r e s  and channe ls ,  t h e  channe l  system should  p r o v i d e  no less p r o t e c t i o n  
t h a n  t h a t  e s t a b l i s h e d  by t h e  d r a i n a g e  c o e f f i c i e n t .  Such a  des ign  r e q u i r e s  t h a t  
t h e  e n t i r e  watershed a r e a  b e  t a k e n  i n t o  account .  Flow from f lood-wate r - re ta rd ing  
s t r u c t u r e s  should  b e  added t o  the f low from u n p r o t e c t e d  up lands  and f l o o d - p l a i n  
l a n d s  which is  based on a p p r o p r i a t e  d r a i n a g e  c o e f f i c i e n t s  f o r  such u n p r o t e c t e d  
l a n d .  

S p e c i a l  r equ i rements  f o r  f l a t l a n d  
I n  c o n s i d e r i n g  t h e  runoff  from f l a t l a n d s  r e q u i r i n g  d r a i n a g e  systems,  i t  i s  impor- - 
t a n t  t o  c o n s i d e r  t h e  i n f l u e n c e  of e x t e n s i v e  s u r f a c e - d r a i n a g e  systems on t h e  
r e q u i r e d  c a p a c i t y  of t h e  main d i t c h e s .  F l a t l a n d s  may have a  l a r g e  amount of 
s u r f a c e  s t o r a g e  i n  sha l low d e p r e s s i o n s  and a  low r a t e  of runof f  b e f o r e  i n s t a l l a -  
t i o n  of w a t e r  c o l l e c t i o n  and d i s p o s a l  sys tems .  A s  d r a i n a g e  c o l l e c t i o n  and d i s -  
p o s a l  systems a r e  i n s t a l l e d ,  b o t h  s u r f a c e  s t o r a g e  and t i m e  of c o n c e n t r a t i o n  
d e c r e a s e .  The long-range t r e n d  of a g r i c u l t u r a l  development needs t o  b e  s t u d i e d  
i n  de te rmin ing  t h e  c o e f f i c i e n t s  a p p l i c a b l e  t o  main d r a i n a g e  d i t c h e s  f o r  e x t e n s i v e  
a r e a s  of f l a t l a n d .  

Depth t o  w a t e r  t a b l e  

Optimum dep th  t o  w a t e r  t a b l e  is t h e  s u b j e c t  of c o n s i d e r a b l e  r e s e a r c h  i n  t h e  
Uni ted S t a t e s ;  and a l s o  i n  t h e  Nether lands ,  where w a t e r  t a b l e s  can b e  c o n t r o l l e d  
w i t h i n  c l o s e  l i m i t s  throughout  t h e  growing season  i n  much of t h e  count ry  (18) .  
One of t h e  main f a c t o r s  invo lved  i s  t h e  q u a l i t y  of w a t e r .  I f  i t  i s  f r e e  from 
s a l t s ,  i n d i c a t i o n s  a r e  t h a t  t h e  w a t e r  t a b l e  needs t o  b e  o n l y  a s  deep a s  r e q u i r e d  
t o  p rov ide  s u f f i c i e n t  r o o t  zone d e p t h  f o r  s u p p o r t  of p l a n t s  t o  b e  grown and t o  
s u p p o r t  t i l l a g e  equipment.  A s  r o o t s  g e n e r a l l y  do n o t  p e n e t r a t e  deeper  than  
approximately  one f o o t  above t h e  w a t e r  t a b l e  t h e  d e p t h  t o  w a t e r  t a b l e  should be 
approximately  one f o o t  more than  t h e  d e p t h  of t h e  r o o t  p e n e t r a t i o n  d e s i r e d .  
Where s a l t s  a r e  p r e s e n t  t h e  w a t e r  t a b l e  must b e  deep enough t o  p r e v e n t  c a p i l l a r y  
flow from b r i n g i n g  d i s s o l v e d  s a l t s  up i n t o  t h e  r o o t  zone. 

Pumped-Well Drainage 

Pumped w e l l s  have e f f e c t i v e l y  d r a i n e d  l a n d  i n  some l o c a t i o n s .  Though c o s t l y  and 
r e s t r i c t e d  t o  f a v o r a b l e  g e o l o g i c  c o n d i t i o n s ,  pumped w e l l s  a r e  v e r s a t i l e  and may 
have an economic advantage over  o t h e r  methods of lowering and m a i n t a i n i n g  a  
d e s i r a b l e  w a t e r - t a b l e  l e v e l .  



Pumped-well d r a i n a g e  is  based on t h e  f o l l o w i n g  p r i n c i p l e s :  

1. A pumped w e l l ,  l i k e  o t h e r  forms of a r t i f i c i a l  d r a i n a g e ,  i n c r e a s e s  t h e  
f low energy g r a d i e n t  by c r e a t i n g  a s i n k  w i t h i n  a s a t u r a t e d  zone. 

2 .  Energy which t h e  w e l l  makes a v a i l a b l e  t o  t h e  ground-water f low system 
i s  d e r i v e d  from t h e  motor which l i f t s  t h e  w a t e r  from t h e  s i n k .  

3 .  The i n c r e a s e d  g r a d i e n t  must ex tend  t o  t h e  crop-root  zone i n  such d e g r e e  
a s  t o  c o n t r o l  t h e  wate r  t a b l e  w i t h i n  t h e  d e s i r e d  a r e a  and t o  t h e  d e s i r e d  
l e v e l .  

4 .  The i n c r e a s e d  energy g r a d i e n t  may be i n  t h e  form of drawdown; i.e. w a t e r  
t a b l e  s l o p e  toward t h e  w e l l ;  o r  it may b e  i n  t h e  form of  a p r e s s u r e  
g r a d i e n t  where t h e  ground w a t e r  i s  conf ined .  I n  e i t h e r  c a s e ,  a t  a 
g iven  p o i n t  i n  t h e  s a t u r a t e d  zone, t h e  q u a n t i t y  (P2) i s  decreased  i n  
t h e  e x p r e s s i o n :  

p1 p2 (q- + z1)-  (jj- -I- z 2 )  
Hydrau l ic  g r a d i e n t  = 

L 

t h u s  i n c r e a s i n g  t h e  g r a d i e n t  toward t h e  w e l l .  See "Hydraul ic  head" and 
"Hydraulic g r a d i e n t "  pages 1-10 t o  1-14. 

C l a s s e s  of pumped w e l l s  

Water- table  w e l l s  
Water- table  w e l l s  remove w a t e r  d i r e c t l y  from t h e  f r e e  ground w a t e r ,  c r e a t i n g  a 
drawdown s u r f a c e  i n  t h e  wate r  t a b l e .  

Confined-aquifer  o r  a r t e s i a n  w e l l s  
These w e l l s  remove w a t e r  from a f u l l y  s a t u r a t e d  a q u i f e r  which is  confined by 
impermeable o r  s lowly  permeable l a y e r s .  

T h e o r i e s  of f low i n t o  pumped w e l l s  

Flow i n t o  w e l l s  i s  ,a f u n c t i o n  of t h e  drawdown, and u s u a l l y  is  expressed  i n  t h e  
g e n e r a l  form: 

where y l  and y2  a r e  t h e  d e p t h s  of w a t e r  ( o r  h y d r a u l i c  head)  a t  d i s t a n c e s  rl and r 2  
from t h e  w e l l ,  r e s p e c t i v e l y .  

Wate r - tab le  w e l l s  
The approximat ions  of Dupuit  a r e  t h e  b a s i s  f o r  t h e  e q u a t i o n :  

where Q = flow i n t o  w e l l ,  w i t h  dimensions L ~ / T  

K = h y d r a u l i c  c o n d u c t i v i t y ,  L / T  

y l ,  y2 ,  r l ,  r2 a s  p r e v i o u s l y  d e f i n e d ,  i n  u n i t s  of L 

(L = l e n g t h  and T = t ime)  



T h i s  e q u a t i o n  n e g l e c t s  t h e  c u r v i l i n e a r  f low due t o  t h e  drawdown shape.  The e r r o r  
i s  n o t  l a r g e  i f  rl and r 2  a r e  s u f f i c i e n t l y  l a r g e  s o  t h a t  t h e  c u r v a t u r e  i s  n e g l i -  
g i b l e .  The e q u a t i o n  may b e  used t o  p r e d i c t  t h e  draw-down curve  and r a d i u s  of 
e f f e c t i v e  i n f l u e n c e .  It  is  u s e f u l  a l s o  f o r  computing t h e  h y d r a u l i c  c o n d u c t i v i t y  
from field-pumping t e s t s .  Two o r  more o b s e r v a t i o n  w e l l s  a r e  i n s t a l l e d  a t  d i f f e r e n t  
d i s t a n c e s  from t h e  pumped w e l l .  The n e a r e s t  o b s e r v a t i o n  w e l l  should n o t  be c l o s e r  
t o  t h e  pumped w e l l  than  100 t imes  t h e  w e l l  r a d i u s .  

Confined-aquifer  o r  a r t e s i a n  w e l l s  
Corresponding t o  t h e  e q u a t i o n  f o r  unconfined a q u i f e r s ,  t h e  Dupuit  e q u a t i o n  f o r  
confined a q u i f e r s  becomes: 

where Q = f low i n t o  w e l l ,  w i t h  dimensions L ~ / T  

K = h y d r a u l i c  c o n d u c t i v i t y ,  L/T 

m = t h i c k n e s s  o f '  a q u i f e r ,  i n  u n i t s  of L 

y1 and y2 = depth  from bot tom of a q u i f e r  t o  p r e s s u r e  s u r f a c e ,  a t  d i s t a n c e s  
r1 and r2 from t h e  w e l l ,  r e s p e c t i v e l y ,  a l l  i n  u n i t s  of L .  

A d d i t i o n a l  i n f o r m a t i o n  on t h e  h y d r a u l i c s  of w e l l s  may b e  o b t a i n e d  from NEH, 
S e c t i o n  1 8 ,  Ground Water,  pp 1-12 t o  1-18. 

B a s i s  f o r  d e s i g n  of pumped-drainage w e l l s  

The above e q u a t i o n s  a r e  f o r  t h e  e q u i l i b r i u m  o r  s t e a d y - s t a t e  c o n d i t i o n .  S i m i l a r  
r e l a t i o n s  have been der ived  f o r  u s e  i n  t h e  nonsteady s t a t e ,  such a s  i n  s i t u a t i o n s  
where pumped w e l l s  c o n t i n u e  t o  d e p l e t e  s t o r e d  w a t e r .  

Pumping from conf ined  a q u i f e r s  u s u a l l y  i s  s t e a d y  throughout  t h e  season  because ' 

t h e  a q u i f e r s  a r e  deep and r e p l e n i s h  s lowly and uniformly.  But w a t e r - t a b l e  w e l l s  
may b e  used f o r  e i t h e r  shor t - t ime  drawdown o r  near -cons tan t  s e a s o n a l  d i s c h a r g e .  
T h e r e f o r e ,  t h e i r  d e s i g n  should b e  based on two c o n s i d e r a t i o n s :  

1. Capac i ty  should b e  s u f f i c i e n t  t o  lower t h e  wate r  t a b l e  a f t e r  i r r i g a t i o n ,  
heavy p r e c i p i t a t i o n ,  o r  o t h e r  i n f l u e n t  seepage ,  i n  a  r e l a t i v e l y  s h o r t  
t i m e  t o  avoid c rop  damage. 

2. Capac i ty  should b e  s u f f i c i e n t  t o  remove a t  l e a s t  t h e  s e a s o n a l  n e t  
r e p l e n i s h m e n t ,  which i s  t h e  ground-water rep len i shment  l e s s  d e p l e t i o n s  
from c a u s e s  o t h e r  than  t h e  pumped w e l l  i n  q u e s t i o n .  S h o r t e r  pumping 
p e r i o d s  may b e  r e q u i r e d  f o r  t h i s  a n a l y s i s ,  such a s  1-, 2-, o r  3-month 
p e r i o d s .  

Advantages of pumped-well d r a i n a g e  

A h i g h  i n i t i a l  and o p e r a t i n g  c o s t  f o r  a  pumped w e l l  f o r  l a n d  d r a i n a g e  may b e  o f f -  
set by a number of i t s  advantages  over  a sha l low d r a i n  system.  Some of t h e s e  a r e :  

1. The w a t e r  t a b l e  may b e  lowered t o  much g r e a t e r  d e p t h s .  

2. Deep s t r a t a  may b e  much more permeable t h a n  t h o s e  n e a r e r  t h e  s u r f a c e .  



3. Productive land which would be occupied by open drains is saved, 

4. Maintenance costs are less than for open drains and may be less than 
for closed drains. 

5. Pumped water may be a valuable supplement to the irrigation-water supply. 



References 

(1)  DARCY, H .  
1856. Les Fontaines Publ iques  de  l a  V i l l e  de  Dijon,  P a r i s .  

(2)  WILLIAMSON, R. E .  and K R I Z ,  GEORGE J.  
1970. Response of A g r i c u l t u r a l  Crops t o  Flooding,  Depth of Water Table 

and S o i l  Gaseous Composition, Transac t ions  of t h e  American Soc ie ty  
of A g r i c u l t u r a l  Engineers ,  Vol. 13,  No. 2 pp. 216-220. 

(3) DONNAN, W .  W . ,  BRADSHAW, G. B . ,  and BLANEY, H .  F. 
1954. Drainage I n v e s t i g a t i o n  i n  Imper ia l  Val ley ,  A 10-Year Summary. 

U .  S. Dept. Agr.,  SCS-TP-120. 

(4)  VISSER, W. C. 
1953. De Grondslagen van d e  Drainagebereking.  Landbouwk. T id jd sch r .  

65: 66-81. 

(5) VAN SCHILFGAARDE, J . ,  KIRKHAM, D . ,  and FREVERT, P. K .  
1956. Phys i ca l  and Mathematical Theories  of T i l e  and Di tch  Drainage and 

Thei r  Usefulness  i n  Design. Iowa Agr. Expt. S t a .  Res. Bul. 436. 
667-706. 

(6)  HOOGHOUDT, S . B . 
1940. Bijdragen t o t  de Kennis van Eenige Natuurkundige Grootheden van 

den Grond, 7, Algemeenhe Beschouwing van h e t  Probleem van d e  D e t a i l  
Ontwatering en de  I n f i l t r a t i e  door Middel van P a r a l l e l  Loopende 
Dra ins ,  Greppels ,  S loo ten  en Kanalen. Ve r s l .  Landbouwk. Ond. 46: 
515-707. Algemeene Landsdrukker i j ,  The Hague. 

(7)  ERNST, L. F. 
1954. Het Berekenen van S t a t i o n a i r e  Groundwaterstromingen, Welke i n  een 

V e r t i k a a l  Vlak Afgebeeld Kunnen Worden, Rapport Bodemk. I n s t .  
T.N.O., Groningen. 

(8) VAN BEERS, W. F.  J .  
1965. Some Nornographs f o r  t h e  Ca l cu l a t i on  of Drain Spacings. I n t e r -  

n a t i o n a l  I n s t i t u t e  f o r  Land Reclamation and Improvement, Wageningen, 
t h e  Netherlands,  B u l l e t i n  8. 

(9) VAN DEEMTER, J .  J . 
1950. Bijdragen t o t  de Kennis van Enige Natuurkundige Grootheden van d e  

Grond, 11, Theore t i sche  en Numerieke Behandeling van Ontwatering- 
en I n f i l t r a t i e s t r o m i n g s p r o b l e m e n .  Ve r s l .  Landbouwk. Ond. 56, 
N r .  7. S t a a t s d r u k k e r i j ,  The Hague. 

(10) DUMM, LEE D.  
1954. Drain Spacing Formula. A g r i c u l t u r a l  Engineering,  Vol. 3 5 ,  

No. 10 ,  pp 726-730. 

(11) DUMM, LEE D.  
1964. Transient-Flow Concept i n  Subsurface Drainage: Its V a l i d i t y  and 

Use. Transac t ions  of t h e  American Soc i e ty  of A g r i c u l t u r a l  
Engineers ,  Volume 7 ,  No. 2 ,  pp 142-146, 151. 



(12) KIRKHAM, D .  
1949. Flow of Ponded Water i n t o  Drain Tubes i n  S o i l  Overlying an  

Impervious Layer.  Am. Geophys. Union Trans.  30: 369-385. 

(13) LUTHIN, J .  N . ,  and DAY, P.  R.  
1955. L a t e r a l  Flow above a Sloping Water Table.  S o i l  S c i .  Soc. 

Am. Proc.  19: 406-410. 

(14) TODD, D .  K. 
1955. Flow i n  Porous Media Studied by Hele-Shaw Channel. C i v .  

Engr. 25: 51. 

(15) McCRORY, S. H . ,  BAXTER, 0 .  G . ,  YARNELL, D .  L., JONES, L. A., and 
SCHLICK, W .  J .  

1915. Report upon t h e  Cypress Creek Drainage D i s t r l c c ,  Desha and 
Chicot  Counties ,  Arkansas. U .  S .  Dept. Agr.,  Of f i ce  of 
Exper. S t a . ,  Bul. 198. 

(16) STEPHENS, JOHN C .  and MILLS, W. C .  
1965. Using t h e  Cypress Creek Formula t o  Es t imate  Runoff Rates  i n  t h e  

Southern Coas ta l  P l a i n  and Adjacent Flatwoods Land Resource Areas.  
U .  S. Dept. Agr. ,  ARS-41-95. 

(17) SUTTON, JOHN G .  
1950. Design and Operat ion of Drainage Pumping P l a n t s .  U. S. Dept. Agr. 

Tech. Bul. 1008, p. 34. 

(18) WESSELING, J .  and VAN WIJK, W. R .  
1957. Height o f  Water Table. Drainage of A g r i c u l t u r a l  Lands. Vol. VII 

of Agronomy Monographs, pp 498-503, American Soc ie ty  of Agronomy. 
Madison, Wisconsin. 





UNITED STATES DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

NATIONAL ENGINEERING HANDBOOK 

SECTION 16 

DRAINAGE OF AGRICULTURAL LAND 

CHAPTER 2 .  DRAINAGE INVESTIGATIONS 

Contents 

General 
Existing data 

Aerial photographs 
Maps 
Surveys 
Miscellaneous data 

Soil Conservation Service experience in particular areas 
Relation of flood hazard to drainage feasibility 
Adequacy of outlet for drainage inprovement 

Basic requirements 
Special outlet conditions 

Tidal in£ hence 
Pumping 
Dikes and floodgates 

Economics of drainage projects 

Classification of Investigations 

Reconnaissance 
Field reconnaissance 
Detailed reconnaissance 

Ob j ec t ives 
Recommended procedure 

Preliminary Survey 
Objectives 
Recommended procedure for preparation of survey outline 
Preliminary design and estimate 
Preparation of plans and estimates 

Design Survey 
General 
Data required for design 

Investigations for Surface Drainage 
General 
Vertical Control 
Topography 
Soils investigations 

Page 



Soil classification 
Soil surveys 
Investigations for channel stability 

Land use and cropping pattern 
Precipitation, runoff, and stream stage records 
Location of mains and laterals 
Profiles and cross sections 
Recommendations for additional information and construction 
requirements 

Investigations for Subsurface Drainage 
General 
Surveys and investigations required 
Topographic surveys 
Soils investigations 
Subsurface explorations 

Logging soils and subsurface materials 
Soil samples for laboratory testing 
Hydraulic conductivity 

Auger-hole method 
Equipment for auger-hole method 
Formulas for determination of HC by auger-hole method 

Other methods for determining hydraulic conductivity 
Ground-water investigations 

Observation wells 
Size of wells and casing 
Spacing 
Depth 
Establishing well elevations 
Measuring water table levels and recording data 
Period of measurement 

Piezometers 
Installation by driving 
Installation by jetting 
Batteries of piezometers 

Salinity of ground water 
Irrigation practices 
Investigation of existing systems of buried drains 

References 

Figures 

Figure 2-1 Sample form for soil log 2-23 
Figure 2-2 Check list for fine-grained and partly organic soils 2-25 
Figure 2-3 Check list for coarse-grained soils 2-26 
Figure 2-4 Symbols for auger-hole method of measuring hydraulic 

conductivity 2-28 
Figure 2-5 Equipment for auger-hole method of measuring hydraulic 

conductivity 2-30 
Figure 2-6 Auger-hole method of measuring hydraulic conductivity 2-31 

& 2-32 
Figure 2-7 Hydraulic conductivity--auger-hole method by Ernst Formula 2-35 

& 2-36 



Figure 2-8 Example of field sheets for well and piezometer records 2-38 
Figure 2-9 Max-min well gage 2-40 

& 2-41 
Figure 2-10 Example of field sheet for piezometer log 2-44 

Appendix A 

Typical Outline for Preliminary Survey (Following page 2-48) 2A-1 





NATIONAL ENGINEERING HANDBOOK 

SECTION 16  

DRAINAGE OF AGRICULTURAL LAND 

CHAPTER 2. DRAINAGE INVESTIGATIONS 

General 

Drainage p r o j e c t s  r e q u i r e  survey and i n v e s t i g a t i o n  of s i t e  cond i t i ons  and s tudy 
of h i s t o r i c a l  d a t a  t o  determine t h e i r  f e a s i b i l i t y  and f o r  des ign .  The e x t e n t  of 
i n v e s t i g a t i o n  requi red  f o r  each p r o j e c t  depends on t h e  i n v e s t i g a t o r ' s  exper ience  
i n  t h e  a r e a  and t h e  amount of d a t a  a l r eady  a v a i l a b l e .  Where t h e  p r o j e c t  i s  small  
and problems and t h e i r  s o l u t i o n s  a r e  obvious,  i n v e s t i g a t i o n s  and surveys may be 
l i m i t e d  t o  f i e l d  checking a t  t h e  s i t e .  Larger  o r  complex p r o j e c t s  w i l l  r e q u i r e  
more i n t e n s i v e  i n v e s t i g a t i o n s .  

This  chapter  p rovides  gu ide l i ne s  f o r  de te rmina t ion  of t h e  ex t en t  of i n v e s t i g a t i o n s  
needed under v a r i o u s  cond i t i ons  and desc r ibe s  procedures  f o r  making them. 

Ex i s t i ng  d a t a  

Use of e x i s t i n g  d a t a ,  such a s  maps, p l ans ,  and r eco rds ,  and t h e  exper ience  of 
t r a i n e d  personnel  saves  cons iderab le  time i n  t h e  i n v e s t i g a t i o n  of d r a inage  pro- 
j e c t s .  Ava i l ab l e  d a t a  r e l a t i n g  t o  l o c a l  d r a inage  problems should be ob ta ined ,  
eva lua ted ,  p rope r ly  i d e n t i f i e d ,  and assembled f o r  use.  Local SCS personnel  should 
become f a m i l i a r  wi th  t he se  d a t a  i n  o rde r  t o  make t h e  maximum use  of it. Some 
types  of d a t a  h e l p f u l  t o  d r a inage  work, and which should be a v a i l a b l e  l o c a l l y ,  
a r e  d i scussed  below. The source  of supply of t h e  d a t a  i s  ind i ca t ed .  

A e r i a l  photosraphs 
Standard 4- and 8-inch per  mi l e  p r i n t s  a r e  u s u a l l y  a v a i l a b l e  through t h e  l o c a l  
SCS work u n i t .  The more up-to-date they a r e  t h e  more u s e f u l  they w i l l  be .  
Mosaics may be  needed on l a r g e r  p r o j e c t s .  Photos i n  USDA-SCS county s o i l  survey 
r e p o r t s ,  p a r t i c u l a r l y  i n  those  r e c e n t l y  publ i shed ,  a r e  va luab l e  a i d s .  

Maps 
Maps which show d e t a i l e d  and r e c e n t  topographic d a t a  a r e  t h e  most va luab l e .  
Quadrangle maps of t h e  U .  S. Geologica l  Survey (USGS), Corps of Engineers  (CE), 
Bureau of Reclamation, Tennessee Val ley  Author i ty ,  o r  o t h e r  f e d e r a l  o r  s t a t e  agency 
may be a v a i l a b l e .  Local i r r i g a t i o n  o r  d ra inage  d i s t r i c t s  o r  p r i v a t e  engineer ing  
f i rms  o f t e n  have u s e f u l  maps which may be  ob ta ined .  USGS maps a r e  a v a i l a b l e  from 
t h e  U. S. Geological  Survey, Denver, CoLorado o r  Washington, D.  C .  CE maps a r e  
a v a i l a b l e  from the  D i s t r i c t  Engineer of t h e  D i s t r i c t  which made t h e  map. An index 
of maps is  a v a i l a b l e  from the  USGS. 

Surveys 
Old dra inage  surveys and maps a r e  o f t e n  a v a i l a b l e  and gene ra l l y  con t a in  u s e f u l  
information.  These a r e  u s u a l l y  a v a i l a b l e  through t h e  dra inage  d i s t r i c t ,  county 
c l e r k  o r  county engineer .  

S o i l ,  geo log i c ,  ground water ,  and topographic surveys a r e  h e l p f u l  i n  dra inage  
work. Benchmark surveys made by t h e  U. S. Coast and Geodetic Survey, USGS, Corps 
of Engineers ,  Bureau of Reclamation o r  o t h e r  f e d e r a l  o r  s t a t e  agency a r e  va luab l e .  
V e r t i c a l  c o n t r o l  f o r  l a r g e  group o r  d i s t r i c t  e n t e r p r i s e s  should be t i e d  t o  s tandard 
benchmarks, based on mean s e a  l e v e l  datum wherever p r a c t i c a b l e .  2- 1 



Miscel laneous d a t a  
Records and r e p o r t s  of va lue  may inc lude :  r e p o r t s  of surveys  l i s t e d  above; s o i l  
conserva t ion  d i s t r i c t  programs and work p l ans ;  s tandard  s o i l  survey r e p o r t s ;  
p r e c i p i t a t i o n ,  s t reamflow, r i v e r  s t a g e ,  and t i d a l  r eco rds ;  and c rop  y i e l d  d a t a .  

The fol lowing p u b l i c a t i o n s  w i l l  be  of p a r t i c u l a r  i n t e r e s t :  

1. "Ra in fa l l  Frequency A t l a s  of t h e  United S t a t e s "  - U.  S. Department of 
Commerce, Weather Bureau - Technical  Paper No. 40, May 1961, and 
Technical  Paper No. 43, 1962 f o r  Hawaii. 

2. Two- t o  Ten-Day P r e c i p i t a t i o n  f o r  Return Pe r iods  of 2 t o  100 yea r s ,  
U .  S. Department of Commerce, Weather Bureau, Technical  Paper No. 49, 
1964 f o r  t h e  cont iguous United S t a t e s ,  Technical  Paper No. 51, 1965, f o r  
Hawaii, and s p e c i a l  p r e c i p a t i o n  r eco rds  f o r  mountain s t a t e s .  

3 .  Locat ion of hydrologic  s t a t i o n s ,  inc lud ing  t hose  measuring p r e c i p i t a t i o n ,  
and r i v e r  gaging s t a t i o n s  a r e  shown i n  "Notes on Hydrologic A c t i v i t i e s  
B u l l e t i n  No. 11" compiled under t h e  ausp ices  of t h e  Inter-Agency Com- 
m i t t e e  on Water Resources, Subcommittee on Hydrology, A p r i l  1961. This  
is a v a i l a b l e  through t h e  Nat iona l  Weather Serv ice .  

4. Tide Tables ,  compiled by t h e  U .  S. Coast and Geodetic Survey, a r e  a v a i l -  
a b l e  from t h a t  agency's Washington o f f i c e .  The volume f o r  t h e  A t l a n t i c  
and Gulf Coast i s  "Tide Tables ,  Eas t  Coast ,  North and South America 
( inc luding  Greenland)" and f o r  t h e  P a c i f i c  Coast ,  "Tide Tables ,  West 
Coast ,  North and South America ( inc luding  Hawaiian I s l ands ) . "  These 
a r e  publ ished annual ly .  

5. Data on benchmarks e s t a b l i s h e d  by f e d e r a l  agenc ies  a r e  a v a i l a b l e  on 
r eques t  from t h e i r  l o c a l  d i s t r i c t  headquar te rs  o r  t h e  Washington o f f i c e .  
Requests should s p e c i f y  t h e  l o c a l i t y  f o r  which t h e  in format ion  is  d e s i r e d .  

6 .  S t a t e  Laws - requirements  of s t a t e  agenc ies  f o r  p r o j e c t  development, 
c l ea r ance ,  e t c .  should be  known. 

A l l  d a t a  should be  eva lua ted  f o r  cur rency ,  accuracy,  and a p p l i c a t i o n  t o  t h e  
problem a r e a ,  and i t  should be  i d e n t i f i e d  a s  t o  source  and d a t e  of procurement. 
Also,  a f t e r  eva lua t i on ,  t h e  r e s u l t s  of t h e  eva lua t i on  should be c l e a r l y  s t a t e d ,  
da t ed ,  and s igned by t h e  eva lua to r .  L imi t a t i ons  on use  of t h e  d a t a  should b e  
s p e c i f i e d  . 
S o i l  Conservat ion Se rv i ce  experience i n  p a r t i c u l a r  a r e a s  

To t ake  advantage of exper ience  gained by working i n  a p a r t i c u l a r  a r e a  u se  t h e  
SCS "Drainage Guides" which d e s c r i b e  problems of d r a inage  on c e r t a i n  s o i l s  w i t h i n  
p a r t i c u l a r  a r e a s ,  i n v e s t i g a t i o n s  r equ i r ed ,  and t h e  gene ra l  c r i t e r i a  f o r  des ign  
of remedial  measures. 

Before t h e  d i f f e r e n t  k inds  of problems encountered i n  a g r i c u l t u r a l  d ra inage  a r e  
recognized,  a good knowledge of s o i l s ,  hydrology, hyd rau l i c s ,  and a g r i c u l t u r a l  
economics i s  needed. The e f f e c t s  of excess  water  and s a l i n i t y  on p l a n t  growth 
must be understood. Types of problems encountered i n  d r a inage  work and p r i n c i p l e s  
of dea l i ng  wi th  them a r e  d i scussed  i n  Chapter 1. D e t a i l s  of remedial  measures a r e  
i n  o t h e r  chap t e r s  which cover  t h e  p a r t i c u l a r  type  of d ra inage .  



R e l a t i o n  of f l o o d  hazard t o  d r a i n a g e  f e a s i b i l i t y  

When i n v e s t i g a t i n g  d r a i n a g e  problems i t  is  impor tan t  t o  de te rmine  i f  t h e  a r e a  i s  
s u b j e c t  t o  f l o o d i n g  and t h e  f requency and c h a r a c t e r  of t h e  f l o o d i n g .  Floods may 
b e  s o  f r e q u e n t  and damaging t h a t ,  w i t h o u t  t h e i r  p r e v e n t i o n ,  d r a i n a g e  of t h e  
p r o j e c t  a r e a  would n o t  b e  f e a s i b l e .  

The p r i n c i p l e  of d r a i n a g e  d e s i g n  is t o  remove e x c e s s  w a t e r  from t h e  s u r f a c e  of 
t h e  l a n d  and /or  from t h e  r o o t  zone of t h e  c r o p ,  b e f o r e  i t  causes  damage, and t o  
c r e a t e  a  more f a v o r a b l e  environment: f o r  t h e  d e s i r e d  c r o p s .  There a r e  p e r i o d s  i n  
t h e  growth of some c rops  when f l o o d i n g  should b e  h e l d  t o  a s  s h o r t  a  t ime a s  pos- 
s i b l e ,  b u t  i t  i s  u s u a l l y  n o t  f e a s i b l e  t o  a t t e m p t  t o  c o n t a i n  a l l  runof f  from t h e  
less f r e q u e n t  r a i n f a l l  e v e n t s  w i t h i n  d i t c h  banks w i t h o u t  any over land  f low.  

I n  e v a l u a t i n g  t h e  e f f e c t s  of f l o o d i n g  on f l a t l a n d  a r e a s  t h e  fo l lowing  f a c t o r s  
should b e  cons idered :  

1. Frequency of damaging floods.--The f requency  of damaging f l o o d s  under 
which a g r i c u l t u r a l  l and  can b e  o p e r a t e d  p r o f i t a b l y  w i l l  v a r y  accord ing  
t o  t h e  k ind  of c r o p s  t o  b e  grown, p r o d u c t i v i t y  of t h e  l a n d ,  t h e  c o s t  
of p r e v e n t i n g  such f l o o d s ,  and o t h e r  economic f a c t o r s .  I f  damaging 
f l o o d s  can  b e  expected more o f t e n  than  once each 3 t o  5 y e a r s  an economic 
e v a l u a t i o n  f o r  de te rmin ing  f e a s i b i l i t y  of t h e  p r o j e c t  may b e  r e q u i r e d .  

2.  Depth and d u r a t i o n  of f looding.--Flooding t o  sha l low d e p t h s  f o r  a  s h o r t  
d u r a t i o n  may n o t  b e  damaging. I n  many a r e a s  i t  h a s  been determined t h a t  
w a t e r  s t a n d i n g  6 i n c h e s  deep f o r  p e r i o d s  up t o  24 hours  u s u a l l y  i s  n o t  
damaging t o  f i e l d  c r o p s .  Truck c rops  and o t h e r  c r o p s  s e n s i t i v e  t o  excess  
w a t e r  u s u a l l y  r e q u i r e  a  more r a p i d  r a t e  of w a t e r  removal. Most p a s t u r e ,  
and r i c e l a n d  i n  r o t a t i o n  w i t h  p a s t u r e ,  can w i t h s t a n d  l o n g e r  p e r i o d s  of 
f l o o d i n g  w i t h o u t  damage. 

3 .  Time of flooding.--During t h e  season  when c r o p s  a r e  n o t  b e i n g  grown, 
damage by f l o o d i n g  on f l a t l a n d  may b e  l i m i t e d  t o  scour  of t h e  f l o o d  
p l a i n ,  d e p o s i t i o n  of s t e r i l e  m a t e r i a l s ,  and /or  p r o p e r t y  damage. Under 
some c o n d i t i o n s  f l o o d s  may b e n e f i t  l a n d  by d e p o s i t i o n  of t o p s o i l  and 
nu t r ' en t s .  

4 .  Eros ion  and /or  sedimentat ion.- - I f  f l o o d i n g  i n  a p a r t i c u l a r  a r e a  is l i k e l y  
t o  c a u s e  s e r i o u s  e r o s i o n ,  t h e  f e a s i b i l i t y  of d r a i n a g e  improvement i s  
q u e s t i o n a b l e .  I f  s e d i m e n t a t i o n  is e x c e s s i v e ,  methods t o  c o n t r o l  i t  
should  b e  i n v e s t i g a t e d .  Such measures as d i v e r s i o n s ,  d i k e s ,  and d e b r i s  
b a s i n s  may b e  i n d i c a t e d .  Flood p l a i n  scour  o r  e x c e s s i v e  sed imenta t ion  
expected may make t h e  p r o j e c t  f e a s i b i l i t y  q u e s t i o n a b l e .  

Adequacy of o u t l e t  f o r  d r a i n a g e  improvement 

Drainage improvements should b e  cont inued t o  a n  adequa te  o u t l e t .  G e n e r a l l y ,  
improvements t o  a  d r a i n a g e  system w i l l  i n c r e a s e  t h e  peak d i s c h a r g e  f o r  t h e  more 
f r e q u e n t l y  r e c u r r i n g  s to rms .  The i n c r e a s e  w i l l  v a r y  accord ing  t o  t h e  r a t i o  of 
d i t c h  c a p a c i t i e s  a f t e r  improvement t o  t h e i r  c a p a c i t i e s  b e f o r e  improvement. The 
e f f e c t  which t h i s  i n c r e a s e  i n  peak d i s c h a r g e  has  on s t a g e s  of w a t e r  i n  t h e  o u t l e t  
depends on t h e  r e l a t i o n  of t h e  s i z e ,  shape,  and h y d r o l o g i c  f a c t o r s  of t h e  p r o j e c t  
a r e a  improved t o  t h e  s i z e ,  shape ,  and h y d r o l o g i c  f a c t o r s  of t h e  watershed of t h e  
o u t l e t  above t h e  p o i n t  of d i s c h a r g e  of t h e  p r o j e c t  system.  



E f f e c t s  of dra inage  improvements on water  s t a g e s  i n  o u t l e t s  cons i s t i ng  of major 
r i v e r s ,  l a r g e  l akes ,  o r  t idewater  may be considered n e g l i g i b l e .  E f f e c t s  on 
o u t l e t s  i n  f l a t  l ands ,  whose drainage a rea  above the  poin t  of discharge of t he  
p r o j e c t  system i s  a t  l e a s t  t e n  times t h e  s i z e  of t he  p r o j e c t  dra inage  a rea ,  a l s o  
may be  considered neg l ig ib l e .  

Basic requirements 
I n  determining adequacy of o u t l e t s  t h e  fol lowing b a s i c  requirements should be 
m e t :  

1. The capaci ty  of t he  o u t l e t  should be such t h a t  t h e  des ign  flow from the  
p r o j e c t  w i l l  d i scharge  a t  a s t a g e  e l eva t ion  equal  t o  o r  l e s s  than t h a t  
requi red  f o r  adequate drainage of t h e  land i n  t h e  p r o j e c t .  Where the  
p ro j ec t  d ischarges  i n t o  a  n a t u r a l  o r  constructed channel ,  cons idera t ion  
should be  given t o  the  runoff from the  e n t i r e  watershed of t he  channel,  
which should b e  computed on t h e  same b a s i s  a s  t h a t  used f o r  t h e  p r o j e c t  
a r ea .  The stage-discharge r e l a t i o n s h i p  of t he  o u t l e t  channel should be  
determined from records  o r  by c a l c u l a t i o n .  

2 .  The capaci ty  of t he  o u t l e t  a l s o  must be such t h a t  t h e  d ischarge  from t h e  
p r o j e c t ,  a f t e r  proposed improvements, w i l l  no t  r e s u l t  i n  s t a g e  inc reases  
i n  t h e  o u t l e t  t h a t  w i l l  cause s i g n i f i c a n t  damages downstream. 

3 .  The e l eva t ion  of t he  water su r f ace  a t  normal low flow i n  t h e  o u t l e t  
should permit  any needed subsurface drainage t o  be  discharged.  

The hydraul ic  g rade l ine  f o r  low water  flow, from t h e  o u t l e t  through t h e  
system of mains and l a t e r a l s  t o  t h e  uppermost subsurface d r a i n  i n  t h e  
p r o j e c t ,  should be determined t o  in su re  t h a t  a l l  needed d ra ins  can be 
discharged above i t .  

4 .  There should not  be excessive scour o r  depos i t ion  of sediment i n  t he  
o u t l e t .  

Spec ia l  o u t l e t  condi t ions  
Tida l  inf luence .  - Effec t  of t he  t i d e s  o r  l i t t o r a l  d r i f t  on d ischarge  should be  
determined where improved channels d ischarge  i n t o  r i v e r s ,  e s t u a r i e s ,  bays, and 
sounds sub jec t  t o  t i d a l  inf luence .  This  should apply whether o r  not t he  o u t l e t  
is reached through an automatic t i d e  g a t e ,  o r  d i r e c t l y ,  without  t h e  b e n e f i t  of 
a  t i d e  ga t e .  

The c h a r a c t e r i s t i c s  and types of t i d e s  a r e  discussed by H. A .  Marmer i n  "Tidal 
Datum Planes,"  ( I ) ,  and i n  Chapter 9 of t h i s  handbook. Where the  drainage of 
a g r i c u l t u r a l  land is a f f ec t ed  adverse ly  by t i d a l  a c t i o n  i t  should be  pro tec ted  
by a  system of d ikes  and t i d e  ga tes .  Planning,  design,  and cons t ruc t ion  of d ikes  
is covered i n  Chapter 6 .  Routing of s p e c i f i e d  flows through e x i s t i n g  o r  proposed 
g a t e s ,  i n  order  t o  determine s t a g e  r e l a t i o n s  i n  t he  p r o j e c t  a r ea  is  covered i n  
SCS Technical Release No. 1, "Routing Through Tide Gates,"  and i n  Chapter 9 of 
t h i s  handbook. 

Pumping. - Where the  p r o j e c t  is provided wi th  pumps f o r  d ischarge  of runoff from 
t h e  watershed, t h e  a rea  usua l ly  is pro tec ted  by d ikes .  I n  t h i s  case  t h e  d ikes  
should meet t h e  National  Engineering Standard f o r  d ikes ,  t h e  pumping capaci ty  
should be  adequate f o r  t h e  design runof f ,  and t h e  o u t l e t  i n t o  which t h e  pumps 
d ischarge  should meet t h e  b a s i c  requirements f o r  o u t l e t s .  



Dikes and f l oodga t e s .  - The a r e a  t o  b e  improved may b e  p ro t ec t ed  from f looding  
only  by a  system of d ike s  and f l oodga t e s .  I n  such ca se s  t h e r e  is a  ques t i on  a s  
t o  whether a  pumping p l a n t  i s  needed t o  r e l i e v e  temporary f looding  w i t h i n  t h e  
p ro t ec t ed  a r e a  during per iods  when t h e  f l oodga t e s  a r e  closed due t o  h igher  s t a g e s  
on t h e  ou t s ide .  This  r e so lves  i t s e l f  i n t o  a  check of coincidence of s t a g e s  on 
both  s i d e s  of t h e  d ike .  A temporary r e s e r v o i r  is  formed i n  t h e  p ro t ec t ed  a r e a ,  
and a  check i s  made of t h e  frequency and d u r a t i o n  of pumping requi red  t o  remove 
water  from t h e  r e s e r v o i r .  The c o s t  of t he  pumping p l a n t  requi red  t o  r e l i e v e  t h e  
temporary f l ood ing  w i t h i n  t h e  p ro t ec t ed  a r e a  should be  determined, inc lud ing  t h e  
c o s t  of ope ra t i on .  This would be  compared w i th  t h e  damage which could b e  expected 
due t o  f l ood ing  without  t h e  pumping p l a n t .  A s tudy  of t h e  t iming of co inc iden t  
f lood  s t a g e s  on bo th  s i d e s  of t h e  d i k e  and t h e  economic f a c t o r s  involved w i l l  pro- 
v i d e  t h e  in format ion  needed t o  determine t h e  f e a s i b i l i t y  of t h e  pumping p l a n t .  

Economics of d r a inage  p r o j e c t s  

I n  a l l  c a s e s ,  recommended improvements should provide  b e n e f i t s  i n  excess  of c o s t s .  
For l a r g e  complex p r o j e c t s  an economic a n a l y s i s  is  needed t o  make t h e  f e a s i b i l i t y  
de te rmina t ion .  For smal l  jobs a  comparison w i th  s i m i l a r  work i n  t h e  a r e a ,  where 
b e n e f i t s  a r e  w e l l  known, is  usua l l y  enough t o  determine f e a s i b i l i t y .  

On l a r g e  group e n t e r p r i s e s ,  t h e  a n a l y s i s  may b e  complex and r e q u i r e  t h e  a s s i s t a n c e  
of an economist.  There a r e  va r ious  s t a g e s  between t h e s e  two extremes and t h e  
p r i n c i p l e s  of good economic a n a l y s i s  should be  fol lowed.  Reference should be  made 
t o  t h e  S o i l  Conservation Se rv i ce ' s  "Economics Guide f o r  Watershed P r o t e c t i o n  and 
Flood Prevent ion ,"  March 1964. 

C l a s s i f i c a t i o n  of I n v e s t i g a t i o n s  

I n v e s t i g a t i o n s  f o r  d ra inage  work may b e  d iv ided  i n t o  t h r e e  types  depending upon 
t h e  o b j e c t i v e s  and l e v e l  of i n v e s t i g a t i o n  r equ i r ed .  These w i l l  b e  d i scussed  h e r e  
a s  : 

I. Reconnaissance 

2. Pre l iminary  survey 

3 .  Design survey 

S ince  most jobs  a r e  somewhat d i f f e r e n t  t h e  i n v e s t i g a t i o n s  needed f o r  each should 
be  considered c a r e f u l l y .  For t h e  l a r g e r ,  more complex jobs a  work o u t l i n e  u sua l l y  
i s  requi red  t o  i n s u r e  t h a t  t h e  d a t a  needed i s  obta ined  i n  an o r d e r l y  manner. 
I n v e s t i g a t i o n s  f o r  t h e  sma l l e r ,  f r equen t ly  r e c u r r i n g  types  of jobs may be  based 
on a  s t anda rd  procedure,  which has  been developed f o r  t h e  p a r t i c u l a r  type  of job 
and a  s i m i l a r  s e t  of s i t e  cond i t i ons .  I n  any c a s e ,  extraneous d e t a i l s  and work 
no t  needed t o  meet a  s p e c i f i c  o b j e c t i v e  should be  omit ted.  

Reconnaissance (Pre l iminary  I n v e s t i g a t i o n )  

F i e l d  reconnaissance 

A f i e l d  reconnaissance  of t he  dra inage  problem a r e a  i s  necessary  t o  o b t a i n  a s  
much informat ion  a s  p o s s i b l e ,  and t o  provide t h e  b a s i s  f o r  development of a  work 
o u t l i n e  f o r  a d d i t i o n a l  i n v e s t i g a t i o n s  needed. The reconnaissance i s  u s u a l l y  an 
i n spec t i on  of t h e  a r ea  from e a s i l y  a c c e s s i b l e  p o i n t s .  P a r t s  of t h e  watershed 
o u t s i d e  t h e  dra inage  problem a r e a ,  should b e  examined t o  determine runoff  
c h a r a c t e r i s t i c s  and land t rea tment  needed f o r  p r o t e c t i o n  of t h e  proposed 



improvements. This reconnaissance may be supplemented by discussions with the 
owners and others who are familiar with the area. 

For group enterprises where a report is necessary as a basis for determining 
feasibility of the job, group interest, and determination of SCS personnel time 
required to complete the job, a more comprehensive reconnaissance is needed. 
Under these circumstances the type of investigation usually required is on the 
order of that described as "Preliminary Investigation" in the Watershed Protection 
Handbook and as a detailed reconnaissance below. 

Detailed reconnaissance 

This is a streamlined type of investigation to determine the problems in the 
drainage area and the principal improvements needed, and to make a rough estimate 
of the cost. 

Conditions applicable to a detailed reconnaissance are: 

1. A P.L. 566 Watershed which it is known will be considered for planning 
priority by the Governor of a State or his designated state agency. 

2. A group enterprise where the group is not well organized, interest level 
among some landowners is high, but some opposition may exist, and there 
is a need for a plan and cost estimate of the project before organiza- 
tion of the group can be completed. 

3 .  A comparatively large and complex individual farm job where the owner 
needs an estimate of cost before he can commit himself to proceeding 
with the project. 

Ob j ec t ives 
The objectives of a detailed reconnaissance should be to: 

1. Determine the extent of the area needing improvement. 

a. Type of improvements required should be determined: flood prevention, 
surface drainage, subsurface drainage. 

2. Determine the adequacy of outlets for the needed improvements. 

3. Develop a general plan for improvement: 

a. Make an estimate of principal improvements needed. 

b. If drainage ditches may be located through hardwood swamps, have 
forester to identify and evaluate timber in a general way. 

c. Consider wildlife aspects of ditches through swamps. Priorities in 
maintenance of wildlife values and agricultural purposes should be 
determined at this stage. 

d. Determine adequacy of organization to obtain needed rights-of-way. 
(For group enterprises only.) 

4. Insure that the plan of improvement will meet the requirements of state 
law. 



5. Make an  e s t ima te  of t h e  c o s t s  and b e n e f i t s  of t h e  proposed improvements 
(where necessary) .  

6 .  Make a  comparison of t h e  c o s t s  and b e n e f i t s  and prepare  recommendations 
t o  t h e  members of t h e  e n t e r p r i s e  f o r  t h e  course  of a c t i o n  t o  fo l low.  

Recommended procedure 
The fol lowing i tems  a r e  considered t o  be t h e  minimum requ i r ed .  Modi f ica t ion  may 
be  needed f o r  t h e  p r o j e c t  under cons ide ra t i on .  

1. Assemble and eva lua t e  e x i s t i n g  d a t a .  

2 .  Prepare  a work map of t h e  p r o j e c t  showing watershed boundaries ,  e x i s t i n g  
s t reams,  o ld  d i t c h e s  and d r a i n s ,  phys i ca l  f e a t u r e s ,  and o t h e r  p e r t i n e n t  
in format ion .  

3 .  Obtain o r  develop a  gene ra l i z ed  s o i l  and s imple land use  map of t h e  
p r o j e c t .  

4 .  Determine s t a t u s  of any s t a t e ,  f e d e r a l ,  o r  l o c a l  program which w i l l  have 
an e f f e c t  on t h e  p r o j e c t .  

5. Make an engineer ing  reconnaissance  of t h e  p r o j e c t .  Observe e x i s t i n g  
d r a i n s  and d i t c h e s ,  b r i dges ,  topographic and farm cond i t i ons ,  and ground 
water  l e v e l s .  

6 .  Determine t h e  adequacy of o u t l e t s  f o r  d ra inage  improvements. 

7 .  Make t h e  fol lowing de te rmina t ions  by eva lua t i ng  t h e  in format ion  gained 
from t h e  engineer ing  reconnaissance ,  and t h e  m a t e r i a l  l i s t e d  i n  i t ems  1, 
2  and 3 above: 

a .  Develop a  t e n t a t i v e  p l an  of improvement. 

b .  Determine t h e  approximate l o c a t i o n s  of t h e  mains and p r i n c i p a l  
l a t e r a l s  - eva lua t e  adequacy of p r e s e n t  l o c a t i o n s .  

c .  Prepare  c o s t  e s t i m a t e  - cons ider  c l e a r i n g ,  excava t ion ,  spreading  of 
s p o i l ,  e ro s ion  c o n t r o l ,  b r i dges ,  c u l v e r t s  and o t h e r  s t r u c t u r e s ,  
p i p e l i n e s ,  e t c .  

(1) Mains and p r i n c i p a l  l a t e r a l s .  

(2)  Minor l a t e r a l  d i t c h e s  and d r a i n s .  

(3)  Dikes, f l ood  g a t e s ,  pumping p l a n t .  

(4) Land, easements and r igh ts -of  -way. 

8. Check t h e  p r o j e c t  c o s t  e s t i m a t e  a g a i n s t  c o s t s  f o r  s i m i l a r  p r o j e c t s  pre- 
v i o u s l y  cons t ruc ted .  Modify u n i t  c o s t s  t o  r ep re sen t  cu r r en t  c o s t s .  
Allow f o r  phys i ca l  d i f f e r e n c e s  between p r o j e c t s .  

9 .  Use a n  adequate  contingency allowance i n  a r r i v i n g  a t  t o t a l  c o s t  e s t ima te .  

10.  Es t imate  t h e  b e n e f i t s  expected t o  accrue  t o  t h e  p r o j e c t  a f t e r  i n s t a l l a t i o n  
of proposed improvements. Compare t h e  c o s t s  and b e n e f i t s .  



11. Prepare  recommendations. 

A l l  d a t a  developed i n  t h e  reconnaissance should b e  p l o t t e d  on s tandard  d a t a  s h e e t s ,  
p roper ly  i d e n t i f i e d  and f i l e d  i n  a  manner t h a t  i t  can be  used most e f f e c t i v e l y  i n  
f u r t h e r  work on t h e  p r o j e c t .  

Pre l iminary  Survey (Engineering Survey f o r  Watershed 
Work Plan I n v e s t i g a t i o n s  and Analysis)  

This  is a  r a t h e r  comprehensive survey,  bu t  lack ing  the  d e t a i l  requi red  f o r  prepa- 
r a t i o n  of cons t ruc t ion  p lans .  However, f i e l d  d a t a  c o l l e c t e d  and recorded should 
be  s u f f i c i e n t l y  accu ra t e  f o r  use i n  des ign  survey.  Extensive f i e l d  surveys and 
i n v e s t i g a t i o n s  a r e  made, problems a r e  l oca t ed  and remedial measures a r e  planned, 
pre l iminary  des igns  a r e  made, and a r e l i a b l e  cos t  e s t ima te  is  prepared.  Ordinari-  
l y  an economic eva lua t ion  of p r o j e c t  f e a s i b i l i t y  i s  made. This  type of survey 
should be  made only a f t e r  i t  i s  determined t h a t  i n t e r e s t  of landowners is adequate 
t o  j u s t i f y  t he  surveys  and t h a t  it is t h e i r  i n t e n t  t o  assume t h e i r  f i n a n c i a l  o b l i -  
g a t i o n s  and overcome any minor obs t ac l e s  and right-of-way problems. 

Pre l iminary  surveys a r e  app l i cab l e  t o :  

1. A group e n t e r p r i s e  where t h e  dra inage  problems a r e  complex, t he  s p e c i f i c  
measures needed t o  c o r r e c t  t h e  problems may not  be  r e a d i l y  apparent ,  a 
p lan  and c o s t  e s t ima te  is needed t o  make arrangements f o r  i n s t a l l a t i o n  
of t h e  needed improvements, and an economic eva lua t ion  is  needed t o  
determine p r o j e c t  f e a s i b i l i t y .  This  inc ludes  P.L. 566 Watersheds and 
RC&D p r o j e c t s .  

2. A group e n t e r p r i s e  where k inds  of needed improvements a r e  known, land- 
owners r e s p o n s i b i l i t i e s  f o r  o b l i g a t i o n s  a r e  known and accepted,  bu t  a  
more d e t a i l e d  survey is necessary f o r  bond i s s u e  o r  f o r  f e d e r a l  a s s i s t -  
ance. 

Objec t ives  

The o b j e c t i v e s  of a  pre l iminary  survey a r e  t o :  

1. S p e c i f i c a l l y  l o c a t e  a r ea s  i n  need of improvement - f l ood  prevent ion ,  
su r f ace  dra inage ,  subsur face  dra inage .  

2 .  Develop a  comprehensive p lan  f o r  improvement based on needs of t he  
watershed and d e s i r e s  of t h e  owners. 

a. S e l e c t  des ign  c r i t e r i a .  

b. Locate and make pre l iminary  des ign  of a l l  t h e  p r i n c i p a l  f e a t u r e s  of 
t h e  planned improvements. 

3 .  Prepare e s t ima te  of q u a n t i t i e s  and c o s t s .  

Recommended procedure f o r  p repa ra t ion  of survey o u t l i n e  

The s p e c i f i c  surveys and i n v e s t i g a t i o n s  requi red  t o  meet t h e  o b j e c t i v e s  w i l l  vary  
according t o  t h e  n a t u r e  of t h e  problems i n  t h e  a rea .  The procedure ou t l i ned  
below may be  a l t e r e d  t o  meet t h e  p a r t i c u l a r  requirements. 



I n  t h e  pre l iminary  survey,  s u b s t a n t i a l  f i e l d  work i s  r equ i r ed ,  t h e  r e s u l t s  of 
which a r e  t hen  eva lua ted  f o r  completeness and accuracy,  and d a t a  i s  p l o t t e d  f o r  
use  i n  des ign .  A schedule of ope ra t i ons  should be developed t o  i n s u r e  t h a t  t h e  
va r ious  phases of t he  survey a r e  completed a s  r equ i r ed .  I n  p r o j e c t s  where subsur- 
f a c e  d r a inage  is  a  problem i t  may be necessary  t o  provide  a  time l a g  of s e v e r a l  
months f o r  assembly of f i e l d  d a t a  - o t h e r  than  t h e  p e r i o d i c  read ing  of observa t ion  
w e l l s  and/or  piezometers a f t e r  t h e i r  i n s t a l l a t i o n  and dur ing  t h e  per iod  when water  
t a b l e  cond i t i ons  a r e  expected t o  be most s i g n i f i c a n t .  

Af t e r  t h e  reconnaissance of t h e  p r o j e c t  a r e a  by t h e  engineer  r e spons ib l e  f o r  t he  
survey,  made w i th  l o c a l  personnel  most f a m i l i a r  wi th  t h e  s i t u a t i o n ,  t h e  fol lowing 
procedure is ind i ca t ed :  

1. Ex i s t i ng  d a t a ,  p e r t i n e n t  t o  t h e  problem a r e a ,  should be ob ta ined .  Most 
of t h i s  w i l l  have been obta ined  dur ing  t h e  reconnaissance.  Carefu l  
eva lua t i on  of such d a t a  w i l l  u s u a l l y  save  a  l o t  of f i e l d  work. 

2 .  A survey o u t l i n e  should be  prepared.  This  o u t l i n e  should cover t he  
fo l lowing  i tems w i th  r e s p e c t  t o  t h e  s p e c i f i c  needs of t h e  a r ea :  

a .  Objec t ives  of t h e  survey and i n v e s t i g a t i o n .  

b .  Inventory of a v a i l a b l e  d a t a  which w i l l  be u s e f u l .  

c .  Addi t iona l  d a t a  needed t o  meet t h e  o b j e c t i v e s .  

d .  Proposed p l an  of i n v e s t i g a t i o n .  

(1) This  may need t o  be  expanded o r  r ev i s ed  a s  t he  survey progresses  
and requirements  of t h e  p r o j e c t  a r e  b e t t e r  known. 

(2 )  The p lan  of i n v e s t i g a t i o n  should be  c a r e f u l l y  worked o u t  t o  use  
a v a i l a b l e  r o u t e s  of communication t o  t h e  maximum e x t e n t  possi-  
b l e  and t o  o b t a i n  t h e  e s s e n t i a l  in format ion  a t  t h e  Least  c o s t .  

e. P lan  f o r  e v a l u a t i o n  of d a t a  and pre l iminary  des ign .  

f .  P r epa ra t i on  of e s t ima te s  and r e p o r t .  

g .  Est imate of personnel  requi red  - un le s s  t h e  job is t o  be  cont rac ted .  

(1)  A dead l ine  f o r  completion of t h e  survey should be e s t a b l i s h e d  
and types of personnel  and time on t h e  job scheduled i n  o rde r  
t o  meet t h e  dead l ine .  

h. Equipment requi red  - type  and time on job - u n l e s s  job i s  t o  be 
con t r ac t ed .  

A sample o u t l i n e  f o r  a  Pre l iminary  Survey is  g iven  i n  Appendix A. Th i s  o u t l i n e  
sugges ts  procedures  which a r e  of t h e  i n t e n s i t y  normally needed f o r  meeting t he  
o b j e c t i v e s  of t h i s  type  of survey.  A s  work progresses  i t  may be found t h a t  cer-  
t a i n  changes i n  t h e  proposed i n v e s t i g a t i o n s  should be made i n  o rde r  t o  accomplish 
t h e  o b j e c t i v e s  a t  t he  l e a s t  c o s t .  Changes i n  t h e  o u t l i n e  should be made i n  t h e  
same manner a s  t h e  o r i g i n a l  o u t l i n e  was developed. 

Pre l iminary  des ign  and e s t ima te  

The pre l iminary  des ign  r equ i r ed  a s  an e s s e n t i a l  p a r t  of t h i s  survey i s  based on 



c r i t e r i a  contained i n  t h e  chapter  of t h i s  handbook which d e a l s  w i th  t h e  p a r t i c u l a r  
type  of d ra inage .  S t a t e  engineer ing  s t anda rds  and l o c a l  d r a inage  guides  f o r  t h e  
p r a c t i c e  should be  fol lowed.  The d a t a  on which t h e  des ign  i s  based w i l l  no t  be  
of t h e  i n t e n s i t y  r equ i r ed  f o r  cons t ruc t i on  des ign  and t h e  des ign  i t s e l f  need n o t  
go i n t o  t h e  d e t a i l  r equ i r ed  f o r  cons t ruc t i on .  The need h e r e  is t o  o b t a i n  a  des ign  
of t h e  p r o j e c t  which w i l l  permit  t h e  development of a  c o s t  e s t i m a t e  t h a t  w i l l  b e  
w i t h i n  t h e  r equ i r ed  degree  of accuracy.  This  is g e n e r a l l y  considered t o  be a n  
e s t i m a t e  w i t h i n  20 pe rcen t  of t h e  a c t u a l  c o s t  of improvement. 

The fo l lowing  g u i d e l i n e s  gene ra l l y  should be followed i n  o rde r  t o  o b t a i n  a  s u f f i -  
c i e n t l y  accu ra t e  e s t ima te :  

1. A pre l iminary  des ign  of a l l  mains and l a t e r a l s  should be  made which w i l l  
permit  e s t ima t ion  of q u a n t i t i e s  and c o s t s  w i th in  t h e  t o l e r ances  d i scussed  
above. 

2. P r i n c i p a l  l a t e r a l s  f o r  s u r f a c e  d r a inage  a r e  considered t o  be  t hose  w i th  
a  dra inage  a r e a  of one square  mi l e  o r  more, and which a r e  needed t o  
remove excess  water  from land  t o  be  p ro t ec t ed .  

3 .  For subsur face  dra inage  improvements a l l  open d i t c h e s  d r a in ing  one square  
m i l e  o r  more, and a l l  group main d r a i n s  should be  included i n  f e a t u r e s  
f o r  which a  pre l iminary  des ign  is  made. 

I n  a d d i t i o n  t o  e s t ima t ing  q u a n t i t i e s  and c o s t s  f o r  c l e a r i n g  and grubbing,  excava- 
t i o n ,  spreading of s p o i l ,  i n s t a l l a t i o n  of d r a i n s  and appur tenant  s t r u c t u r e s ,  and 
rights-of-way, a l l  o t h e r  i tems r equ i r ed  f o r  t h e  d r a inage  system should be  included 
i n  t h e  c o s t  e s t ima te .  Costs  f o r  some of t h e s e  i tems should b e  es t imated  on an 
i n d i v i d u a l  b a s i s  because of t h e i r  s i z e  and importance. These inc lude :  b r i dges ,  
c u l v e r t s ,  i r r i g a t i o n  flumes and grade  c o n t r o l  s t r u c t u r e s  i n  mains and p r i n c i p a l  
l a t e r a l s ;  d i k e s ,  pumps, and t i d e  and f l oodga t e s .  Other ,  l e s s  c o s t l y  i tems,  may 
b e  es t imated  on a  sampling b a s i s .  These i nc lude  e ro s ion  c o n t r o l  s t r u c t u r e s  f o r  
s ide-water  i n l e t s ,  wa t e rga t e s  f o r  c r o s s  f ences ,  and v e g e t a t i o n  of d i t c h  banks and 
c r i t i c a l  e ro s ion  a r e a s .  

P r epa ra t i on  of p l a n s  and e s t ima te s  

The p l a n s  f o r  proposed improvements should be  a s  complete a s  t h e  d a t a  accumulated 
w i l l  pe rmi t .  P lans  and e s t ima te s  prepared a s  a  r e s u l t  of t h i s  survey w i l l  f r e -  
quent ly  form t h e  b a s i s  f o r  development of watershed work p l ans ,  i s suance  of bonds 
by d ra inage  d i s t r i c t s ,  o r  o t h e r  l a r g e  s c a l e  dra inage  ope ra t i ons .  They should 
meet a l l  Se rv i ce  s t anda rds  f o r  t e c h n i c a l  exce l l ence  and c l a r i t y .  Data developed 
f o r  t h e s e  p l ans  can b e  used i n  p r epa ra t i on  of f i n a l  de s ign  and should be  care-  
f u l l y  marked i n  t h e  f i e l d  and on t h e  no t e s .  

The fol lowing i tems  should be  included i n  t h e  p l ans  developed: 

1. Map of p r o j e c t  a r e a  showing proposed improvements. The map should show 
t h e  fo l lowing  f e a t u r e s :  

a .  Loca t ion  of a l l  mains and l a t e r a l s  which were surveyed. L a t e r a l s  
which a r e  proposed but  no t  s p e c i f i c a l l y  l oca t ed  should no t  be  shown 
on t h e  map. 

b .  Drainage a r e a  boundaries  of mains and l a t e r a l s .  



c. E x i s t i n g  l and  u s e ,  r o a d s ,  r a i l r o a d s ,  towns, p u b l i c  u t i l i t i e s  and 
p i p e l i n e s ,  i r r i g a t i o n  f a c i l i t i e s ,  b r i d g e s  and c u l v e r t s  which a r e  
proposed t o  b e  b u i l t  o r  r e b u i l t ,  a p p a r e n t  p r o p e r t y  l i n e s ,  and o t h e r  
s t r u c t u r e s  o r  i t e m s  which a r e  s p e c i f i c a l l y  l o c a t e d .  

d .  Pumps, d i k e s ,  f l o o d g a t e s ,  e t c .  where a p p l i c a b l e .  

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

2. P r o f i l e s  and c r o s s  s e c t i o n s  - P r o f i l e s  and c r o s s  s e c t i o n s  of a l l  mains 
and l a t e r a l s  surveyed should  be i n c l u d e d .  P r o f i l e s  should show normal 
ground e l e v a t i o n ,  s p o t  e l e v a t i o n s  i n  f i e l d ,  e x i s t i n g  and proposed d i t c h  
bo t toms ,  d e s i g n  h y d r a u l i c  g r a d e l i n e ,  and b r i d g e ,  c u l v e r t ,  and grade  
c o n t r o l  s t r u c t u r e  e l e v a t i o n s  and dimensions.  The e l e v a t i o n  of t h e  wate r  
s t a g e  i n  t h e  o u t l e t ,  a f t e r  i n s t a l l a t i o n  of p r o j e c t  improvements, f o r  t h e  
f requency  of s torm used f o r  d e s i g n ,  shou ld  b e  determined and shown on 
t h e  p r o f i l e  of t h e  main d i t c h .  

Cross  s e c t i o n s  should show e x i s t i n g  and proposed s e c t i o n s  of channe l ,  
berm, and r e l a t e d  d i k e  o r  s p o i l  bank; e x i s t i n g  and proposed c u l v e r t s  
and b r i d g e s ,  i n c l u d i n g  deck ,  abutments ,  p i e r s ,  and f o o t i n g s ;  and compu- 
t a t i o n  of ear thwork q u a n t i t i e s .  

3 .  T y p i c a l  l a y o u t s  of on-farm d r a i n a g e  systems recommended and used i n  mak- 
i n g  c o s t  e s t i m a t e s .  

4 .  T y p i c a l  p l a n s  f o r  s t r u c t u r e s  r e q u i r e d  f o r  a d m i t t i n g  runof f  w a t e r  t o  mains 
and l a t e r a l s  t o  p reven t  e r o s i o n ,  and f o r  o t h e r  s t r u c t u r e s  needed. 

5. Hydrau l ic  computat ions  f o r  channel  o r  floodway d e s i g n .  

6. E s t i m a t e s  of q u a n t i t i e s  and c o s t s .  These should b e  broken down by major 
i t e m s  of work t o  t h e  e x t e n t  t h a t  any s e p a r a t e  group o r  agency concerned 
w i t h  t h e  p r o j e c t  w i l l  b e  a b l e  t o  i d e n t i f y  t h e i r  o b l i g a t i o n s  f o r  i n s t a l l a -  
t i o n .  

Design Survey 

General  

Design s u r v e y s  a r e  t h o s e  r e q u i r e d  f o r  p r e p a r a t i o n  of c o n s t r u c t i o n  p l a n s  and 
s p e c i f i c a t i o n s .  

T h i s  t y p e  of su rvey  i s  i n d i c a t e d :  

1. A f t e r  the reconna issance  a n d / o r  p r e l i m i n a r y  surveys  have se rved  t h e i r  
purposes  and t h e  owner o r  group h a s  made t h e  n e c e s s a r y  f i n a n c i a l  and 
rights-of-way arrangements  t o  proceed w i t h  t h e  p r o j e c t ,  and f u r t h e r  
d e t a i l e d  surveys  and i n v e s t i g a t i o n s  a r e  needed t o  p r e p a r e  c o n s t r u c t i o n  
p l a n s  and s p e c i f i c a t i o n s .  

2.  For an  i n d i v i d u a l  fa rmer  o r  s m a l l  group i n  an  a r e a  where S e r v i c e  exper i -  
ence  i n  s i m i l a r  t y p e s  of work has  p r e v i o u s l y  been o b t a i n e d  and t h e r e  i s  
no q u e s t i o n  a s  t o  p r o j e c t  f e a s i b i l i t y  o r  t h e  w i l l i n g n e s s  and a b i l i t y  of 
t h e  owners t o  o b t a i n  rights-of-way and f i n a n c e  t h e  work. 



P r i o r  t o  c o n s t r u c t i o n  of any d r a i n a g e  p r o j e c t ,  s u r v e y s  and i n v e s t i g a t i o n s  should 
b e  made which show e x i s t i n g  topography, s t r u c t u r e s ,  s o i l ,  ground w a t e r  and hydro- 
l o g i c  d a t a  needed f o r  d e t a i l e d  l o c a t i o n  and d e s i g n  of a l l  f e a t u r e s  t o  b e  inc luded  
i n  t h e  p r o j e c t .  Maximum u s e  should b e  made of d a t a  o b t a i n e d  i n  p r i o r  surveys.  
A d d i t i o n a l  d a t a  w i l l  u s u a l l y  b e  needed t o  p r e p a r e  t h e  n e c e s s a r y  p l a n s  and esti- 
mates .  For  many s m a l l  jobs  t h e  d e s i g n  survey  may b e  t h e  f i r s t  and on ly  survey  
t o  b e  made. 

Data  r e q u i r e d  f o r  d e s i g n  

Data  on hand should b e  e v a l u a t e d  and a  d e t e r m i n a t i o n  made a s  t o  t h e  amount of 
a d d i t i o n a l  d a t a  needed f o r  c o n s t r u c t i o n  d e s i g n .  Depending on t h e  age  of e x i s t i n g  
d a t a  i t  may b e  n e c e s s a r y  t o  make a  random f i e l d  check t o  v e r i f y  i t .  For complex 
o r  unusua l  jobs  it u s u a l l y  is  n e c e s s a r y  t o  p r e p a r e  a  survey  o u t l i n e  a s  a  gu ide  
t o  o b t a i n i n g  a d d i t i o n a l  in format ion .  The f o l l o w i n g  l i s t  c o v e r s  t h e  d a t a  u s u a l l y  
r e q u i r e d  f o r  d e s i g n .  Some of t h i s  u s u a l l y  w i l l  b e  a v a i l a b l e  from p r e v i o u s  inves-  
t i g a t i o n s .  T h i s  may b e  adapted t o  l o c a l  c o n d i t i o n s  and a  s t a n d a r d  o p e r a t i n g  pro- 
cedure  (SOP) developed f o r  o b t a i n i n g  i t .  

1. D e l i n e a t e  t h e  problem a r e a .  Use s o i l s  map, supplemented by deeper  bor- 
i n g s ,  f i e l d  o b s e r v a t i o n s  and d i s c u s s i o n  w i t h  owners. Examine wate r  t a b l e  
r e c o r d s  f o r  f l u c t u a t i o n s ,  i f  a v a i l a b l e ,  and where s u b s u r f a c e  d r a i n a g e  is  
needed de te rmine  i f  t h e  problem a r e a  h a s  been a d e q u a t e l y  d e f i n e d .  

2 .  For l a r g e  p r o j e c t s  ground w a t e r  o r  p i e z o m e t r i c  con tour  maps should b e  
made t o  show s e a s o n a l  changes.  

3. Determine e x t e n t ,  f requency ,  and s e a s o n a l  f l o o d i n g  of t h e  problem a r e a  
and i f  t h e  o u t l e t  is  adequa te .  

4 .  Determine l a n d  u s e  and c rop  requ i rements  f o r  d r a i n a g e  and any proposed 
changes i n  cropping p a t t e r n .  ( A t  t h i s  s t a g e  of p r o j e c t  development 
a l l  o b j e c t i v e s  t o  b e  o b t a i n e d  through d r a i n a g e  should have been d e f i n e d . )  

5. Obta in  topography of t h e  problem a r e a ,  and s e l e c t  t h e  l o c a t i o n  of a l l  
mains and l a t e r a l s ,  i n t e r c e p t o r  d r a i n s ,  r e l i e f  d r a i n s ,  and p i p e l i n e s  t o  
accomplish p r o j e c t  o b j e c t i v e s .  

6 .  D e l i n e a t e  d r a i n a g e  a r e a s  of a l l  mains and l a t e r a l s  (open d i t c h e s )  and 
a l l  s u b s u r f a c e  d r a i n s ,  which a r e  a  p a r t  of t h e  p r o j e c t .  

7 .  Survey and p l o t  p r o f i l e s  and c r o s s  s e c t i o n s ,  adequa te  f o r  d e s i g n  and 
e s t i m a t i o n  of q u a n t i t i e s .  

8. Make g e o l o g i c  and ground w a t e r  i n v e s t i g a t i o n s  and obtaip .  r e q u i r e d  t e s t i n g  
t o  de te rmine  channe l  s t a b i l i t y  where n e c e s s a r y .  SCS Technica l  Re lease  
No. 25, "Planning and Design of Open Channels, ' '  c o n t a i n s  g u i d e l i n e s  f o r  
t h i s .  P l o t  g e o l o g i c  ground w a t e r  and test d a t a  on t h e  p r o f i l e s  and c r o s s  
s e c t i o n s  where a p p l i c a b l e .  

9 .  I n  a d d i t i o n  t o  i t ems  i n  5 above, de te rmine  a l l  o t h e r  improvements needed,  
such  a s  b r i d g e s ,  c u l v e r t s ,  g r a d e  c o n t r o l  s t r u c t u r e s ,  s u r f a c e  wate r  i n l e t s  
t o  b u r i e d  d r a i n s  o r  t o  open d i t c h e s ,  d i k e s ,  f l o o d g a t e s ,  pumping f a c i l i -  
t i e s ,  and a l l  o t h e r  s t r u c t u r e s  and appur tenan t  f a c i l i t i e s  t o  f u l l y  m e e t  
t h e  p r o j e c t  o b j e c t i v e s .  Obta in  n e c e s s a r y  i n f o r m a t i o n  f o r  h y d r u a l i c ,  
founda t ion  and s t r u c t u r a l  d e s i g n  of each f e a t u r e .  



10.  Develop cons t ruc t i on  s p e c i f i c a t i o n s  f o r  a l l  i tems of work included i n  
t h e  p lan .  (Use s tandard  s p e c i f i c a t i o n s  where app l i cab l e . )  

11. Est imate  needs and approximate c o s t s  of on-farm f a c i l i t i e s  - n o t  included 
i n  t h e  p r o j e c t  improvements - such a s  l and  grad ing ,  land smoothing, 
d ra inage  f i e l d  d i t c h e s ,  bu r i ed  d r a i n s ,  pumps, and o t h e r  d r a inage  s t r u c t -  
u r e s .  

12. Es t imate  q u a n t i t i e s  and c o s t s  f o r  a l l  f e a t u r e s  of t h e  p r o j e c t .  

I n v e s t i g a t i o n s  f o r  Sur face  Drainage 

As p rev ious ly  d i scussed ,  t h e  engineer  r e spons ib l e  f o r  de s ign  of a  p r o j e c t  must 
dec ide  t h e  kind and i n t e n s i t y  of surveys  and i n v e s t i g a t i o n s  which a r e  needed f o r  
planning,  de s ign ,  and eva lua t i on  of t h e  project: which w i l l  meet t h e  o b j e c t i v e s  
of t h e  owners. Where needed, an  o u t l i n e  should b e  developed which l i s t s  i n  d e t a i l  
t h e  f a c t o r s  t o  be considered,  and t h e  kind and i n t e n s i t y  of surveys and inves t iga-  
t i o n s  t o  be made. The kind of i n v e s t i g a t i o n s  needed f o r  s u r f a c e  and subsur face  
dra inage  a r e  d i f f e r e n t  and w i l l  vary  i n  d i f f e r e n t  p a r t s  of t h e  country.  

I n  some a r e a s  t h e  main problem w i l l  be s u r f a c e  d r a inage ,  and i n  o t h e r  a r e a s  - 
subsur face  dra inage .  I n  most s i t u a t i o n s ,  however, where dra inage  is a problem, 
i t  is  necessary  t o  i n v e s t i g a t e  bo th  s u r f a c e  and subsur face  cond i t i ons .  I nves t i -  
g a t i o n s  r equ i r ed  f o r  each type  must be  determined by t h e  r e spons ib l e  engineer  and 
t h e  survey planned accord ingly .  

General 

Surveys and i n v e s t i g a t i o n s  u s u a l l y  r equ i r ed  f o r  planning and des ign  of su r f ace  
dra inage  improvements a r e :  

1. Topographic surveys.  

2 .  S o i l  surveys and d e l i n e a t i o n  of c r i t i c a l  e ro s ion  a r e a s .  

3. Determinat ion of land use  and cropping p a t t e r n .  

4 .  P r e c i p i t a t i o n  and runoff  i n v e s t i g a t i o n s .  

5 .  Stage-frequency i n v e s t i g a t i o n  of h igh  water  i n  o u t l e t s ,  inc lud ing  t i d a l  
and l a k e  l e v e l  f l u c t u a t i o n s  where t he se  a r e  involved.  

6. P r o f i l e s  and c r o s s  s e c t i o n s  of e x i s t i n g  s t reams and d i t c h e s .  

7 .  Geologic i n v e s t i g a t i o n s  and requi red  t e s t i n g  f o r  channel s t a b i l i t y ,  
where needed. 

When prepar ing  an o u t l i n e  f o r  a  p a r t i c u l a r  survey t h e  needs f o r  f u t u r e  more 
i n t e n s i v e  surveys  should be kept  i n  mind. Qui te  o f t e n  a  l i t t l e  e x t r a  work on a 
pre l iminary  survey w i l l  save a  l o t  of t ime l a t e r  when making t he  de s ign  survey.  
S e t t i n g  temporary benchmarks f o r  f u t u r e  u se ,  and t o  t h e  degree of accuracy 
r equ i r ed  f o r  cons t ruc t i on  des ign ,  i s  an example of t h i n g s  which can b e  done when 
making pre l iminary  surveys t h a t  w i l l  save time and expense l a t e r .  

V e r t i c a l  c o n t r o l  

The survey f o r  s u r f a c e  topography r e q u i r e s  a c c u r a t e  d i f f e r e n t i a l  l e v e l i n g .  A 
high  degree  of accuracy is r equ i r ed  because g r a d i e n t s  a r e  u sua l l y  q u i t e  low and 



smal l  d i f f e r e n c e s  i n  e l e v a t i o n  a r e  impor tan t .  Usua l l y , a  system of temporary 
benchmarks is e s t a b l i s h e d  over  t h e  problem a r e a  a s  t h e  f i r s t  s t e p  i n  ob t a in ing  
topographic and o t h e r  d a t a  based on d i f f e r e n c e s  i n  e l e v a t i o n .  Survey o u t l i n e s  
and s t anda rd  ope ra t i ng  procedures  should s p e c i f y  t h e  accuracy t o  which e l e v a t i o n s  
of temporary benchmarks (TBM's) should b e  checked. TBM's e s t a b l i s h e d  dur ing  t h e  
pre l iminary  survey should b e  numbered and i d e n t i f i e d  s o  they  can b e  used i n  
making t h e  des ign  and cons t ruc t i on  l ayou t  surveys .  Where a  Coast and Geodetic 
Survey o r  Corps of Engineers  benchmark is  a v a i l a b l e  w i t h i n  a  reasonable  d i s t a n c e  
from t h e  problem a r e a ,  v e r t i c a l  c o n t r o l  should be  based on t h e  datum of t h e  
benchmark. I n  l a r g e  watersheds i t  is  h e l p f u l  t o  prepare  l o c a t i o n  maps of e s i s t i n g  
benchmarks. This  may be  done on an  e x i s t i n g  county highway o r  s i m i l a r  type  map. 
Addi t iona l  benchmarks and temporary benchmarks should then  b e  e s t a b l i s h e d  a t  
convenient  l o c a t i o n s  over  t h e  p r o j e c t  a r e a .  

Topography 

Information on t h e  topography of t h e  d r a inage  problem a r e a  is  e s s e n t i a l .  The 
topographic map should show a l l  phys i ca l  f e a t u r e s ,  bo th  n a t u r a l  and man made, 
which a f f e c t  des ign  of t h e  dra inage  system. It should be i n  t h e  d e t a i l  necessary  
t o  l o c a t e  e x i s t i n g  drainageways and t h e  d r a inage  a r e a  boundaries .  The d e t a i l  of 
t h e  topographic in format ion  r equ i r ed  f o r  planning and des ign  of group e n t e r p r i s e s  
and t h a t  r equ i r ed  f o r  on-farm f i e l d  d r a inage  is q u i t e  d i f f e r e n t .  Minor d i f f e r -  
ences i n  e l e v a t i o n  w i t h i n  a  f i e l d  a r e  n o t  important  t o  planning o r  des ign  of 
d i t c h e s  which a r e  t o  s e r v e  a  l a r g e r  a r e a .  These minor d i f f e r e n c e s  a r e  impor tan t ,  
however, t o  t h e  de s ign  of t h e  f i e l d  d r a inage  system, which may inc lude  land 
grad ing ,  f i e l d  d i t c h e s ,  row d i r e c t i o n ,  e t c .  Good judgment is  needed t o  determine 
t h e  e x t e n t  of topographic  d a t a  needed f o r  a  p a r t i c u l a r  purpose,  and contour maps 
developed which w i l l  show t h e  d e t a i l  r equ i r ed  f o r  development of t h e  plan.  The 
f l a t t e r  t h e  topography i s ,  t h e  sma l l e r  t h e  contour  i n t e r v a l  should be. These 
maps should be  supplemented when necessary  by s p o t  e l e v a t i o n s  of i s o l a t e d  c r i t i c a l  
p o i n t s ,  when t h e s e  a r e  ev ident  and w i l l  f a l l  between contour  i n t e r v a l s .  

I n  a d d i t i o n  t o  s u r f a c e  contours ,  t h e  l o c a t i o n  of d i t c h e s ,  roads ,  r a i l r o a d s ,  pipe- 
l i n e s ,  o t h e r  u t i l i t y  l i n e s ,  farm boundar ies ,  land use ,  s e c t i o n  l i n e s ,  boundaries  
of d r a inage  e n t e r p r i s e s ,  and o t h e r  f e a t u r e s ,  which may a f f e c t  t h e  p l an  f o r  
improvement, should b e  shown on t h e  map. Quadrangle maps of t h e  U .  S. Geological  
Survey, Bureau of Reclamation, o r  Corps of Engineers  w i l l  g ive  a g r e a t  d e a l  of 
t h i s  in format ion .  I t  u s u a l l y  i s  necessary  t o  supplement t h i s  d a t a  w i th  informa- 
t i o n  from a e r i a l  photographs and f i e l d  surveys .  

F i e l d  surveys  a r e  made i n  var ious  ways according t o  customs of t h e  engineer ,  
equipment a v a i l a b l e ,  and d e t a i l  r equ i r ed .  The p l ane t ab l e  w i th  t e l e s c o p i c  a l i d a d e  
is  e x c e l l e n t  f o r  ob t a in ing  d e t a i l e d  topography. T r a n s i t  surveys f o r  bo th  ho r i -  
z o n t a l  and v e r t i c a l  c o n t r o l  a r e  used i n  many ca se s .  A common method of ob t a in ing  
topographic d a t a  is  t o  use  a e r i a l  photographs f o r  h o r i z o n t a l  c o n t r o l  and an 
eng inee r s '  l e v e l  t o  o b t a i n  e l e v a t i o n s .  

Chapter 1, Engineering Surveys, of SCS Engineering F i e l d  Manual f o r  Conservat ion 
P r a c t i c e s  is  a good manual on surveying.  It should b e  consul ted  f o r  guidance on 
p r a c t i c e s  and procedures .  Standard notekeeping procedures ,  and requirements  f o r  
accuracy,  c l a r i t y ,  and i d e n t i f i c a t i o n  should b e  followed. Survey d a t a  should be 
recorded and f i l e d  i n  a  way which w i l l  f a c i l i t a t e  i t s  use  i n  subsequent surveys  - 
a s  w e l l  a s  f o r  t h e  one being made. Notekeeping procedures  s p e c i f i e d  i n  Engineer- 
i ng  Memorandum SCS 39 should b e  fol lowed.  



S o i l s  i n v e s t i e a t i o n s  

The b e s t  s o i l s  map a v a i l a b l e  should be  used i n  d r a inage  i n v e s t i g a t i o n s .  For 
s u r f a c e  d r a inage  t h e  s tandard  s o i l  survey u s u a l l y  i s  adequate  f o r  planning pur- 
poses.  It w i l l  be  necessary t o  o b t a i n  l ogs  from some deeper bor ings  t o  determine 
s o i l  s t a b i l i t y ,  permeabi l i ty ,  and b a r r i e r s  which would a f f e c t  channel cons t ruc t i on .  
I n  some a r e a s  logs  from deeper  bo r ings  a r e  necessary  t o  o b t a i n  depths  and types 
of compressible  organic  s o i l s .  For l a r g e  complex jobs  use  t h e  i n v e s t i g a t i o n  
procedures  of NEN-8, Engineering Geology. 

S o i l  c l a s s i f i c a t i o n  
Standard s o i l  surveys use  t h e  USDA Comprehensive S o i l  C l a s s i f i c a t i o n  System. S o i l  
t e x t u r e  i s  recorded f o r  every hor izon .  Conservat ion planning and de te rmina t ion  
of s u r f a c e  d r a inage  needs a r e  based on t h i s  c l a s s i f i c a t i o n .  

I n  SCS cons t ruc t i on  ope ra t i ons ,  however, t h e  Unif ied S o i l  C l a s s i f i c a t i o n  System 
is  used. This  is descr ibed  i n  ASTM Designat ions D 2487 and D 2488. Use of t h e  
two systems of s o i l  c l a s s i f i c a t i o n  r e q u i r e s  engineers  and o t h e r  t e c h n i c a l  person- 
n e l  who work w i t h  bo th  planning and cons t ruc t i on  t o  l e a r n  bo th  systems and t h e  
a r e a s  where each is app l i cab l e .  For example, on a s u r f a c e  dra inage  job t h e  
s tandard  s o i l  survey wi th  USDA t e x t u r a l  c l a s s i f i c a t i o n  i s  used t o  d e s c r i b e  s o i l  
p r o f i l e s  t o  sha l low depths .  The Uni f ied  S o i l  C l a s s i f i c a t i o n  i s  used f o r  deep 
borings.  Each system has c h a r a c t e r i s t i c s  which make i t  adaptab le  and u s e f u l  f o r  
i t s  p a r t i c u l a r  purpose. 

S o i l  surveys 
The s tandard  s o i l  survey u s u a l l y  is  a v a i l a b l e  f o r  de s ign  surveys b u t  f o r  some 
pre l iminary  surveys  a  l e s s  d e t a i l e d  survey may s u f f i c e  a f t e r  f i e l d  checking s i t e  
condi t ions .  

Information on t h e  s o i l s  map w i l l  i n d i c a t e  those  a r e a s  which have inadequate  
dra inage  and t h e  degree of inadequacy and which r e q u i r e  fo l low up i n v e s t i g a t i o n s .  

I n v e s t i g a t i o n s  f o r  channel s t a b i l i t y  
The s tandard  soi l .  survey u s u a l l y  w i l l  f u r n i s h  in format ion  on s o i l  s t a b i l i t y  ade- 
qua t e  f o r  de s ign  of d i t c h e s  f o u r  f e e t  deep o r  l e s s .  For deeper  d i t c h e s ,  and some 
s o i l  cond i t i ons ,  more d e t a i l e d  in format ion  i s  needed on s o i l  s t r a t a  t o  a  depth 
below planned excavat ion of about one-half t h e  proposed depth of d i t c h .  This  must 
be  ob ta ined  from t e s t  ho l e s  along t h e  r o u t e  of t h e  proposed d i t c h .  The Unif ied 
S o i l  C l a s s i f i c a t i o n  System should be  used f o r  i d e n t i f i c a t i o n  of m a t e r i a l  obtained 
from the  t e s t  ho l e s .  Tes t  ho l e s  should be  dug, d r i l l e d ,  o r  bored i n i t i a l l y  a t  
500-foot i n t e r v a l s ,  and i f  c o r r e l a t i o n  of m a t e r i a l  from ho l e s  is  good, t h e  spacing 
may be  extended. I f  c o r r e l a t i o n  i s  poor ,  t h e  i n t e r v a l  between ho l e s  should be 
decreased.  The survey o u t l i n e  should s p e c i f y  t h e  i n i t i a l  spacing and depth f o r  
ob t a in ing  s o i l  l ogs .  Knowledge of t h e  complexity of geo logic  and s o i l s  d i s t r i -  
bu t i on  i n  t h e  a r e a  is h e l p f u l  i n  determining t h e  amount of subsur face  i nves t i ga -  
t i o n  r equ i r ed .  

Data is needed on s o i l  m a t e r i a l s  t o  determine des ign  requirements  f o r  channel 
s t a b i l i t y .  Observat ions and records  of s i d e  s l opes  and s t a b i l i t y  of e x i s t i n g  
channels  i n  s i m i l a r  s o i l s  i n  t h e  same a r e a  provide gu ides  f o r  determining t h e  
l i m i t s  f o r  s i d e  s l opes  and v e l o c i t i e s  f o r  des ign  purposes.  The depth t o  a  water  
t a b l e  encountered i n  t e s t  ho l e s  should be  determined and a r e a s  of uns t ab l e  s o i l s  
where t h e  water  t a b l e  w i l l  b e  above t h e  bottom of t h e  proposed d i t c h  should b e  
Located, a s  t h i s  w i l l  cause s loughing and o t h e r  cons t ruc t i on  problems. B a r r i e r s  
of s h a l e  o r  rock which would n o t  c l a s s i f y  a s  common excava t ion  t o  t h e  requi red  
depth of channel  should be  l oca t ed  and i d e n t i f i e d .  Resu l t s  should b e  shown on 
t h e  channel  p r o f i l e  shee t .  



Land use  and cropping p a t t e r n  

Land use  can o r d i n a r i l y  b e  ob ta ined  from r e c e n t l y  made a e r i a l  photographs. It 
may be  necessary  t o  check t h i s  i n  t h e  f i e l d .  The cropping p a t t e r n  on c u l t i v a t e d  
land is needed t o  s e l e c t  proper  r a t e s  of d r a inage  and t o  make t h e  economic 
eva lua t i on .  Data i s  needed f o r  cond i t i ons  p r i o r  t o  improvements and f o r  proposed 
changes a f t e r  p r o j e c t  i n s t a l l a t i o n .  This  in format ion  can b e  ob ta ined  from 
i n d i v i d u a l  landowners. 

P r e c i p i t a t i o n ,  r uno f f ,  and s tream s t a g e  records  

Most of t h e  a v a i l a b l e  d a t a  on p r e c i p i t a t i o n  i s  publ ished by t h e  Nat iona l  Weather 
Se rv i ce ,  and t h a t  f o r  s t ream s t a g e s  and d i s cha rge  by t h e  Geological  Survey. 
Records p e r t a i n i n g  t o  t h e  a r e a  involved should b e  a v a i l a b l e  f o r  use.  This  
in format ion  i s  needed t o  determine f looding  cond i t i ons  i n  t h e  p r o j e c t  a r e a ,  
c a p a c i t i e s  of e x i s t i n g  s t reams,  and adequacy of o u t l e t s  f o r  d ra inage  improvements. 
I n  a r e a s  where dra inage  c o e f f i c i e n t s  o r  pumping requirements  have no t  been es tab-  
l i s h e d  t h e  hydro logic  f a c t o r s  w i l l  b e  needed t o  he lp  e s t a b l i s h  them, 

Locat ion of mains and l a t e r a l s  

P r i o r  t o  running l e v e l s  f o r  p r o f i l e s  and c r o s s  s e c t i o n s  t h e  main d i t c h e s  and 
l a t e r a l s  t o  b e  inc luded  i n  t h e  p l an  should be  l oca t ed  on a e r i a l  photographs o r  
topographic maps of t h e  p r o j e c t .  Each should b e  i d e n t i f i e d  i n  such a  manner 
t h a t  i t  can be  e a s i l y  r e f e r r e d  t o  and l o c a t e d .  It is d e s i r a b l e  f o r  l a t e r a l s  t o  
be  des igna ted  i n  a  manner which w i l l  i d e n t i f y  them wi th  t h e i r  o u t l e t s .  One way 
t o  i d e n t i f y  main d i t c h e s  by Roman numerals and l a t e r a l s  which empty i n t o  them 
by t h i s  numeral fol lowed by a  c a p i t a l  l e t t e r .  For i n s t ance ,  t h e  f i r s t  l a t e r a l  
above t h e  o u t l e t  of Main No. I would be  L a t e r a l  I A ;  and t h e  second l a t e r a l  would 
b e  I B .  This  could b e  extended on t o  t h e  s u b l a t e r a l s  by going i n t o  a r a b i c  numerals 
and lower ca se  l e t t e r s .  Stream names should b e  used a l s o ,  where t h e  l o c a l  name 
is known. Thus : 

Main No. I., Cypress Bayou 
L a t e r a l  No. I A ,  Muddy Slough 

L a t e r a l  No. IA1 
L a t e r a l  No. IA2 

L a t e r a l  No. IA2a 
L a t e r a l  No. I B ,  Hickory Draw 

L a t e r a l  No. I B 1  
L a t e r a l  No. IBla 
L a t e r a l  No. IBlb 

e t c .  

Locat ion of d i t c h e s  may be  made from informat ion  on topographic maps o r  a e r i a l  
photographs a s  supplemented wi th  in format ion  obta ined  by f i e l d  observa t ion  and 
p rope r ty  ownership maps. Cons idera t ions  which govern t h e  l o c a t i o n  and proper  
alignment of d i t c h e s  appear  i n  Chapter 5. Good alignment of mains and l a t e r a l s  
i s  most important .  A l o t  of thought and e f f o r t  is f u l l y  j u s t i f i e d  i n  o rde r  t o  
o b t a i n  t h e  b e s t  a l ignment  p o s s i b l e  f o r  t h e  p a r t i c u l a r  s i t e  cond i t i ons .  Af t e r  
t e n t a t i v e  l o c a t i o n s  of main d i t c h e s  and l a t e r a l s  have been drawn on t h e  photo- 
graph o r  map - o f t e n  c a l l e d  "paper l oca t i ons"  - c e n t e r l i n e s  a r e  l oca t ed  on t h e  
ground. I f  a c t u a l  f i e l d  l o c a t i o n  i s  d i f f e r e n t  from t h e  t e n t a t i v e  map l o c a t i o n ,  
t h e  map l o c a t i o n  should b e  changed t o  correspond wi th  f i e l d  l o c a t i o n .  The 
c e n t e r l i n e  on t h e  map is  s c a l e d ,  and s t a t i o n s  a r e  marked f o r  f u t u r e  use.  When 
improving t h e  alignment of d i t c h e s ,  c a r e  should be  taken  t h a t  t h e  hyd rau l i c  grade  
l i n e  is no t  increased  t o  t h e  ex t en t  t h a t  t h e  r e s u l t i n g  v e l o c i t y  w i l l  cause a  



s t a b i l i t y  problem i n  t h e  d i t c h .  When making des ign  surveys i n  many l o c a t i o n s  i t  
is  necessary  t o  use  a  t r a n s i t  o r  compass t o  e s t a b l i s h  t h e  c e n t e r l i n e  of d i t c h e s .  
The c e n t e r l i n e  i s  s taked  a t  i n t e r v a l s  of 100 f e e t  o r  g r e a t e r ,  depending upon the  
r e g u l a r i t y  of t h e  ground s u r f a c e  and t h e  alignment of t h e  d i t c h .  This  may r e q u i r e  
use  of an o f f s e t  l i n e  i f  t h e  proposed c e n t e r l i n e  is  i n a c c e s s i b l e  o r  v i s i o n  is  
obscured by t r e e s  o r  brush.  Where t h e  l o c a t i o n  is open and is  no t  r i g i d l y  f i xed  
by easement o r  o t h e r  l e g a l  d e s c r i p t i o n ,  t h e  engineer  can  s t a k e  ou t  t h e  c e n t e r l i n e  
reasonably  c l o s e  wi th  t he  use  of range po l e s .  This  method o f t e n  g i v e s  a s u f f i -  
c i e n t l y  a c c u r a t e  alignment.  

See Chapter 5 f o r  recommendations a s  t o  use  of s imple curves  and minimum r a d i i  
i n  e s t a b l i s h i n g  alignment f o r  mains and l a t e r a l s .  

Simple curves  may be l oca t ed  w i th  a  t r a n s i t  and t a p e  o r  w i th  on ly  a t a p e .  A high  
degree of accuracy i s  no t  r equ i r ed .  A f i e l d  manual conta in ing  t a b l e s  of f unc t i ons  
of a I-degree curve and formulas f o r  so lv ing  problems i n  f i e l d  l o c a t i o n  of curves 
w i l l  be h e l p f u l .  

Refer t o  Chapter 1, Engineering F i e ld  Manual f o r  Conservat ion P r a c t i c e s ,  f o r  
methods of s t a k i n g  curves .  

P r o f i l e s  and c ro s s  s e c t i o n s  

Before ob t a in ing  p r o f i l e s  and c r o s s  s e c t i o n s  of e x i s t i n g  s t reams and d i t c h e s  i n  
t h e  p r o j e c t ,  i t  is necessary t o  e s t a b l i s h  v e r t i c a l  c o n t r o l  over  t h e  problem a r e a  
by t he  network of temporary benchmarks descr ibed  under V e r t i c a l  c o n t r o l ,  page 2-13, 
The o u t l i n e  f o r  t h e  survey,  whether i t  is t o  be a pre l iminary  o r  de s ign  survey ,  
should s p e c i f y  t h e  manner i n  which t h e  p r o f i l e s  and c r o s s  s e c t i o n s  a r e  t o  be 
ob ta ined .  I n  some cases  i t  may b e  d e s i r a b l e  t o  run l i n e s  of l e v e l s  ad jacent  t o  
t h e  drainageways t o  be surveyed, t ak ing  p r o f i l e  read ings  and c r o s s  s e c t i o n s  a t  
predetermined i n t e r v a l s .  This  i s  u s u a l l y  done f o r  des ign  surveys and may be  
used f o r  p re l iminary  surveys.  For pre l iminary  surveys  i t  may be d e s i r a b l e  t o  run 
l i n e s  of d i f f e r e n t i a l  l e v e l s  a t  approximate r i g h t  ang l e s  t o  t h e  d i r e c t i o n  of 
d ra inage  and ac ros s  t he  problem a r e a ,  a t  predetermined spac ings ,  t ak ing  a  d i t c h  
c r o s s  s e c t i o n  wherever a  l i n e  of l e v e l s  c ro s se s  a  drainageway. I n  t h e  l a t t e r  
c a s e ,  maximum use  should be  made of e x i s t i n g  roads ,  r a i l r o a d s ,  and u t i l i t y  l i n e  
rights-of-way f o r  running l i n e s  of l e v e l s .  

The d i s t a n c e  between c r o s s  s e c t i o n s  on a p a r t i c u l a r  s t ream o r  d i t c h  w i l l  b e  
governed by t h e  type of survey and t h e  un i formi ty  of t h e  drainageway. I n  making 
a reconnaissance ,  few c r o s s  s e c t i o n s  w i l l  be  needed. I n  pre l iminary  surveys t h e  
i n t e r v a l  between c r o s s  s e c t i o n s  may vary  from about 500 f e e t  t o  one m i l e ,  depend- 
i ng  on uni formi ty .  This  would be  i n  a d d i t i o n  t o  ob t a in ing  c r o s s  s e c t i o n s  a t  a l l  
e x i s t i n g  b r idges ,  s i d e  channels ,  e t c .  

I n  des ign  surveys ,  p r o f i l e  read ings  and c r o s s  s e c t i o n s  a r e  taken a t  i n t e r v a l s  of 
100 t o  1,000 f e e t  a long t he  e s t a b l i s h e d  l o c a t i o n ,  depending on t h e  topography. 
Cross s e c t i o n s  should be taken a t  topographic b r eaks  i n  o rde r  t o  o b t a i n  accu ra t e  
yardage. Where e x i s t i n g  d i t c h e s ,  n a t u r a l  s t reams,  o r  depress ions  occur ,  p r o f i l e  
read ings  should be taken on normal ground along t he  low s i d e  of t h e  d i t c h .  Cross 
s e c t i o n s  should extend f a r  enough on e i t h e r  s i d e  of c e n t e r l i n e  t o  r e v e a l  t he  f i e l d  
e l e v a t i o n  and changes i n  topography having a  bear ing  upon t h e  des ign ,  construc-  
t i o n ,  and func t i on  of the  proposed d i t c h .  Low a r e a s ,  important  and l a r g e  enough 
t o  be c o n t r o l  p o i n t s ,  should be  l oca t ed  and t h e i r  e l e v a t i o n  and approximate a r e a s  
ob ta ined .  Good judgment i s  necessary  t o  o b t a i n  s u f f i c i e n t  c ro s s  s e c t i o n s  t o  meet 
s tandards  of accuracy f o r  yardage de te rmina t ion  wi thout  doing an excess ive  amount 
of surveying.  



When o b t a i n i n g  p r o f i l e s  and c r o s s  s e c t i o n s ,  s u r v e y s  should o r i g i n a t e  and termi-  
n a t e  on temporary o r  permanent benchmarks of known e l e v a t i o n .  A d d i t i o n a l  TBM's 
should b e  set a s  needed, and l o c a t e d  s o  as n o t  t o  b e  d e s t r o y e d  by c l e a r i n g  
o p e r a t i o n s .  Turns should  b e  made through a l l  TBM's. 

Recommendations f o r  a d d i t i o n a l  i n f o r m a t i o n  and c o n s t r u c t i o n  requ i rements  

A s  s u r v e y s  a r e  made f o r  t h e  s p e c i f i c  i t e m s  l i s t e d ,  n o t e s  should b e  k e p t  of any 
f e a t u r e  which w i l l  a f f e c t  d e s i g n  o r  c o n s t r u c t i o n .  Roughness c o e f f i c i e n t s  of 
e x i s t i n g  c h a n n e l s ,  which could p o s s i b l y  b e  used,  should b e  noted.  C l e a r i n g  and 
grubbing r e q u i r e d  should  b e  l o c a t e d  and i d e n t i f i e d .  P i p e l i n e s ,  o t h e r  u t i l i t y  
l i n e s ,  f e n c e s ,  a c c e s s  r o a d s ,  s t a b i l i t y  of e x i s t i n g  d i t c h e s ,  e t c .  a r e  i t e m s  which 
w i l l  have a  b e a r i n g  on d e s i g n  and c o n s t r u c t i o n ,  and may have a  s i g n i f i c a n t  e f f e c t  
on economic f e a s i b i l i t y  of t h e  p r o j e c t .  

The s i z e  and adequacy of e x i s t i n g  b r i d g e s  and c u l v e r t s  should b e  determined.  
The s t r u c t u r e  should  b e  d e s c r i b e d  and e l e v a t i o n s  o b t a i n e d  of t h e  i n v e r t s  of 
c u l v e r t s ,  bottom of s t r i n g e r s  of b r i d g e s ,  and road s u r f a c e s .  The c o n d i t i o n  of 
t h e  s u p e r - s t r u c t u r e ,  founda t ion ,  p i e r s ,  p i l i n g ,  abutments and f o o t i n g s  should 
b e  determined where a p p l i c a b l e .  

When b u i l d i n g s  a r e  l o c a t e d  w i t h i n  t h e  a r e a  which may b e  a f f e c t e d  by c o n s t r u c t i o n  
of t h e  p r o j e c t ,  t h e i r  l o c a t i o n  should b e  a c c u r a t e l y  e s t a b l i s h e d ,  and t h e  s t r u c -  
t u r a l  s t a b i l i t y  of t h e  b u i l d i n g  and its f o u n d a t i o n  determined.  

Recommendations f o r  a l l  s p e c i f i c  p r a c t i c e s  and f e a t u r e s  needed t o  p rov ide  a  
comple te ly  adequa te  d r a i n a g e  system should b e  passed on from t h e  f i e l d  survey 
p a r t y  t o  t h e  d e s i g n  e n g i n e e r .  The surveys  and i n v e s t i g a t i o n s  a r e  adequate  o n l y  
i f  t h e  f i e l d  e n g i n e e r  o b t a i n s  t h e  i n f o r m a t i o n  r e q u i r e d  t o  d e s i g n  a l l  f e a t u r e s  
needed. Wherever p o s s i b l e  t h e  d e s i g n  e n g i n e e r  should make a  p e r s o n a l  recon- 
n a i s s a n c e  of s i t e  c o n d i t i o n s .  

I n v e s t i g a t i o n s  f o r  Subsur face  Dra inage  

C e r t a i n  i n v e s t i g a t i o n s  a r e  r e q u i r e d  f o r  a l l  d r a i n a g e  p r o j e c t s .  These i n c l u d e  
mapping t h e  topography,  s o i l s ,  p r e s e n t  l a n d  u s e  and cropping p a t t e r n ;  s tudy  of 
p r e c i p i t a t i o n ,  e v a p o t r a n s p i r a t i o n ,  r u n o f f ,  and s t reamflow r e c o r d s  p e r t i n e n t  t o  
t h e  a r e a ;  and making p r o f i l e ,  c r o s s  s e c t i o n ,  and s o i l  p r o f i l e  i n v e s t i g a t i o n s  f o r  
open d i t c h e s .  Geologic  and ground wate r  i n v e s t i g a t i o n s  a r e  made a s  needed. 
Techniques f o r  making t h e s e  i n v e s t i g a t i o n s  a r e  d i s c u s s e d  i n  t h i s  Chapter  under  
" I n v e s t i g a t i o n s  f o r  S u r f a c e  Drainage,"  and i n  NEH S e c t i o n  8,  Engineer ing  Geology. 
These methods of i n v e s t i g a t i o n  a r e  a p p l i c a b l e  t o  a l l  p a r t s  of t h e  count ry  and t o  
i r r i g a t e d  a r e a s  a s  w e l l  a s  n o n - i r r i g a t e d  a r e a s .  

I n  a d d i t i o n  t o  t h e  i n v e s t i g a t i o n s  r e q u i r e d  f o r  a 1 1  d r a i n a g e  p r o j e c t s  t h e r e  a r e  
some which a r e  needed t o  f u r n i s h  i n f o r m a t i o n  on a r e a s  where p r e l i m i n a r y  i n v e s t i -  
g a t i o n s  have i n d i c a t e d  a need f o r  s u b s u r f a c e  d r a i n a g e .  I n v e s t i g a t i o n s  f o r  t h i s  
purpose a r e  covered i n  t h i s  s e c t i o n .  These d i f f e r  from t h o s e  f o r  s u r f a c e  d r a i n a g e ,  
as i t  is n e c e s s a r y  t o  o b t a i n  in format ion  on ground w a t e r ,  perched wate r  t a b l e s ,  
s a l i n i t y ,  and c o n d i t i o n s  below t h e  upper s o i l  h o r i z o n s  i n  a d d i t i o n  t o  most o f  
t h e  in format ion  p r e v i o u s l y  l i s t e d  a s  needed f o r  s u r f a c e  d r a i n a g e .  Ground w a t e r  
moves b o t h  h o r i z o n t a l l y  and v e r t i c a l l y  through t h e  s o i l  and s u b s u r f a c e  m a t e r i a l s ;  
t h e r e f o r e  i t  is n e c e s s a r y  t o  o b t a i n  i n f o r m a t i o n  on t h e  p e r m e a b i l i t i e s  o f  t h e s e  
m a t e r i a l s .  P e r m e a b i l i t i e s  v a r y  w i t h  t h e  t y p e  of s o i l  o r  s u b s u r f a c e  m a t e r i a l s  
and w i t h  t h e  s t r u c t u r e  and t h e  t e x t u r e .  There fore  i t  i s  n e c e s s a r y  t o  i n v e s t i g a t e  
t h e s e  t o  t h e  e x t e n t  t h a t  t h e y  have a n  i n f l u e n c e  on d r a i n a g e .  I n  summary, sub- 
s u r f a c e  d r a i n a g e  i n v e s t i g a t i o n s  i n v o l v e  most of t h e  i t e m s  p e r t i n e n t  t o  s u r f a c e  
d r a i n a g e  p l u s  more d e t a i l e d  in format ion  on s o i l ,  s u b s o i l  and ground wate r  c o n d i t i o n s .  



Addi t iona l  in format ion  may be  ob ta ined  from t h e  "Guide f o r  I n v e s t i g a t i o n  of 
Subsurface Drainage Problems on I r r i g a t e d  Lands" publ ished by t h e  American Soc ie ty  
of A g r i c u l t u r a l  Engineers ( 2 ) .  

General 

Objec t ives  of i n v e s t i g a t i o n s  f o r  subsur face  d r a inage  a r e :  

1. Inventory  of p r o j e c t  s i t e  cond i t i ons .  

2 .  Diagnosis  of t h e  causes of excess  ground water  and/or  s a l i n i t y .  

3 ;  Determinat ion of t he  a p p r o p r i a t e  remedial  measures. 

4.  Procurement of d a t a  r equ i r ed  f o r  e s t a b l i s h i n g  t h e  p a t t e r n ,  s i z e ,  depth 
and spac ing  of t h e  d r a i n s ,  o u t l e t  requi rements ,  and f o r  des ign  of such 
a u x i l i a r y  d i t c h e s ,  d ive r s ions  and appur tenant  s t r u c t u r e s  a s  a r e  needed. 

The u sua l  causes  of excess  wetness  i n  humid a r e a s  can o f t e n  be  assessed  i n  t h e  
reconnaissance  of t h e  p r o j e c t  and w i l l  u s u a l l y  conform t o  one of t h e  c a t e g o r i e s  
of s i t e  cond i t i ons  d i scussed  under "Subsurface-drainage problems" i n  Chapter 1. 
I n  some s i t u a t i o n s ,  p a r t i c u l a r l y  where rock outc rops  o r  a r t e s i a n  p r e s su re  a r e  
ev iden t  o r  su spec t ed ,  i n v e s t i g a t i o n s  t o  l o c a t e  t h e  source  of wetness and t o  
determine methods of c o r r e c t i o n  a r e  necessary.  

The ma jo r i t y  of subsur face  d r a inage  needed i n  t h e  a r i d  and semi-ar id reg ions  of 
t h e  United S t a t e s  i s  w i t h i n  i r r i g a t e d  a r e a s .  There is a c l o s e  r e l a t i o n s h i p  be- 
tween i r r i g a t i o n  and dra inage  i n  t h e s e  a r e a s .  The amount of d ra inage  water  t o  
be  removed by subsur face  d r a i n s  i s  r e l a t e d  t o  t h e  i r r i g a t i o n  water  app l i ed  and,  
t o  some e x t e n t ,  t h e  i r r i g a t i o n  methods p r ac t i ced .  The phys i ca l  in format ion  and 
d a t a  r equ i r ed  f o r  dra inage  i s  i n  p a r t  t h e  same a s  t h a t  r equ i r ed  f o r  i r r i g a t i o n .  
Data on pe rmeab i l i t y ,  consumptive use ,  water  q u a l i t y ,  s a l i n i t y ,  water  t a b l e  l e v e l s  
and s u r f a c e  topography a r e  needed f o r  bo th  t h e  p r a c t i c e s  of i r r i g a t i o n  and 
dra inage .  

Surveys and i n v e s t i g a t i o n s  r equ i r ed  

Surveys and i n v e s t i g a t i o n s  u s u a l l y  r equ i r ed  f o r  subsur face  dra inage  i nc lude  t h e  
fo l lowing  : 

Topographic surveys 

a .  De t a i l ed  topographic surveys 

b .  P a r t i a l  o r  s t r ip - topography 

S o i l s  i n v e s t i g a t i o n s  

a .  Standard s o i l  survey maps 

b .  Data on s a l i n i t y  and a l k a l i n i t y  

Subsurface exp lo ra t i ons  

a .  Logs of s o i l  and s u b s o i l  m a t e r i a l s  

b .  Hydraul ic  conduc t iv i t y  measurements 



Ground water  i n v e s t i g a t i o n s  

a .  P o s i t i o n  of t h e  water  t a b l e  r e l a t i v e  t o  t h e  ground s u r f a c e  

b .  F luc tua t i ons  i n  water  t a b l e  l e v e l s  

c .  S a l i n i t y  of ground water  

I r r i g a t i o n  p r a c t i c e s  and requirements .  

a .  Qual i ty  of i r r i g a t i o n  water  

b .  Frequency and type of i r r i g a t i o n  

c .  Amount of water  appl ied  each i r r i g a t i o n  

d .  Leaching requirement and deep p e r c o l a t i o n  l o s s  

e .  F i e l d  d i t c h  l o s s e s  

f .  Source of water  supply 

I n v e s t i g a t i o n  of  e x i s t i n g  subsur face  dra inage  systems 

A s h o r t  d i s cus s ion  of t h e  above l i s t e d  surveys and i n v e s t i g a t i o n s  is given i n  
t h e  fol lowing s e c t i o n s .  More d e t a i l s  can  b e  ob ta ined  from the  r e f e r ences  c i t e d .  

Topographic surveys  

Topographic surveys of vary ing  degrees of d e t a i l  a r e  normally requi red  f o r  bo th  
s u r f a c e  and subsur face  dra inage .  I n  t h e  c a s e  of subsur face  dra inage ,  topographic 
maps a r e  needed a s  a base  map t o  which ground water  and s o i l s  in format ion  can be  
r e f e r enced .  Information on ground water  l e v e l s  can b e  t i e d - i n  t o  t he  topographic 
survey ,  which w i l l  g i v e  a d i r e c t  r e l a t i o n  between s u r f a c e  e l e v a t i o n  and water- 
t a b l e  l e v e l s .  

Seep a r e a s  and v e g e t a t i o n  i n d i c a t i v e  of s ea sona l  o r  deep s e a t e d  sources  of seepage 
o r  prolonged high-water t a b l e  should be l oca t ed  on t h e  map. P a r t i c u l a r  a t t e n t i o n  
should b e  given t o  t h e  e l e v a t i o n  of c o n t r o l  p o i n t s  such a s  r i d g e s ,  k n o l l s ,  low 
pocke ts ,  n a t u r a l  drainageways, rock  ou t c rops ,  and o u t l e t  channels .  

Drainage i n v e s t i g a t i o n s  i n  i r r i g a t e d  a r e a s  and seep a r e a s  of non- i r r iga ted  l ands  
may r e q u i r e  complete topographic coverage. The amount of d e t a i l  requi red  w i l l  
va ry  w i th  t h e  complexity of t h e  s u r f a c e  r e l i e f .  Normally t h i s  d e t a i l  w i l l  need 
t o  b e  such t h a t  maps can be  prepared w i th  a contour  i n t e r v a l  i n  t h e  range of 
one t o  f i v e  f e e t .  P rov i s ions  should b e  made t o  t i e  i n  piezometers  and/or  obser- 
v a t i o n  w e l l s .  The i r  l o c a t i o n  and e l e v a t i o n  should b e  ob ta ined  along wi th  o t h e r  
topographic da t a .  

I n  a few ca se s ,  t h e  r equ i r ed  l o c a t i o n  of subsur face  d r a i n s  may b e  s o  apparent  
t h a t  d e t a i l e d  topographic coverage of t h e  e n t i r e  a r ea  under i n v e s t i g a t i o n  may 
no t  b e  necessary .  I n  t h e s e  cases  p a r t i a l  o r  s t r i p  topography along t h e  proposed 
rou t e s  of t h e  d r a i n  o r  d r a i n s  may be  adequate .  This  may be obta ined  through pro- 
f i l e  and c ro s s - s ec t i on  surveys ,  a long t h e  r o u t e s  of t h e  d r a i n s .  



S o i l s  i n v e s t i g a t i o n s  

Standard s o i l  surveys a r e  needed f o r  a l l  a r e a s  being planned f o r  subsur face  
dra inage .  These surveys a r e  c u r r e n t l y  a v a i l a b l e  i n  many a r e a s ,  b u t  i f  n o t ,  t h e  
b e s t  s o i l s  map a v a i l a b l e  should be  used. Addi t iona l  in format ion  is  u s u a l l y  
needed, however. S o i l  bor ings  t o  approximately one and one-half t imes t h e  
es t imated  depth of d r a i n  a r e  needed t o  determine depth and t h i cknes s  of t h e  
d i f f e r e n t  s o i l  m a t e r i a l s ,  e s t ima t ion  of pe rmeab i l i t y  of t h e  d i f f e r e n t  s o i l  
s t r a t a ,  l o c a t i o n  of l a y e r s  of very  low permeabi l i ty  and o t h e r  m a t e r i a l s  which 
should be  considered i n  des ign .  These l a y e r s  may inc lude  c l ay  pans, s h a l e ,  sand- 
s t o n e ,  bog i r o n ,  rock ,  g r ave l  o r  quicksand. Such m a t e r i a l s  may r e q u i r e  i n c l u s i o n  
of f i l t e r s ,  g r a v e l  envelopes, o r  s p e c i a l  b a c k f i l l  t rea tment  i n  des ign  of t h e  
system. 

The pH of t h e  s o i l  and t h e  amount of s u l f a t e s  p r e sen t  w i l l  have an e f f e c t  on 
k inds  of d r a i n  m a t e r i a l s  t h a t  can b e  used. Borings needed t o  f u r n i s h  t h i s  
in format ion  a r e  descr ibed  below under "Subsurface exp lo ra t i ons . "  Information 
on c h a r a c t e r i z a t i o n  of s o i l  m a t e r i a l s  and t h e i r  s t r u c t u r e  and permeabi l i ty  i s  
contained i n  t h e  USDA S o i l  Survey Manual (3) .  Engineering p r o p e r t i e s  of s o i l s  
a r e  descr ibed  and requirements  f o r  i n v e s t i g a t i o n s  a r e  covered i n  NEH Sec t i on  8, 
Engineering Geology. 

The dra inage  of s a l i n e  and a l k a l i  s o i l s  i n  i r r i g a t e d  a r e a s  must g ive  a t t e n t i o n  
t o  t h e i r  p a r t i c u l a r  requirements .  For t h i s  reason  i t  is necessary  t o  d e l i n e a t e  
s a l i n e  and a l k a l i  a r e a s  and determine t h e  degree of s a l i n i t y  o r  a l k a l i n i t y .  I n  
some a r e a s  t h i s  has  been done i n  connect ion w i th  s tandard  s o i l  surveys and is 
noted on s o i l  maps. Where t h i s  has  no t  been done i t  is  necessary  t o  make t h e s e  
de te rmina t ions  along w i th  o t h e r  i n v e s t i g a t i o n s  f o r  d ra inage .  I n  a l l  c a se s  i t  
is  d e s i r a b l e  t o  o b t a i n  t h e  s e r v i c e s  o f  a s o i l  s c i e n t i s t  o r  g e o l o g i s t  t o  d e l i n e a t e  
and c l a s s i f y  s a l t y  lands .  I f  t h i s  is n o t  p o s s i b l e ,  samples should be  taken  and 
submit ted t o  a  t e s t i n g  l abo ra to ry .  Agr i cu l t u r e  Information B u l l e t i n  No. 279 (4 )  
provides a  gu ide  t o  t h e  sampling procedure.  It is recommended t h a t  f o r  f i e l d s  
of 40 a c r e s  o r  l e s s ,  two sampling s i t e s  be  s e l e c t e d  i n  a r e a s  which a r e  apparen t ly  
a f f e c t e d  and two s i t e s  i n  unaf fec ted  a r e a s .  Samples should be  taken t o  t h e  plow 
depth and a t  12-inch depths t h e r e a f t e r .  

The U .  S .  S a l i n i t y  Laboratory has  developed a p o r t a b l e  t e s t  k i t  f o r  t h e  purpose 
of determining s a l i n i t y  and a l k a l i n i t y  i n  t h e  f i e l d .  It is assembled i n  a 
sma l l  s u i t c a s e  f o r  convenience i n  t r a n s p o r t a t i o n  t o  f i e l d  l oca t i ons .  Use of t h e  
k i t  i s  descr ibed  i n  USDA C i r c u l a r  No. 982 (5) .  Operat ion is n o t  d i f f i c u l t  and 
does no t  r e q u i r e  t h e  s e r v i c e s  of a s o i l  s c i e n t i s t .  

Subsurface exp lo ra t i ons  

Subsurface d r a i n s  i n  a r i d  i r r i g a t e d  a r e a s  a r e  u s u a l l y  placed a t  a  depth of 6 t o  
9 f e e t  below t h e  ground s u r f a c e ;  and i n  humid a r e a s  t h e  d r a i n s  a r e  u s u a l l y  
placed from 3 t o  6 f e e t  below t h e  su r f ace .  Ground water  flows t o  t h e  d r a i n s  
through t h e  s o i l  and s u b s o i l  m a t e r i a l s  extending from t h e  water  t a b l e  s u r f a c e  
t o  a  depth of s e v e r a l  f e e t  below t h e  d r a i n .  (See "P r inc ip l e s  of flow i n  t h e  
s a t u r a t e d  zone," Chapter I . )  The depth of t h i s  r eg ion  of flow w i l l  va ry  w i th  
t h e  hyd rau l i c  conduc t iv i t y  of t h e  subsur face  m a t e r i a l s  p r e sen t .  For t h i s  reason 
i t  i s  necessary  t o  explore  t h e s e  m a t e r i a l s  t o  a  depth of about one and one-half 
t imes t h e  d r a i n  depth ,  o r  deeper ,  t o  determine i f  t h e r e  is a s i g n i f i c a n t  change 
i n  t h e  hyd rau l i c  conduct iv i ty .  



Logging s o i l s  and subsu r f ace  m a t e r i a l s  
Subsurface exp lo ra t i ons  a r e  u s u a l l y  made by bor ing  t e s t  ho l e s  on a  r ec t angu la r  
g r i d  p a t t e r n  t o  cover t h e  a r e a  under cons ide ra t i on .  The spac ing  of bor ings  
should b e  based on a  knowledge of s o i l s ,  l o c a l  geology and exper ience  gained i n  
a  p a r t i c u l a r  work a r e a .  Borings must b e  spaced c l o s e  enough t o  permit  t h e  
c o r r e l a t i o n  of subsu r f ace  s t r a t a .  I n  a l l u v i a l  m a t e r i a l s  where sediments a r e  
heterogeneous m a t e r i a l s  depos i ted  i n  a  complex p a t t e r n ,  t h i s  spacing may need 
t o  be  100 f e e t  o r  l e s s .  I n  a r e a s  of r e s i d u a l  homogeneous s o i l s  t h e  spacing may 
b e  a s  g r e a t  a s  1,000 f e e t .  I n  p r a c t i c a l  f i e l d  a p p l i c a t i o n  t h e  u sua l  procedure 
is  t o  s e l e c t  a  g r i d  spac ing  based on prev ious  exper ience ;  s t a r t  subsur face  
exp lo ra t i ons  and a t tempt  t o  c o r r e l a t e  t h e  d a t a  from t h e  bor ings  progress ive ly .  
I f  t he  c o r r e l a t i o n  between bor ings  is poor o r  l a ck ing ,  t h e  d a t a  should be  
supplemented by c u t t i n g  t h e  o r i g i n a l  g r i d  spacing i n  h a l f  and r epea t i ng  t h e  
c o r r e l a t i o n  process .  It o f t e n  develops t h a t  i n  c e r t a i n  p a r t s  of an  a r e a  
c o r r e l a t i o n  may b e  good, whereas i n  o t h e r  s e c t i o n s  i t  may b e  poor. I n  t h i s  
l a t t e r  c a se  t he  g r i d  p a t t e r n  should b e  supplemented w i th  a d d i t i o n a l  bor ings  t o  
t h e  e x t e n t  t h a t  t h e  s u b s o i l  and s u b s t r a t a  con f igu ra t i on  is  made c l e a r .  Borings 
on l a r g e  a r e a s  should b e  l oca t ed  on a g r i d  p a t t e r n ,  u s u a l l y  r ec t angu la r .  The 
l i n e s  of bor ings  may be  o r i e n t e d  i n  any convenient  d i r e c t i o n  t o  f i t  t h e  a r e a .  
When t h e  spac ing  and g r i d  p a t t e r n  have been e s t a b l i s h e d ,  gu ide  s t a k e s  can b e  
p laced  a t  f i e l d  boundaries  and i n t e r i o r  s t a k e s  s i gh t ed  i n .  I f  a  topographic 
survey is  t o  be  made, t h e  l o c a t i o n s  of bo r ings  can be  t i e d  i n  w i th  i t .  

The depth of bo r ings  should be  a t  l e a s t  1-112 t imes t h e  d r a i n  depth.  Since t h e  
a c t u a l  depth of t h e  d r a i n  which may be  i n s t a l l e d  a s  a  r e s u l t  of t h e  inves t iga-  
t i o n s  is no t  known, t h e  bor ings  a r e  normally made t o  a  depth of approximately 
twice  t h e  average d r a i n  depth i n  t h e  a r e a .  A few deeper bo r ings  - 15 t o  20 f e e t  
- i n t e r s p e r s e d  w i th  t h e  o t h e r s ,  should b e  made t o  determine t h e  composition of 
under ly ing  s t r a t a .  The presence of c e r t a i n  types of s t r a t a  may r e q u i r e  t h e  
a l t e r a t i o n  of t h e  e n t i r e  dra inage  p lan .  I f  i n i t i a l  bo r ings  i n  t h e  a r e a  i n d i c a t e  
a  r a t h e r  uniform con f igu ra t i on  of subsu r f ace  l a y e r s ,  t h e  spacing of t h e  bo r ings  
may be  increased .  

Each bor ing  should b e  numbered and i d e n t i f i e d  by t h a t  number on t h e  topographic 
map. Logs of each bor ing  should be  prepared i n  t h e  f i e l d  and i d e n t i f i e d  by 
number and l o c a t i o n .  A sample s h e e t  f o r  logging  the s o i l s  is g iven  i n  F igure  2-1. 

In format ion  which should b e  recordcd f o r  a l l  bor ings  i nc ludes :  

1. S t a t e ,  s o i l  conserva t ion  d i s t r i c t ,  work u n i t ,  farm o r  p r o j e c t ,  and 
l oca t i on .  

2. Name of t e chn i c i an  logging t h e  ho l e .  

3. Date. 

4 .  Boring number. 

5 .  A s t r a t i g r a p h i c  d e s c r i p t i o n  of t h e  s u b s o i l  p r o f i l e .  

6. Estimated h y d r a u l i c  conduc t iv i t y  of each s i g n i f i c a n t  l a y e r .  

7. Locat ion of wa te r  t a b l e  a t  t ime of boring.  

Although a  few bo r ings  may be  made by hand auger ,  power equipment should be  pro- 
vided where many, and/or  deep, bor ings  a r e  needed. 



Log-Feet 

C l a s s i f i c a t i o n  Symbol 

* 

LOG SHEET FOR SOIL BORING 

S t a t e  SCD Work U n i t  

Farm or P r o j e c t  Loca t i on 

Techn ic ian  Date 

Bo r ing  No. Locat i on 

Soi  l Symbol Land Use Crop Cond i t i on  

GW - Gravel, we l l  graded 
GP - Gravel, poorly graded 
SW -Sand, we l l  graded 
SP -Sand, poorly graded 
CH - Clay, high plast ic i ty  
C L  - Clay, low plast ic i ty  
MH -Si l t ,  medium plasticity 
ML  - Silt, low plasticity 
G C  - Clayey gravels, plastic 
GM - Si l ty  gravels, non-plastic 
SC -Clayey sands, plastic 
SM -S i l ty  sands, non-plastic 
OH - Organic clays, plastic 
OL  - Organic s i l t s ,  non-plastic 
Pt  -Peat  & Muck 

0 

1 - 

2- 

3- 

4- 

5- 

6- 

7- 

0- 

9- 

1 0- 

11- 

12- 

Wetness 

1 - Dry 3 - Wet 
2 - Mo is t  4 - Satura ted 

- 

- 

Es t  imated Permeabi l i t y  

(S) less  than 0.20 i n h r  (MS) 0.20 t o  0.80 i n / h r  
(M) 0.80 t o  2.50 in/hr (MR) 2.50 t o  5.00 i n h r  

(R) 5.00 in/hr o r  more 

Note: Show symbol t o  i n d i c a t e  the  sediment 
type,  number f o r  wetness and c i r c l e d  l e t t e r  
f o r  permeab i l i t y .  

Example: A s low ly  permaeble wet c l a y  w i t h  
low p l a s t i c i t y  would be logged as shown. 

Remarks : 

I 

Figu re  2-1, Sample form for soil log 



The Unif ied S o i l  C l a s s i f i c a t i o n  System i s  recommended f o r  u se  i n  logging t h e  
s o i l  m a t e r i a l s .  The Unif ied S o i l  C l a s s i f i c a t i o n  Symbols a r e  defined a s  fol lows:  

Well-graded g rave l s  and gravel-sand mixtures ,  l i t t l e  o r  no f i n e s .  
Poorly graded g rave l s  and gravel-sand mixtures ,  l i t t l e  o r  no f i n e s .  
S i l t y  g r a v e l s ,  g rave l -sand-s i l t  mix tures .  
Clayey g r a v e l s ,  gravel-sand-clay mixtures ,  
Well-graded sands and g rave l ly  sands ,  l i t t l e  o r  no f i n e s .  
Poorly graded sands and g r a v e l l y  sands ,  l i t t l e  o r  no f i n e s .  
S i l t y  sands ,  s and - s i l t  mixtures.  
Clayey sands ,  sand-clay mixtures.  
Inorganic s i l t s ,  very f i n e  sands ,  rock f l o u r ,  s i l t y  o r  clayey f i n e  sands. 
Inorganic c l a y s  of low t o  medium p l a s t i c i t y ,  g r a v e l l y  c l ays ,  sandy c l ays ,  

s i l t y  c l a y s ,  l e an  c lays .  
Organic s i l ts  and organic  s i l t y  c l ays  of low p l a s t i c i t y .  
Inorganic  s i l t s ,  micaceous o r  diatomaceous f i n e  sands o r  s i l t s ,  e l a s t i c  

silts.  
Inorganic  c l ays  of h igh  p l a s t i c i t y ,  f a t  c l ays .  
Organic c l a y s  of medium t o  high p l a s t i c i t y .  
P e a t ,  muck and o t h e r  h igh ly  organic  s o i l s .  

Based on Visual-Manual Procedure, ASTM D 2488 

A visual-manual procedure f o r  d e s c r i p t i o n  of s o i l s  is given i n  ASTM Designat ion 
D 2488, and l abo ra to ry  methods f o r  c l a s s i f i c a t i o n  of s o i l s  f o r  engineering pur- 
poses is g iven  i n  ASTM Designat ion D 2487.* F i e l d  t e s t s  and e s t ima te s  of t h e  
hyd rau l i c  conduct iv i ty  (HC) should b e  r e l a t e d  t o  s i m i l a r  s o i l s  where t h e  HC has  
been measured i n  p l a c e  and t o  l abo ra to ry  measurements of t h e  HC on undisturbed 
samples of  s i m i l a r  s o i l s .  

Check l ists have been developed f o r  d e s c r i p t i o n  and f i e l d  i d e n t i f i c a t i o n  of s o i l  
m a t e r i a l s ,  based on t h e  Unif ied S o i l  C l a s s i f i c a t i o n  System. See Figures 2-2 and 
2-3. These l ists may be  p r in t ed  on double-weight field-book s i z e  paper f o r  f i e l d  
use.  

S o i l  samples f o r  l abo ra to ry  t e s t i n g  
S o i l  samples f o r  use i n  l abo ra to ry  a n a l y s i s  a r e  needed f o r  benchmark s o i l s  i n  
each p a r t i c u l a r  dra inage  problem a rea .  Each s i g n i f i c a n t l y  d i f f e r e n t  s t ra tum i n  
a s o i l  p r o f i l e  should b e  sampled f o r  t h e  l abo ra to ry  t e s t s .  These tests gene ra l ly  
should inc lude  hydrau l i c  conduct iv i ty ,  and i n  s p e c i a l  cases  development of mois- 
t u r e  r e t e n t i o n  curve ,  t o t a l  pore space ,  mechanical a n a l y s i s ,  and de termina t ion  
of o rgan ic  mat te r .  Undisturbed samples a r e  necessary f o r  t h e  hydraul ic  conduc- 
t i v i t y ,  moisture r e t e n t i o n ,  and pore space  t e s t s .  Disturbed samples a r e  s u i t a b l e  
f o r  t h e  o the r s .  Various types of equipment have been developed f o r  tak ing  in- 
p lace  samples. Taking the  samples i n  an open p i t  has t h e  advantage t h a t  a  sample 
may b e  taken from a h o r i z o n t a l  o r  a  v e r t i c a l  d i r e c t i o n ,  i n  order  t o  o b t a i n  both  
h o r i z o n t a l  and v e r t i c a l  hydraul ic  conduct iv i ty .  

s a l i n i t y  of t h e  s o i l  s o l u t i o n  
t h e  t o p s o i l  t o  t h e  plow depth 
one f o o t  t o  t h e  maximum depth 
adequate.  

*American Socie ty  f o r  Tes t ing  
Pa. 19103 

I n  a r i d  i r r i g a t e d  a r e a s  d i s tu rbed  samples should a l s o  b e  taken  f o r  t e s t i n g  t h e  
e x t r a c t .  The f i r s t  of t he se  should be  taken of 
and o t h e r s  a t  depth increments of approximately 
of r o o t  zone (4 ) .  A small--112 pound--sample is 

and Mate r i a l s ,  1916 Race S t r e e t ,  Ph i l ade lph ia ,  



DESCRIPTION C6 FINE-GRAINED AND PARTLY-ORGANIC SOIL - AS'I1.I D 2488 

Organic S i l t  Organic Clay 
2 .  Maximum P a r t i c l e  Size:  Note perceutage of boulders and cobbles i n  t o t a l  sample. 
3 .  Size Dis t r ibu t ion :  Approximate percent g rave l ,  sand and f i n e s  i n  f rac t ion  

f i n e r  than 3 i n .  (76 IMI) 

4 .  
5. 
6 .  
7 .  
8. 
9. 

10. 
ll. 
L2. 

13. 

14 .  
15. 

Dry Strength:  None very ~ b w  Low Medium High Very High 
Dilatancy : None Slow Rapid 
P l a s t i c  Thread: Weak and Sof t  Medium S t i f f  Very S t i f f  
P l a s t i c i t y  of Fines:  None S l i g h t  (low) Medium High 
Color: Use c m o n  tennb o r  Munsell nu ta t ion .  Based or! moist o r  wt condit ion.  - 
Odor: None Earthy Organic - 

May be neglected except f o r  dark-colored s o i l s .  
Moisture Content : Dry Moist Wet Very Wet 
Consistenc : Soft  Firm ( ~ e d i u m )  S t i f f  Very S t i f f  Hard 
Structure:' S t r a t i f i e d  Lamin. t ed  (Varved) Fissured Slickensided 

Ulocky Lensedd( Homogeneous (Nons t ra t i f ied)  
Cementation; Weak Strong 

Note reac t ion  with d i l u t e  hydrochloric ac id  as none, weak o r  strong.  

: Examples - Alluvia l ,  Residual, Loess, Lacustrine,  e t c .  
Group Synbol: Estimate i f  des i red .  See C l a s s i f i c a t i o n  Chart, Fig.  1, 

ASlM Method D 2487. 

Example: Clayey S i l t ,  some f i n e  sand. Maximum s i z e  about 0.5 mn. About 10  
percent f i n e  sand, 90 percent s l i g h t l y  p l a s t i c  f ine?.  Yellowish 
brown (LO YR 516) .  D r y .  Finn. Nonstrat if ied,  but wirh numerous 
v e r t i c a l  r o o t  holes.  Strong reac t ion  t o  HC1. Loess (HL). 

FIELD IDENTIFICATION OF CONSISTENCY OF FINE-GRAINED SOILS* 
I 

Consistency I I I d e n t i f i c a t i o n  Procedure 

~ - - - -  

I Penetrometer I Std. Penetra- 

tons/ft .2 o r  tion Test 
Blows/ft . 

k$/cm2 (ASTM D 1586) 

Less than 0.25 
Less than  0.25 

Very Soft.... 
Soft . .  . . . . . . . 
Firm (medium) 

S t i f f  ........ 
Very S t i f f . . .  
Hard......... 

0.50 t o  1.00 
1.00 t o  2.00 
Over 2.00 

Loses shape under i t s  o m  w i g h t  
Easily penetrated s e v e r a l  inches by thumb 
Penetrated severa l  inches by thumb with 

moderate e f f o r t  
Readily indented by thumb, bu t  penetrated 

only with g r e a t  e f f o r t  
Readily indented by thumbnail 
Indented with d i f f i c u l t y  by thumbnail 

I 

*Based on sa tura ted  s o i l s .  
- 

FIELD IDENTIFICATION OF FINE-GRAINED SOIL FRACTIONS FRCM MANUAL TESTS 

Sandy Clay (CL). . . . Low - High 

'Unified c l a s s  ML a p p l i e s  t o  the  f i r s t  r a t i n g s ;  MH a p p l i e s  t o  t h e  second ra t ings .  

F igure  2-2, Check l i s t  f o r  fine-grained and 
p a r t l y  o rgan ic  s o i l s  

Typical Name 
(Unified Class)  

Dry Strength Dilatancy 
Reaction 

Toughness of 
P l a s t i c  Thread 

P l a s t i c i t y  
Description 



DESCRIPTION OF COARSE-GRAINED SOILS - ASTH D 2488 

1. Typical Name: Boulders Cobbles Gravel Sand 
Add descr ip t ive  ad jec t ives  f o r  minor cons t i tuen ts .  

2 .  Gradation: Well-graded Poorly-graded (Ulifomly -graded o r  Gap-graded) 
Describe range of p a r t i c l e  s i z e s  o r  predommant s i z e  o r  s i z e s  a s  
coarse,  medium, o r  f i n e  sand o r  grave l .  

3. Maximum P a r t i c l e  Size: Note percent boulders and cobbles i n  t o t a l  sample. 
4. Size Dis t r ibu t ion :  Approximate percent g rave l ,  sand and f i n e s  i n  f r a c t i o n  f i n e r  

than  3 i n .  (76 w). Ind ica te  p l a s t i c i t y  of f i n e s .  
5. Grain Shape: Angular Subangular Subrounded Rounded 
6. M i n e r a l o ~ :  Rock type f o r  gravel ,  predominant minerals i n  sand. Note presence 

of mica f lakes ,  sha ly  p a r t i c l e s  and organic mater ia l .  
7. Color: Use comon t e r n s  o r  Munsell no ta t ion .  Based on moist ar xet  condit ion.  
8. s: None Earthy Organic (Dark-colored s o i l s  only) 
9. Moisture Content: Dry Moist Wet Very Wet 

10. Natural  Density: Loose Dense 
11. Struc ture  : S t r a t i f i e d  Lensed Nonstrat if ied 
12 .  Cementation: Weak Strong (Note reac t ion  with HC1 a s  none, weak o r  strong.)  
13. B: Examples - Alluvial ,  Colluvium, T i l l ,  Outwash, e t c .  
14. Group Symbol: Estimate. (See F ie ld  I d e n t i f i c a t i o n  below.) 

Example; S i l t  Sand, well-graded grave l ly .  Maximum s i z e ,  8 i n . ,  about 
*cobbles. About 20 percent  subrounded gran i te  grave l ,  
65 percent subrounded t o  subangular quartz sand, and 15  percent 
low p l a s t i c i t y  f i n e s .  Light brown (7.5 YR 6/4). Moist. Dense. 
S t r a t i f i e d .  No reac t ion  t o  HC1. Al luv ia l  sand (SM). 

FIELD IDENTIFICATION - COARSE-GRAINED SOILS 

COARSE PARTICLE GRADE SIZES 
Grade Name Grade Size Sieve No. Comparative Size 

Boulders 12" + Basketball  o r  l a r g e r  
Large Cobbles 611 - 12" Cantaloup t o  Basketball  
Small Cobbles 3" - 6" Orange t o  Cantaloup 

(Exclude f r a c t i o n  l a r g e r  than 3" from Unified C l a s s i f i c a t i o n )  
Coarse  ravel‘ 3/4" - 3" Cherry t o  Orange 
Fine Gravel 1/4" - 3/4" 4 - 3/4" Pea t o  Cherry 
Coarse Sand 2.0 - 4.76 mm 10 - 4 Wheat Grain t o  Pea 
Medium Sand 0.42 - 2 . 0  mm 40 - 10 Sugar t o  Wheat Grain 
Fine Sand 0.074 - 0.42 mm 200 - 40 Flour  t o  Sugar 

I I CLEAN GRAELS 

GRAVEL 
AND 
CRAWL1 
SOILS 

W i l l  n o t  leave 
a d i r t  S t a i n  
on a wet palm. 

DIRTY GRAVELS 

W i l l  leave a 
d i r t  s t a i n  on 
a wet palm. 

I Wide range i n  g r a i n  s i z e s  and (Unifiet 
s u b s t a n t i a l  amounts of a l l  GW 
intermediate o a r t i c l e  s i z e s .  

Predominantly one s i z e  o r  a 
range of s i z e s  with some 

low p l a s t i c i t y  ( f o r  i d e n t i f i c a -  GM 
t i o n  of f i n e s  see c h a r a c t e r i s -  
t i c s  of ML fine-grained s o i l s ) .  

P l a s t i c  f i n e s  ( f o r  i d e n t i f i c a -  
t i o n  of f i n e s  see  charac te r i s -  GC 
t i c s  of CL fine-grained s o i l s ) .  

SOILS , p 5 Z t: 

Figure 2-3, Check list for coarse-grained s o i l s  

I 
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CLEAN SANDS 

W i l l  no t  l eave  
a d i r t  s t a i n  
on a wet palm. 

S m ~  
w i l l  leave a 
d i r t  s t a i n  on 
a pah. 

O V W  

yl d d ~  e r l  

2 5 e .: 2 
s V  
C, m C V  al .d a 
* m o  
0 * D  x w m  

Wide range i n  gra in  s i z e  and 
s u b s t a n t i a l  amounts of a l l  SW 
intermediate p a r t i c l e  s i z e s .  - 
Predominantly one s i z e  o r  a 
range of s i z e s  with some SP 
intermediate s i z e s  missing. 

Nonplastic f i n e s  o r  f i n e s  with 
low p l a s t i c i t y  ( f o r  i d e n t i f i c a -  SM 
t i o n  of f i n e s  see  c h a r a c t e r i s -  
t i c s  of ML fine-grained s o i l s ) .  

P l a s t i c  f i n e s  ( f o r  i d e n t i f i c a -  
t i o n  of f i n e s  see c h a r a c t e r i s -  SC 
t i c s  of CL fine-grained s o i l s ) .  
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Fur the r  in format ion  on sampling and t e s t i n g  s o i l s  f o r  a n a l y s i s  of s a l i n i t y  and 
a l k a l i n i t y  i s  given i n  Agr i cu l t u r e  Handbook 60 ( 6 )  and USDA Ci r cu l a r  No. 982 (5). 

Hydraul ic  conduc t iv i t y  
The terms "hydraul ic  conduc t iv i t y ,  " "permeabil i ty"  and " c o e f f i c i e n t  of permea- 
b i l i t y , "  a l though having d i f f e r e n t  t e c h n i c a l  meanings, a r e  o f t e n  used i n  t h e  
same sense .  The " c o e f f i c i e n t  of permeabi l i ty ' t  is  def ined  (7)  a s  t h e  r a t e  of 
flow of water  through a  u n i t  c ro s s - s ec t i ona l  a r e a  under a  u n i t  head dur ing  a  
u n i t  per iod  of t ime. The term "hydraul ic  conduct iv i ty"  may be  def ined  (8) a s  
t h e  c o e f f i c i e n t  K i n  ~ a r c y ' s  law v  = K i w h e r e  v  is  t h e  v e l o c i t y  of seepage and 
i is t h e  h y d r a u l i c  g r a d i e n t .  Values of K depend on p r o p e r t i e s  of t h e  f l u i d ,  
such a s  v i s c o s i t y ,  a s  w e l l  a s  t h a t  of t h e  porous medium, and r e f l e c t  any i n t e r -  
a c t i o n s  of t h e  f l u i d  wi th  t h e  porous medium such a s  swel l ing  of s o i l  and i t s  
a t t e n d a n t  reduced po ros i t y .  The term "permeabil i ty"  is used i n  a  gene ra l  sense  
t o  i n d i c a t e  t h e  r e l a t i v e  a b i l i t y  of s o i l s  t o  t r ansmi t  water .  I n  t h e  fol lowing 
d i s cus s ion  t h e  term "hydraul ic  conduct iv i ty"  (HC) w i l l  b e  used i n  t h e  s p e c i f i c  
s ense  t o  mean t h e  r a t e  of t r a n s m i s s i b i l i t y  of wa t e r  through s o i l  assuming a  
hyd rau l i c  g r ad i en t  of un i t y .  

I n  t h e  p a s t ,  much r e sea rch  work has  been done on developing va r ious  methods and 
techniques f o r  determining t h e  permeabi l i ty  of s o i l s .  I n  gene ra l ,  t h e s e  methods 
and techniques f a l l  i n t o  two types  depending on whether t h e  s o i l  was t e s t e d  " in  
place" o r  whether s o i l  samples were t r anspo r t ed  t o  t h e  l abo ra to ry  f o r  t e s t i n g .  
T e s t s  made " i n  place" a r e  gene ra l l y  considered s u p e r i o r  a s  i t  is  almost impos- 
s i b l e  t o  o b t a i n  samples and t r a n s p o r t  them t o  t h e  l abo ra to ry  wi thout  d i s t u r b i n g  
them t o  some degree,  thereby a l t e r i n g  t h e i r  permeabi l i ty .  

Labora tory- tes t ing  methods involve  p l ac ing  s o i l  samples i n  permeameters where 
they a r e  sub j ec t ed  t o  a  head of water  f o r  a  des igna ted  per iod  of t ime. By 
measuring t h e  amount of water  t h a t  passes  through t h e  sample i n  a  g iven  per iod  
of t ime t h e  permeabi l i ty  can be  determined. 

Laboratory t e s t s  may b e  made i n  e i t h e r  of two ways. An undisturbed co re  may be  
ob ta ined  i n  t h e  f i e l d  w i th  a  s p e c i a l  core  sampler and taken  t o  a  l a b o r a t o r y  f o r  
t e s t s  o r  a  d i s t u rbed  sample may b e  obtained and taken  t o  t h e  l abo ra to ry  where 
i t  w i l l  b e  d r i e d ,  reduced t o  g r anu l e  s i z e ,  and then  packed i n t o  a  permeameter 
t ube  f o r  t e s t i n g .  Equipment f o r  permeabi l i ty  t e s t s  is  r e l a t i v e l y  inexpensive 
and may be  purchased complete o r  f a b r i c a t e d  l o c a l l y .  Tes t s  and equipment a r e  
descr ibed  i n  USDA Agr i cu l t u r e  Handbook 60 (6)  and USDA Technical  B u l l e t i n  
No. 1065 ( 7 ) .  

In-place measurement of permeabi l i ty  may be  made by s e v e r a l  methods. The proce- 
dures  which have been used most commonly a r e  descr ibed  i n  Spec i a l  P u b l i c a t i o n  
SP-SW-0262 of t h e  American Soc i e ty  of A g r i c u l t u r a l  Engineers  ( 9 ) .  I n  a d d i t i o n  
t o  a  b r i e f  d e s c r i p t i o n  of t h e  d i f f e r e n t  methods of measuring s a t u r a t e d  hyd rau l i c  
conduc t iv i t y  of s o i l s ,  t h e  equipment requi red  is  l i s t e d  and t h e  m e r i t s  and 
l i m i t a t i o n s  of each method a r e  d i scussed .  A l i s t  of r e f e r ences  f o r  d e t a i l s  on 
theory and a p p l i c a t i o n  i s  given. 

The auger-hole method i s  t h e  s imp le s t  method f o r  measuring t he  hyd rau l i c  conduc- 
t i v i t y  of s o i l  i n  p l ace  i n  t he  presence  of a  water  t a b l e .  It is a l s o  one of 
t h e  most r e l i a b l e  methods. Severa l  i n v e s t i g a t o r s  have con t r i bu t ed  t o  t h e  
development of t h e  theory and a p p l i c a t i o n  of t h e  method and a  l a r g e  p a r t  of t h e i r  
work is summarized by Luthin i n  Vol. V I I  of Agronomy Monographs (10) and by 
Kirkham (11) .  A good d i s cus s ion  of t h e  method and equipment requi red  i s  g iven  
by Van Beers i n  B u l l e t i n  No. 1 of t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Land Reclamation 
and Improvement, Wageningen, t h e  Netherlands.  Graphs, i n  me t r i c  u n i t s ,  a r e  given 
f o r  s o l u t i o n  of t h e  formula (12) .  



The number of t e s t s  which a r e  needed t o  a r r i v e  a t  t h e  va lue  f o r  hyd rau l i c  con- 
d u c t i v i t y  t o  use  f o r  des ign  depends on t h e  un i formi ty  of t h e  s o i l  p r o f i l e  below 
t h e  wa te r  t a b l e .  This  t e s t ,  t hen ,  should b e  made a f t e r  t h e  s o i l s  have been 
logged o r  concu r r en t l y  w i th  t h e  logging.  It i s  a  ma t t e r  of judgment a s  t o  how 
many t e s t s  f o r  HC should be  made. The HC may vary  q u i t e  a  b i t  w i t h i n  s h o r t  
d i s t a n c e s .  S ince  i t  is d e s i r e d  t o  determine t h e  average HC f o r  a  r a t h e r  l a r g e  
a r e a  i t  i s  b e t t e r  t o  run  s e v e r a l  t e s t s  i n  d i f f e r e n t  l o c a t i o n s  than t o  t r y  t o  
determine t he  HC i n  on ly  one p lace .  A good guide  t o  go by i s  t o  use  a l t e r n a t e  
logging  ho l e s  f o r  making t e s t s  of hyd rau l i c  conduc t iv i t y .  The number of logging 
h o l e s  and HC t e s t s  r equ i r ed  a r e  thus  bo th  r e l a t e d  t o  t h e  un i formi ty  of t h e  
subsu r f ace  m a t e r i a l s .  

Other  f i e l d  pe rmeab i l i t y  t e s t  methods a r e  presen ted  i n  NEH Sec t ion  8, Engineering 
Geology, and NEH Sec t i on  18 ,  Ground Water. 

Auger-hole method. - The p r i n c i p l e  of t h e  auger-hole method is simple.  A h o l e  i s  
bored t o  a  c e r t a i n  d i s t a n c e  below t h e  wa te r  t a b l e .  This  should be  t o  a depth 
about  one f o o t  below t h e  average depth of d r a i n s .  The depth of water  i n  t h e  
h o l e  should be  about 5 t o  10 t imes t h e  d iameter  of t h e  ho l e .  The water  l e v e l  
is  lowered by pumping o r  b a i l i n g  and t h e  r a t e  a t  which t h e  ground water  flows 
back i n t o  t h e  h o l e  i s  measured. The hyd rau l i c  conduc t iv i t y  can then  be  computed 
by a formula which r e l a t e s  t h e  geometry of t h e  ho l e  t o  t h e  r a t e  a t  which t h e  water  
f lows i n t o  i t .  

F igure  2-4, Symbols f o r  auger-hole method of measuring h y d r a u l i c  conduc t iv i t y  



K = h y d r a u l i c  conduct ivi ty-- inches  p e r  hour 

H = depth  of h o l e  below t h e  ground w a t e r  t ab le - - inches  

r = r a d i u s  of auger  hole-- inches  

y = d i s t a n c e  between ground w a t e r  l e v e l  and t h e  average  l e v e l  of w a t e r  
i n  t h e  hole-- inches ,  f o r  t h e  t i m e  i n t e r v a l  At--seconds 

Ay = rise of water-- inches ,  i n  auger  h o l e  d u r i n g  At--seconds, t i m e  i n t e r v a l  

G = depth  of t h e  impermeable l a y e r  below t h e  bottom of t h e  hole-- inches .  
Impermeable l a y e r  d e f i n e d  a s  a l a y e r  which h a s  t h e  p e r m e a b i l i t y  of 
about  one- tenth o r  less of t h e  p e r m e a b i l i t y  of t h e  l a y e r s  above. 

d = average  d e p t h  of w a t e r  i n  auger  h o l e  d u r i n g  tes t - - inches  

Good judgment i s  needed i n  de te rmin ing  how b i g  a drawdown of t h e  w a t e r  l e v e l  i n  
t h e  auger  h o l e  t o  make f o r  t h e  purpose of t h e  t e s t .  Genera l ly ,  a l a r g e r  drawdown 
should  b e  made f o r  s lowly  permeable s o i l s  than  f o r  more permeable s o i l s .  A 
s m a l l  drawdown f o r  h o l e s  i n  s loughing  s o i l s  may reduce  t h e  amount of s loughing .  
Pumping should  s t o p  when t h e  w a t e r  l e v e l  is w i t h i n  a few i n c h e s  of t h e  bottom 
of t h e  h o l e  t o  p r e v e n t  p i c k i n g  up sand i n  t h e  pump. 

Measurement of t h e  r a t e  of recovery  of w a t e r  i n  t h e  auger  h o l e  should b e  com- 
p l e t e d  b e f o r e  one-fourth  of t h e  t o t a l  amount of drawdown h a s  been recovered  (10) .  
Four o r  f i v e  r e a d i n g s  should b e  t a k e n  a t  uniform s h o r t  t i m e  i n t e r v a l s  and a p l o t  
of t h e  r e a d i n g s  made t o  de te rmine  a uniform r a t e  of recovery  t o  u s e  i n  t h e  
formula.  P l o t t i n g s  of t ime i n  seconds a g a i n s t  t h e  r e s i d u a l  drawdown i n  i n c h e s  
w i l l  i n d i c a t e  t h o s e  r e a d i n g s  a t  t h e  beg inn ing  and end of t h e  t e s t  which should 
b e  d i s c a r d e d  and t h e  p roper  v a l u e s  of A t  and Ay t o  use .  

Equipment f o r  auger-hole  method. - - The equipment r e q u i r e d  t o  make t h e  test 
c o n s i s t s  of a s u i t a b l e  auger ,  a pump o r  b a i l  bucket  t o  remove wate r  from t h e  
h o l e ,  a wa tch ,  and a d e v i c e  f o r  measuring t h e  dep th  of w a t e r  i n  t h e  h o l e ,  a s  i t  
rises d u r i n g  r e c h a r g e .  For u s e  i n  u n s t a b l e  s o i l s  a w e l l  s c r e e n  may b e  necessa ry .  

Many o p e r a t o r s  p r e f e r  a w e l l  made, l i g h t  w e i g h t ,  b o a t  o r  s t i r r u p  pump. One t h a t  
i s  e a s i l y  disassembled f o r  c l e a n i n g  i s  b e t t e r .  One type  of pump which has  g i v e n  
good s e r v i c e  i s  a smal l  double  diaphragm b a r r e l  pump. T h i s  can b e  mounted on a 
wooden frame f o r  e a s e  of hand l ing  and use .  The watch must have a second hand. 
For  t h e  dep th  measuring d e v i c e  a l i g h t  weight  bamboo f i s h i n g  rod marked i n  f e e t  
t e n t h s ,  and hundred ths  w i t h  a c o r k  f l o a t  works w e l l .  Other  types  of f l o a t s  
have been developed a l s o .  A j u i c e  can w i t h  a s t a n d a r d  s o l d e r e d  t o  one end t o  
ho ld  a l i g h t  weight  measuring rod is good. A f i e l d  k i t  f o r  u s e  i n  making t h e  
auger  h o l e  measurement of HC is i l l u s t r a t e d  i n  F i g u r e  2-5.  I n  a d d i t i o n  t o  t h e  
i t e m s  i n d i c a t e d  on t h i s  f i g u r e ,  a watch and a s o i l  auger  w i l l  b e  needed. 

I n  making t h e  auger-hole measurement i n  f l u i d  sands  a p e r f o r a t e d  l i n e r  f o r  t h e  
h o l e  w i l l  b e  needed t o  keep t h e  h o l e  open and m a i n t a i n  t h e  c o r r e c t  s i z e .  S e v e r a l  
types  of l i n e r s  have been used.  These i n c l u d e  p e r f o r a t e d  o r  s l o t t e d  downspouting 
(conductor  p i p e  f o r  roof  r u n o f f )  and v a r i o u s  t y p e s  of w e l l  p o i n t s  and w e l l  s c r e e n s ,  
i n c l u d i n g  a p a r t i c u l a r  t y p e  of copper  s c r e e n  made i n  t h e  Nether lands .  For most 
k i n d s  of f l u i d  sands and s i l t s  t h i s  l a s t  s c r e e n  is t h e  b e s t .  It s t a y s  open much 
b e t t e r  t h a n  o t h e r  t y p e s  i n  t h e s e  s o i l s .  For many s o i l s  t h e  s l o t t e d  downspouting 
is s a t i s f a c t o r y ,  i f  adequa te  s l o t  openings are provided t o  a l low f r e e  f low i n t o  
t h e  p i p e .  



M e a s u r i n g  
P o i n t  

S u c t i o n  Hose S t a t i c  W a t e r  

Tape and 2 - i n c h  F l o a t  F i n i s h  T e s t  

S t a r t  T e s t  

F l  ELD S E T - U P  

L e v e l  

D o u b l e  D iaphragm f 
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A' 

NOTE: Equipment  i n  C a r r y i n g  Case 

F 2 '- 5 32" 
( A S S E M B L E D )  

C A R R Y I N G  C A S E  - AUGER H O L E  K I T  

i n c l u d e s  Auger Hose, Tape and 
F l o a t ,  S t a k e ,  and S t a n d a r d :  i n  
a d d i t i o n  t o  t h e  Pump. 

Figure 2-5, Equipment for auger-hole method of measuring hydraulic conductivity 



FIELD MEASUREMENT OF HYDRAULIC CONDUCTIVITY 
AUGER-HOLE METHOD 

For  use only  where bottom of hole coinc ides with barr ier .  
S o l  L CONSERVATION D ISTR ICT Dry River WORK UNIT S a l t  F la t  
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Figure  2-6--sheet 1 of 2 ,  Auger-hole method of measuring 
hydrau l i c  conduc t iv i ty  
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S o i l  p r o f i l e  l o g  h o l e s  a r e  used  f o r  t h e  t e s t  o r  a  s p e c i a l  h o l e  may be a u g e r e d  f o r  t h e  
purpose .  The h o l e  i s  pumped o r  b a i l e d  o u t  2 o r  3 t i m e s  t o  p e r m i t  any p u d d l e d - O v e r  
p o r e s  on t h e  w a l l  o f  t h e  c a v i t y  t o  be f l u s h e d  o u t  b y  t h e  i n - s e e p i n g  g r o u n d w a t e r .  T h i s  
f l u s h i n g  P r o c e s s  c a n  be a c c o m p l i s h e d  w i t h  a  pump o r  b a i l  b u c k e t  s l i g h t l y  s m a l l e r  t h a n  
t h e  auger  h o l e .  The w a t e r  l e v e l  i n  t h e  auger  h o l e  i s  a l l o w e d  t o  become s t a t i c  f o l l o w -  
i n g  t h e  c l e a n i n g  p r o c e s s .  

TEST: The w a t e r  l e v e l  i s  l owered  i n  t h e  h o l e  w i t h  t h e  pump o r  b a i l  b u c k e t .  The d i s -  
t a n c e  t h e  w a t e r  l e v e l  i s  l owered  w i l l  be dependen t  on  t h e  s l o u g h i n g  tendency  o f  t h e  
p r o f i l e .  Where s l o u g h i n g  i s  a  p r o b l e m  a  s m a l l e r  drawdown s h o u l d  be used and p o s s i b l y  
a  l i n e r  o r  s c r e e n  w i l l  be r e q u i r e d .  The w a t e r  l e v e l s  and t i m e  e l a p s e d  s i n c e  b e g i n -  
n i n g  o b s e r v a t i o n s  a r e  r e c o r d e d  on t h e  fo rm.  The r a t e  o f  r i s e  i s  used i n  t h e  f o l l o w -  
i n g  f o r m u l a  t o  c a l c u l a t e  K. The d e p t h  o f  w a t e r  i n  t h e  a u g e r  h o l e  ( 0 - 0 ) s h o u l d  be 
a b o u t  5 t o  10 t i m e s  t h e  d i a m e t e r  o f  t h e  h o l e .  Measurement o f  t h e  r a t e  o f  r i s e  s h o u l d  
be c o m p l e t e d  b e f o r e  ay 2 1/4 ( A - 0 )  

Water Table 

Residual 
Drawdown 

AUGER HOLE PROF1 LE 

K = Hydraul ic  c o n d i t i v i t y  i n  inches 
per hour 

r = Radius of auger ho le i n  inches 
S = Funct ion from f i g u r e  on char t  

below 
H = Depth of  water i n  auger ho le i n  

inches ( 0 - B )  
A y  = Raise of water leve l  i n  inches 

i n  A t  timed i n t e r v a l  (A-R)  
A t  = Time requi red t o  g ive  A y  

i n  seconds 
d = Average depth of water i n  auger 

ho le d u r i n g  t e s t  (0-A t Ay/2) 
i n  inches 

Hole Dia. 4" 
~~l~ nepth  84" Ground t o  Ref .=/ /"  

0 = 93" 
I =  2 
H = 50 
d 17 

A y  = 9.5 

At = 1.50 seconds 
r/H =- / 

50 = 0.04 

d/H =16.2/ 
50 0.32 

Figure  2-6--sheet 2 of 2,  Auger-hole method of measuring 
hydrau l i c  conduc t iv i ty  



The openings i n  t h e  s c r een  should no t  r e s t r i c t  flow apprec iab ly .  The head l o s s  
through t h e  s c r een  should be  n e g l i g i b l e  and t h e  v e l o c i t y  of flow through t h e  
openings should be  smal l  - 0.3 f o o t  p e r  second o r  l e s s  - t o  prevent  movement of 
f i n e s  i n t o  t h e  ho l e .  These c r i t e r i a  w i l l  u s u a l l y  be  m e t  i f  t h e  a r e a  of openings 
is 5 percent  o r  more of t h e  t o t a l  a r e a  of t he  s c r een .  

The Bureau of Reclamation uses  4-inch downspouting w i th  s i x t y  118 inch  by 1-inch 
s l o t s  pe r  f o o t  of l ength .  This works w e l l  i n  a  v a r i e t y  of s o i l s .  The s c r een  from 
t h e  Netherlands r e f e r r e d  t o  i s  made from a punched b r a s s  s h e e t  2  mm. t h i c k  wi th  
ho l e s  averaging about 0.5 mm. diameter .  It is r o l l e d  i n t o  a  tube  8 cm. i n  dia-  
meter  by 1 meter  long.  The reasons  t h i s  s c r een  works s o  w e l l  a r e  t h a t  t h e  s h e e t  
i s  r o l l e d  s o  t h a t  t h e  d i r e c t i o n  i n  which t he  ho l e s  a r e  punched i s  outward and t he  
h o l e s  a r e  v a r i a b l e  i n  s i z e .  It has  been used i n  many troublesome s o i l s  and t h e r e  
have been no r e p o r t s  of clogging o r  f a i l u r e  t o  keep f i n e s  ou t  of t h e  ho l e .  

Formulas f o r  de te rmina t ion  of HC by auger-hole method. - - Determinat ion of t h e  
hyd rau l i c  conduc t iv i t y  by t h e  auger-hole method is a f f e c t e d  by t h e  l o c a t i o n  of 
t h e  b a r r i e r  o r  impermeable l a y e r .  For t h e  ca se  where t h e  impermeable l a y e r  
co inc ides  w i th  t h e  bottom of t h e  h o l e  a  formula f o r  determining t h e  hyd rau l i c  
conduc t iv i t y  (K) has  been developed by Van Bavel and Kirkham (13) .  

The formula is  a s  fo l lows:  

Where S is a func t i on  dependent on t he  geometry of t he  h o l e ,  t he  s t a t i c  depth of 
water  and t h e  average depth of wa te r  dur ing  t h e  t e s t  (14) ,  and t h e  o t h e r  symbols 
a r e  a s  def ined  on page 2-29. 

A sample form f o r  use  i n  record ing  f i e l d  obse rva t i ons  and making t h e  necessary 
computations i s  i l l u s t r a t e d  i n  F igure  2-6. This  inc ludes  a  c h a r t  f o r  determining 
t h e  geometr ic  func t i on  S f o r  use  i n  t h e  formula f o r  c a l c u l a t i o n  of t h e  HC. 

The more u sua l  s i t u a t i o n  is  where t h e  bottom of t h e  auger ho l e  is some d i s t a n c e  
above t h e  b a r r i e r .  Formulas have been developed by Erns t  (15) f o r  computing t h e  
hyd rau l i c  conduc t iv i t y  i n  homogeneous s o i l s  by t h e  auger-hole method f o r  bo th  
ca se s .  Converted t o  English u n i t s  of measurement t h e  formulas a r e  a s  given 
below. Refer  t o  F igure  2-4. 

1. For t h e  case  where t he  impermeable l a y e r  is  a t  t h e  bottom of t h e  auger 
h o l e ,  G = 0: 

( E q .  2-2) 

2. For t h e  case  where t h e  impermeable l a y e r  i s  a t  a depth 7 1/2H below the  
bottom of t h e  auger ho l e :  

(Eq.  2-3) 

To ob t a in  
should be 

2 r  > 

accep t ab l e  accuracy from use  of t h i s  method t h e  fol lowing condi t ions  
met: 

2-112 a n d <  5-112 inches  



H > 10 and < 80 inches  

Char t s  have been prepared f o r  s o l u t i o n  of Equation 2-3 f o r  auger  ho l e s  of 
r = 1-112 and 2 inches .  For t h e  ca se  where t h e  impermeable l aye r  i s  a t  t h e  bottom 
of t h e  auger  h o l e  t h e  hyd rau l i c  conduc t iv i t y  may be  determined from t h e s e  c h a r t s  
by mu l t i p ly ing  t h e  v a l u e  ob ta ined  by a  conversion f a c t o r  "f" a s  i nd i ca t ed  on 
F igu re  2-7, Sheet 2 of 2 .  

Other methods f o r  determining hyd rau l i c  conduc t iv i t y .  - A method f o r  determining 
t h e  hyd rau l i c  conduc t iv i t y  i n  t he  absence of a  water  t a b l e  has  been developed by 
Bouwer (16) .  This  is termed t h e  double-tube method f o r  f i e l d  measurement of 
hyd rau l i c  conduc t iv i t y  of s o i l  above a  water  t a b l e .  The p r i n c i p l e ,  method, and 
equipment requi red  a r e  d i scussed  i n  t h e  r e f e r ence .  Resul t ing  measurements a r e  
l e s s  p r e c i s e  than measurements i n  a water  t a b l e  due t o  slow adjustments  t h a t  must 
t a k e  p l ace  from c a p i l l a r y  movement and a i r  entrapment w i t h i n  t h e  so i l -po re  space.  

A f i e l d  t e s t  f o r  determining t h e  pe rmeab i l i t y  of s o i l  i n  p l ace  and termed t h e  
Well Permeameter Method is  used by t h e  Bureau of Reclamation (17) .  This  method, 
c o n s i s t i n g  of measuring t h e  r a t e  a t  which water  f lows outward from an  uncased 
w e l l  under cons tan t  head,  is  p a r t i c u l a r l y  u s e f u l  f o r  e s t ima t ing  t h e  need f o r  
l i n i n g  a n  i r r i g a t i o n  cana l  p r i o r  t o  cons t ruc t i on .  The appa ra tu s  requi red  f o r  t h e  
t e s t  and t h e  procedure a r e  descr ibed  i n  t h e  ~ u r e a u ' s  Ear th  Manual. 

Ground-water i n v e s t i g a t i o n s  

The purpose of a  ground-water i n v e s t i g a t i o n  i s  t o  provide  in format ion  on t h e  
p o s i t i o n  and f l u c t u a t i o n  of t h e  water  t a b l e  a t  v a r i o u s  p o i n t s  i n  t h e  problem 
a r e a .  This  w i l l  determine t h e  e x t e n t  and s e v e r i t y  of t h e  d r a inage  problem over  
t h e  a r e a  and w i l l  i n d i c a t e  t h e  gene ra l  type  and l o c a t i o n  f o r  subsur face  d r a i n s .  
To o b t a i n  in format ion  on t h e  p o s i t i o n  and f l u c t u a t i o n  of t h e  water  t a b l e  t o  
develop a  ground-water o r  piezometr ic  p r e s s u r e  head contour  map, i t  i s  necessary 
t o  e s t a b l i s h  obse rva t i on  w e l l s  and/or  piezometers .  Condit ions of a r t e s i a n  flow 
should be  i n v e s t i g a t e d  by use  of b a t t e r i e s  of piezometers .  

It may be  necessary  t o  i n s t a l l  a  few obse rva t i on  w e l l s  j u s t  o u t s i d e  and ad j acen t  
t o  t h e  p r o j e c t  a r e a  t o  determine ground-water l e v e l s  and water - tab le  f l u c t u a t i o n s  
i n  t h e  per imeter  a r e a .  

Observat ion w e l l s  
These a r e  open w e l l s  placed a t  s t r a t e g i c  p o i n t s  throughout t h e  problem a r e a  t o  - - 

permit  p e r i o d i c  obse rva t i ons  of water - tab le  l e v e l s .  They may be  cased o r  uncased 
w e l l s  dipending on t h e  s t a b i l i t y  of t h e  s o i l  m a t e r i a l s  a t  each l o c a t i o n .  Wells 
should be  e s t a b l i s h e d  on a g r i d  p a t t e r n  and spaced t o  g i v e  a  c l o s e  approximation 
of t h e  ground-water s u r f a c e .  Observat ion w e l l s  should be  e s t a b l i s h e d  concur ren t ly  
w i th  making s o i l  bor ings  and measuring hyd rau l i c  conduct i  i t y .  A number of t h e  
bo r ings  made should b e  cased--if necessary--and used a s  o$servat  i o n  w e l l s .  

S i z e  of w e l l s  and cas ing .  - It is u s u a l l y  necessary  t o  ca se  obse rva t i on  w e l l s  so  
t h a t  they  may be  maintained f o r  a  per iod  of a t  l e a s t  one yea r .  The purpose is  t o  
prevent  s loughing and caving.  Casing m a t e r i a l  may be s h e e t  meta l ,  downspouting, 
s t ovep ipe ,  d r a i n  t i l e  o r  tub ing ,  wood, used w e l l  cas ing  o r  p ipe ,  o r  s tandard  
commercial types of w e l l  c a s ing .  Downspouting s e rves  t h e  purpose very  we l l  a s  i t  



HYDRAULIC CONDUCTIVITY BY AUGER HOLE METHOD FROM FORMULA ERNST 

Cond i t  i ons : 
2 ~ 2 %  and <5% in .  
H>10 and <I30 i n .  
y> 0.2H 
G> H 

Yt %yo 
K= i n c h e s h o u r  
H, r ,  y ,  Ay= inches 
at =seconds 

For  G=0 ( b o t t o m  h o l e  a t  imp. l a y e r )  
K'  = Kf  

Example H=40 y=12 
C=41 

I 

3EFERENCE From formula L. F. Erns t U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. 
Groningen. The Netherlands I I ES - 734 
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(2 At ENGINEERING DIVISION - D ~ I N A G E  SECTION DATE 3 -23 -71 

Figure 2-7,  Hydraulic conductivity--auger-hole method by Ernst Formula 
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Figure 2-7--sheet 2 of 2, Hydraulic conductivity--auger-hole method 
by Ernst Formula 
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i s  s u f f i c i e n t l y  durab le ,  cheap, l i g h t  i n  weight ,  easy  t o  handle ,  and can be  
i n s t a l l e d  w i th  s imple hand t o o l s .  The casing should extend a t  l e a s t  8 inches  
above t h e  ground s u r f a c e  and be  provided w i th  a  cap f o r  p r o t e c t i o n .  

Water s u r f a c e  f l u c t u a t i o n s  w i t h i n  l a r g e  diameter  obse rva t i on  w e l l s  o f t e n  l a g  
cons iderab ly  behind a c t u a l  water - tab le  f l u c t u a t i o n s  i n  s lowly permeable s o i l s  
because of t h e  r e l a t i v e l y  l a r g e  wa te r  s t o r a g e  w i t h i n  t h e  w e l l .  Reducing t h e  w e l l  
d iameter  reduces t h e  water  s t o r a g e  f a c t o r  and t h e  l a g  e r r o r .  A smal l  diameter  
observa t ion  w e l l  can b e  i n s t a l l e d  by us ing  an adap t a t i on  of j e t t i n g  techniques  
descr ibed  under piezometers page 2-43. A 314-inch i n s i d e  diameter  p ipe  is j e t t e d  
t o  a  depth of 15 f e e t .  Then a  318-inch o u t s i d e  diameter  pe r fo ra t ed  tube  i s  placed 
i n s i d e  t h e  l a r g e r  p ipe .  The 3/4-inch p i p e  i s  pu l l ed  l e av ing  t h e  sma l l e r  tube  i n  
p l a c e ,  and t h e  annular  space  around t h e  tube i s  back - f i l l ed  w i th  coarse  sand. The 
3/8-inch pe r fo ra t ed  tube  then  func t i ons  a s  a smal l  diameter  w e l l .  I n  uns t ab l e  
s o i l s  a  l a r g e r  o u t s i d e  p ipe  should be  used and t h e  sand placed i n  t h e  space  between 
i t  and t h e  tube  b e f o r e  p u l l i n g  i t .  

Small diameter  j e t t e d  we l l s  have func t ioned  s a t i s f a c t o r i l y  and have s e v e r a l  ad- 
vantages over  t h e  l a r g e r  w e l l s .  They can b e  i n s t a l l e d  t o  much g r e a t e r  dep ths ;  
i n s t a l l a t i o n  is  quicker ;  t h e  cos t  of m a t e r i a l s  is  reduced; and t h e  l a g  e r r o r  i s  
cons iderab ly  l e s s .  

Spacing. - The spacing of obse rva t i on  w e l l s  u sua l l y  w i l l  b e  some m u l t i p l e  of t he  
spac ing  f o r  bo r ings ,  a s  p rev ious ly  d i scussed .  I n  a r e a s  where t h e  subsur face  pro- 
f i l e  is f a i r l y  uniform, t h e  water - tab le  s u r f a c e  u s u a l l y  is  smooth without  abrupt  
changes. 

Genera l ly ,  t h e  water - tab le  s u r f a c e  is  smoother than t h e  land su r f ace .  For t he se  
reasons ,  i t  i s  o f t e n  pos s ib l e  t o  c o r r e l a t e  water - tab le  l e v e l s  between observa t ion  
w e l l s  t h a t  a r e  spaced f a r t h e r  a p a r t  than  s o i l  bor ings .  There should be  no s e t  
r u l e  f o r  spac ing  observa t ion  w e l l s  a s  t h i s  should be  a  "cut  and t ry "  process  a s  
t h e  i n v e s t i g a t i o n  proceeds. The i n v e s t i g a t o r  should compare water - tab le  l e v e l s  
observed i n  t h e  w e l l s  and i f  t h e r e  is a  sharp  depa r tu r e  from the  gene ra l  s l o p e  of 
t h e  water - tab le  s u r f a c e ,  a d d i t i o n a l  w e l l s  should b e  e s t a b l i s h e d  t o  exp l a in  t h e  
i r r e g u l a r i t i e s .  

Depth. - The depth of observa t ion  w e l l s  should be  based on t h e  expected low ground- 
water  l e v e l .  The purpose of t h e  w e l l s  is t o  permit  measuring t h e  seasona l  high 
and low ground-water l e v e l s  w i th in  c e r t a i n  l i m i t s .  Therefore ,  i t  is necessary t o  
e s t ima te  what t h e  low l e v e l  w i l l  b e .  S o i l  p r o f i l e  and s t r a t i f i c a t i o n  a l s o  may 
i n d i c a t e  t h e  proper  depth f o r  obse rva t i on  w e l l s .  Genera l ly ,  a  water  l e v e l  below 
8  f e e t  is no t  s i g n i f i c a n t  i n  dra inage  planning and w e l l s  t o  t h i s  depth a r e  u sua l l y  
adequate  except  where a r t e s i a n  cond i t i ons  e x i s t .  

Es t ab l i sh ing  w e l l  e l eva t i ons .  - I n  o rde r  t o  c o r r e l a t e  water - tab le  l e v e l s  w i th  
ground-surface l e v e l s  and t o  compile ground-water contour  maps, t he  e l e v a t i o n  of 
obse rva t i on  w e l l s  must be determined. Surveys a r e  made t o  determine t h e  e l e v a t i o n  
of t h e  ground-surface a t  t h e  l o c a t i o n  of each w e l l  and of t h e  measuring po in t .  
The w e l l  cas ing  u sua l l y  provides a  good measuring p o i n t .  

Measuring wa te r  t a b l e  l e v e l s  and record ing  da t a .  - P e r i o d i c  measurements should be  
made t o  show t h e  d i s t a n c e  from t h e  measuring po in t  t o  t h e  water - tab le  l e v e l  i n  
each w e l l .  These measurements must b e  t abu l a t ed  and reduced t o  show t h e  a c t u a l  
e l e v a t i o n  of t h e  water  l e v e l  and t o  show t h e  depth from t h e  ground s u r f a c e  t o  t h e  
water  l e v e l  i n  each w e l l .  Forms which may be used fox record ing  measurements a r e  
i l l u s t r a t e d  on F igure  2-8. A simple dev i ce  f o r  use  i n  obse rva t i on  w e l l s  t o  o b t a i n  
t h e  maximum and minimum water  e l e v a t i o n s ,  which may occur  between t h e  read ings ,  has  
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been developed by two Corps of Engineers  employees, Beryl  G .  S t i n son  and John G. 
Co l l i n s .  The device  i s  known a s  t h e  "Max-Min Well Gage" and i t  can be  shop made 
f o r  about $10 t o  $20. F igure  2-9 i l l u s t r a t e s  t h e  gage and d e t a i l s  i t s  construc-  
t i o n .  

The p r i n c i p l e  of t h e  gage i s  s imple.  The f l oa t - - r e f e r  t o  F igure  2-9--moves 
f r e e l y  on t h e  s h a f t ;  consequent ly,  a s  t h e  wa te r  t a b l e  r i s e s ,  t h e  top  s l i d e  is 
moved up t h e  s h a f t  by t he  f l o a t ,  and a s  t h e  water  t a b l e  recedes ,  t h e  bottom 
s l i d e  is moved down t h e  s h a f t  by t h e  f l o a t .  F i e l d  procedures  used i n  read ing  
t h e  gage a r e  a s  fo l lows:  

1. P u l l  t h e  nylon l i n e  up u n t i l  t h e  s i n k e r  h i t s  t h e  bottom of t h e  f l o a t  and 
t h e  l i n e  is f a i r l y  t a u t .  

2 .  Clamp t h e  l i n e  a t  t h e  top of t h e  cap. 

3 .  L i f t  t h e  e n t i r e  gage assembly from t h e  w e l l .  

4 .  Measure t h e  p o s i t i o n  of t h e  two s l i d e s  and t h e  f l o a t  on t h e  rod ( t h e  rod 
may be  marked w i th  a  mark-a-lot p e n c i l ,  and t h e  p o s i t i o n  of t h e  s l i d e s  and 
f l o a t  can then be read d i r e c t l y ) .  

5. Push t h e  s l i d e s  f l u s h  w i th  t h e  top and bottom of t h e  f l o a t  assembly. 

6 .  Lower t h e  e n t i r e  gage assembly back i n t o  t h e  w e l l .  

7. Lower t h e  nylon l i n e  u n t i l  t h e  s i n k e r  j u s t  r e s t s  on t he  spacer .  

8. Clamp t h e  l i n e  a t  t h e  top of t h e  cap. 

Period of measurement. - Observat ion w e l l s  should be  e s t a b l i s h e d  t o  f u n c t i o n  f o r  
a  per iod  of a t  l e a s t  one yea r .  I n  i r r i g a t e d  a r e a s  w i th  permeable s u b s o i l  and 
substratum sediments ,  water - tab le  l e v e l s  f l u c t u a t e  cons iderab ly  dur ing  t h e  growing 
season.  F luc tua t i ons  of a s  much a s  8 f e e t  a r e  common. Under t h e s e  cond i t i ons ,  
any one s e t  of measurements u s u a l l y  w i l l  n o t  f u r n i s h  t h e  in format ion  needed on 
h igh  and low water  e l eva t i ons .  For t h i s  reason ,  a  s e r i e s  of measurements must 
be  made, u s u a l l y  one o r  two each month, f o r  a  per iod  of s e v e r a l  months t o  a  yea r .  
When t h e  max-min w e l l  gage is used ,  read ings  may b e  l e s s  f requent .  By comparing 
t h e  d a t a  by months, t he  h ighes t  water - tab le  cond i t i on  can be de t ec t ed .  This  i s  
t h e  c r i t i c a l  cond i t i on  and should b e  used a s  a  b a s i s  f o r  d ra inage  design.  

Piezometers 
The piezometer (7) i s  a  u s e f u l  t o o l  i n  determining ground-water cond i t i ons ,  
p a r t i c u l a r l y  where a r t e s i a n  p r e s su re s  a r e  suspec ted .  There is  a b a s i c  d i f f e r e n c e  
between a  piezometer and an obse rva t i on  w e l l .  The piezometer is a  small-diameter 
p ipe  d r iven  i n t o  t h e  s u b s o i l  s o  t h a t  t h e r e  i s  no leakage around t h e  p ipe  and a l l  
en t r ance  of water  i n t o  t h e  p ipe  is through t h e  open bottom. The piezometer in-  
d i c a t e s  on ly  h y d r o s t a t i c  p r e s su re  of ground water  a t  t h e  s p e c i f i c  po in t  i n  t h e  
s o i l  where t h e  lower end o r  opening of t h e  tube  is loca t ed .  I n  t h e  ca se  of 
observa t ion  w e l l s ,  t h e  en t r ance  of water  i n t o  t h e  w e l l  is  through t h e  e n t i r e  
s e c t i o n  pene t r a t ed  below t h e  water  t a b l e .  The observa t ion  we l l  r e f l e c t s  a  
composite of a l l  ground-water p r e s su re  t o  t h e  depth of t h e  we l l .  
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As the piezometer is a tool that can be used to determine the hydrostatic pressure 
at a point in the soil profile, it is valuable in detecting artesian pressures and 
differences in pressure between various strata. Ground water moves from a point 
of high hydrostatic pressure to one of low pressure; therefore, the flow of ground 
water can be charted if the various hydrostatic pressures are known. Batteries of 
piezometers of different lengths can be used to detect the vertical movement of 
ground water, and piezometers spaced at horizontal intervals can be used to detect 
horizontal seepage or movement. This technique is especially useful in studying 
ground-water movement adjacent to canals, drains, and reservoirs. 

The piezometers indi- The piezometers indi- The piezometers indi- The piezometers indi- 
cate that the ground cate a hydrostatic pres- cate a hydrostatic pres- cate that ground water 
water i s  going down sure or that there i s  sure in a stratum, and i s  moving into a stratum 
and that there i s  water coming up from a that water is being and going out of the area. 
some natural drainage. deeper strata. forced both up and down 

from the stratum. 

Piezometers may be installed by driving or by jetting into position by high 
velocity water jet. If more than just a few piezometers are to be installed the 
jetting technique is recommended. 



I n s t a l l a t i o n  by d r iv ing .  - Before d r i v i n g  t h e  tube  is  s t a r t e d ,  a  l o o s e  r i v e t  i s  
p laced  i n  t h e  lower end of t h e  114-, 318-, o r  112-inch p ipe  t o  keep s o i l  from 
en t e r ing .  The exac t  l eng th  of t h e  p ipe  should b e  noted so  t h a t  t h e  e l e v a t i o n  
of t h e  bottom of t h e  p ipe  a f t e r  d r i v i n g  may be  determined.  When t h e  d e s i r e d  
depth i s  reached,  a  rod is i n s e r t e d  and t he  r i v e t  is punched o u t ,  l e av ing  an 
open pipe--or piezometer .  

There a r e  s e v e r a l  types  of piezometer d r i v e r s  a v a i l a b l e .  One type  is  a  s p e c i a l  
hammer fash ioned  l i k e  a  s t e e l  fence-post d r i v e r .  It c o n s i s t s  of two p j ece s  of 314- 
inch  p ipe ,  one 15  inches  long and t h e  o t h e r  5 f e e t ,  jo ined  by a  1-foot s e c t i o n  of 
1-112-inch p i p e  f i l l e d  w i th  lead .  This  leaded s e c t i o n  is  f i t t e d  w i th  a  s t e e l  plug 
a t  each end t o  r e c e i v e  t h e  impact of t h e  blow. The piezometer is d r i v e n  i n t o  t h e  
s o i l  wi th  t h e  d r i v e r  u n t i l  i t  reaches  t h e  d e s i r e d  depth.  Since hand d r i v i n g  of a  
15- o r  20-foot piezometer i n  some formations may e n t a i l  cons iderab le  l a b o r ,  t h e  
use  of t h i s  method is d e f i n i t e l y  l i m i t e d .  P lac ing  a  j o i n t  and coupling about 1 
foo t  from t h e  bottom of t he  p ipe  s l i g h t l y  en l a rges  t h e  h o l e  through which t h e  
p ipe  passes .  This  he lp s  t o  reduce s i d e  f r i c t i o n  and c u t s  down on d r i v i n g  
r e s i s t a n c e .  Piezometers may be  d r i v e n  t o  about  40 f e e t  w i th  a  pneumatic jack- 
hammer i f  t h e  top  of t h e  piezometer p ipe  is f i t t e d  w i t h  a  d r iv ing  cap. 

For s u c c e s s f u l  i n s t a l l a t i o n  and ope ra t i on  of piezometers ,  t h e  s o i l  a t  t he  lower 
end of t h e  piezometer should b e  removed by f l u sh ing  a smal l  c av i t y  a t  t h e  bottom 
of t h e  p ipe .  The equipment needed f o r  f l u s h i n g  i nc ludes  a water  c o n t a i n e r ,  s t i r r u p  
pump, and enough p l a s t i c  tubing t o  r each  t he  bottom of t h e  deepes t  piezometer.  
The piezometer i s  t e s t e d  f o r  s e n s i t i v i t y  by f i l l i n g  t h e  piezometer w i th  water  and 
observing t h e  r a t e  of drop. I f  t h e  r a t e  of drop i s  very  slow, t h e  f l u s h i n g  should 
be  repea ted .  

See F igure  2-10 f o r  an example of a  form f o r  record ing  informat ion  on i n s t a l l a t i o n  
of piezometers .  F igure  2-8 i l l u s t r a t e s  a  form f o r  record ing  read ings .  

I n s t a l l a t i o n  by j e t t i n g .  - Equipment requi red  f o r  j e t t i n g  piezometers i n t o  p o s i t i o n  
c o n s i s t s  of a  high p re s su re  pump, a  supply of wa te r ,  and t h e  necessary f i t t i n g s  t o  
make t h e  connect ions f o r  d i r e c t i n g  t h e  j e t  of water  through t h e  piezometer .  Com- 
merc i a l  o rchard  spray ing  r i g s  have been used s u c c e s s f u l l y  f o r  t h e  pump and water  
supply tank ,  and t h e  f i t t i n g s  added have been v a r i e d  according t o  t h e  ingenui ty  
of t h e  people developing t he  equipment and t h e  convenience and ea se  of ope ra t i on  
d e s i r e d  (18) . 

A s  t h e  piezometer is j e t t e d  i n t o  p o s i t i o n  and t o  t h e  depth d e s i r e d  by t h e  high 
v e l o c i t y  water  j e t  t h e  sediments d i s lodged  and suspended i n  t he  water  flow t o  
t h e  s u r f a c e  by t he  passage around t h e  p ipe .  An experienced ope ra to r  can examine 
t h e  flow of t h e s e  sediments and by c o r r e l a t i n g  t h e  c h a r a c t e r i s t i c s  of t h e  m a t e r i a l s  
w i th  t h e  " f ee l "  of t he  pipe a s  i t  is  j e t t e d  i n t o  p o s i t i o n  he  can develop a  reason- 
ab ly  good log  of t h e  p r o f i l e .  

I n s t a l l a t i o n  of piezometers by j e t t i n g  i n  coa r se  sand o r  g r a v e l  r e q u i r e s  the 
a d d i t i o n  of d r i l l e r s  mud t o  t h e  wa te r  used f o r  j e t t i n g .  I f  t h i s  i s  no t  done t h e  
water  from t h e  j e t  flows i n t o  t h e  formation and t h e  s k i n  f r i c t i o n  on t h e  p ipe  
becomes too  g r e a t  f o r  i t  t o  be moved. I n  a r e a s  where t h i s  cond i t i on  is  p re sen t  
t he  equipment should i nc lude  an a d d i t i o n a l  water  t ank  f o r  mix ture  of t h e  d r i l l e r s  
mud. A pump w i l l  be  needed f o r  a g i t a t i o n  of t h e  mud, and a d d i t i o n a l  f i t t i n g s  a r e  
requi red  t o  permit  u t i l i z a t i o n  of e i t h e r  c l e a r  wa t e r  o r  t h e  water  and mud mixture  
i n  t h e  j e t t i n g  ope ra t i on .  
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Figure 2-10, Example of field sheet for piezometer log 



B a t t e r i e s  of piezometers .  - I n  a r e a s  where a r t e s i a n  p r e s su re s  a r e  suspected 
piezometers should be  i n s t a l l e d  i n  groups of 2 t o  4 piezometers of d i f f e r e n t  
l eng ths .  The number of piezometers  i n  each b a t t e r y  w i l l  be  dependent on t h e  
var ' ia t ions i n  t h e  s u b s o i l  p r o f i l e .  A piezometer should bottom out  i n  each 
s t r a tum of s i g n i f i c a n t l y  d i f f e r e n t  permeabi l i ty .  Where t h e  s u b s o i l  m a t e r i a l s  a r e  
e s s e n t i a l l y  t h e  same a t  l e a s t  two piezometers  should bottom out  a t  d i f f e r e n t  
dep ths  i n  o rde r  t o  determine t h e  d i r e c t i o n  of water  flow. 

S a l i n i t y  of ground water  
Drainage i n v e s t i g a t i o n s  i n  a r i d  and semi-arid a r e a s  should i nc lude  an inves t iga-  
t i o n  of s a l i n i t y .  It is assumed t h a t  i n  i r r i g a t e d  a r e a s  t h e  q u a l i t y  of i r r i g a t i o n  
water  is  known. I f  n o t ,  t h e  q u a l i t y  should be  determined. I n v e s t i g a t i o n  of s o i l  
s a l i n i t y  was d i scussed  on page 2-21. To supplement t h e  in format ion  obta ined  by 
t h a t  i n v e s t i g a t i o n  samples of ground water  should b e  ob ta ined  and t e s t e d  f o r  t o t a l  
s a l t  conten t .  These may b e  ob ta ined  from t h e  bo re  h o l e s  used t o  measure hyd rau l i c  
conduc t iv i t y .  A smal l  one-ounce sample b o t t l e  of water  i s  adequate  f o r  t h e  t e s t .  

I r r i g a t i o n  p r a c t i c e s  

I r r i g a t i o n  and a g r i c u l t u r a l  p r a c t i c e s ,  q u a l i t y  of i r r i g a t i o n  wa te r ,  p r ec ipa t i on ,  
and s a l i n i t y  a r e  t h e  p r i n c i p a l  f a c t o r s  which determine t h e  dra inage  c o e f f i c i e n t  
i n  an i r r i g a t e d  a r e a .  The procedure f o r  making t he  de te rmina t ion  i s  d iscussed  
i n  d e t a i l  i n  Chapter 4.  Information needed i nc ludes  p r e c i p i t a t i o n  r eco rds ,  
knowledge of crops t o  be  grown, q u a l i t y  of i r r i g a t i o n  water ,  s a l i n i t y  of  t h e  
s o i l ,  t h e  amount of water  t o  b e  app l i ed  each i r r i g a t i o n ,  t h e  frequency of i r r i g a -  
t i o n  and an  e s t ima te  of i r r i g a t i o n  water  l o s s e s .  The leaching  requirement ,  neces- 
s a r y  t o  t h e  maintenance of a  f avo rab l e  s a l t  ba lance ,  must be  included i n  t h e  water  
t o  be dra ined  b u t  i t  is  not  considered a  l o s s .  It should be  considered a  neces- 
s a r y  u se  of wa te r .  The amount of i r r i g a t i o n  water  app l i ed  and t h e  frequency of 
i r r i g a t i o n  can b e  ob ta ined  from farmer-rancher i n t e rv i ews .  I n  d i s t r i c t  o r  corpora- 
t i o n  type  e n t e r p r i s e s  t h i s  in format ion  can u s u a l l y  b e  ob ta ined  from t h e  p r o j e c t  
manager's o f f i c e .  Data on t h e  leaching  requirement and deep p e r c o l a t i o n  l o s s e s  
can b e  ob ta ined  from an  a n a l y s i s  of c rops  grown and i r r i g a t i o n  water  q u a l i t y  and 
from consumptive use  s t u d i e s  i n  t h e  l o c a l  a r e a .  Data on f i e l d  d i t c h  l o s s e s  can 
b e  ob ta ined  from a c t u a l  measurements made, o r  may b e  a v a i l a b l e  from i r r i g a t i o n  
p r o j e c t  r eco rds .  F i e l d  d i t c h  l o s s e s  a r e  u s u a l l y  minor and vary i n  t h e  gene ra l  
range of f i v e  t o  t e n  percent  of t h e  f i e l d  de l i ve ry .  I n  t h e  absence of d a t a  on 
d i t c h  l o s s e s  they  can u sua l l y  b e  es t imated  a t  about e i g h t  percent  wi thout  i n t r o -  
ducing s e r i o u s  e r r o r .  

I n v e s t i g a t i o n  of e x i s t i n g  systems of bu r i ed  d r a i n s  

I n v e s t i g a t i o n  of o l d  d r a i n  i n s t a l l a t i o n s  is sometimes necessary  t o  determine 
f e a s i b i l i t y  of r e h a b i l i t a t i n g  o r  adding them t o  o t h e r  systems,  o r  us ing  them a s  
o u t l e t s  f o r  new systems. Of ten ,  i n v e s t i g a t i o n  of such d r a i n s  is almost  e n t i r e l y  
a  probing and d igging  ope ra t i on .  

P r i o r  t o  making t h e  f i e l d  i n v e s t i g a t i o n ,  i t  is  d e s i r a b l e  t h a t  a l l  p o s s i b l e  sources  
of in format ion  on t h e  o l d  system b e  explored.  These would i nc lude  o l d  construc-  
t i o n  p l a n s ,  r e co rds  and d i a r i e s ,  and t h e  comments of knowledgeable i n h a b i t a n t s .  
S o i l  su rveys ,  farm conserva t ion  p l a n s ,  and a e r i a l  photographs may r e v e a l  informa- 
t i o n  a l s o .  A e r i a l  photographs taken a f t e r  heavy r a i n f a l l  o r  per iods  of h igh  
water  may r e v e a l  t h e  gene ra l  l o c a t i o n  of t h e  system through l i g h t e r  co lo r ing  of 
d r i e r  s o i l s  immediately over  t h e  d r a i n s  o r  d i f f e r e n c e s  i n  co lo r  o r  d e n s i t y  of 
v e g e t a t i v e  growth. 



By use  of meta l  p robes ,  exac t  l o c a t i o n  of l i n e s  can be  found and i n spec t i on  p i t s  
opened up along t he  l i n e ,  u sua l l y  a t  about  500-foot i n t e r v a l s .  From t h e s e  loca-  
t i o n s ,  t h e  depth ,  g rade  and s i z e  of d r a i n ,  amount of si l t  and r o o t  growth i n  i t ,  
and t h e  cond i t i on  of d r a i n  m a t e r i a l  can b e  appra i sed .  Need f o r  a d d i t i o n a l  
i n s p e c t i o n  p i t s  is determined from what appears  t o  be  wrong wi th  t h e  d r a in .  Poor 
grade ,  such a s  h igh  and low p laces  i n  t h e  d r a i n ,  would r e q u i r e  c l o s e r  spacing of 
p i t s  than  would uniform d e p o s i t s  of s i l t .  Sur face  s i n k s  over  l i n e s  a r e  ind iea-  
t i v e  of broken t i l e  o r  excess ive  cons t ruc t i on  gaps between t i l e .  Ris ing  water  
i n  an  i n s p e c t i o n  p i t  would i n d i c a t e  b locks  i n  t h e  d r a i n  f u r t h e r  downstream. I f  
a  few openings show cracked o r  broken t i l e ,  enough t i l e  must be uncovered t o  
determine whether t h e  l i n e  should be  sa lvaged .  

I f  s i l t  d e p o s i t s  occupy a  s u b s t a n t i a l  p a r t  of t h e  d r a i n  c r o s s  s e c t i o n  and extend 
throughout much of t h e  l i n e ,  cons ide ra t i on  should b e  given t o  c lean ing  t h e  l i n e  
o r  t o  r ep l ac ing  i t .  Accumulation of chemical d e p o s i t s ,  such a s  i r o n  and manganese 
ox ides ,  i n  t h e  d r a i n  and d r a i n  openings a l s o  may make a  d r a i n  i n e f f e c t i v e .  It i s  
u s u a l l y  cheaper t o  i n s t a l l  a new d r a i n  than  t o  d i g  up, c l ean ,  and r e l a y  an 
e x i s t i n g  smal l  l i n e .  However, s a lvage  of d r a i n s  may be accomplished by c l ean ing  
t h e  d r a i n  i n  p l ace  w i th  s p e c i a l  j e t t i n g  equipment. This  equipment uses  h igh  
v e l o c i t y  water  j e t s  from a nozz le  on a  h igh  p re s su re  hose i n s e r t e d  i n  t h e  l i n e  
from the  o u t l e t  end t o  d i s l odge  and f l u s h  si l t  and s ludge  from t h e  d r a in .  
Treatment w i th  s u l f u r  d iox ide  gas may b e  needed f o r  r e h a b i l i t a t i o n  of d r a i n s  
a f f e c t e d  by chemical d e p o s i t s .  See Chapter 4 ,  page 121. 

S u f f i c i e n t  amounts of s o i l  a r e  exposed i n  t h e  process  of e s t a b l i s h i n g  i n spec t i on  
p i t s  t o  provide checks on s o i l  t e x t u r e  and d r a i n  spacing requirements .  

Observat ion of t h e  type  of d r a i n  f a i l u r e  a l s o  i n d i c a t e s  cause of f a i l u r e .  For 
example, l o n g i t u d i n a l  b reaks  a t  q u a r t e r  p o i n t s  on t h e  circumference of a t i l e  
d r a i n  a r e  i n d i c a t i v e  of expansion of f r e e z i n g  water  i n  t h e  l i n e  o r  excess ive  
load ing .  

Thus, inadequacies  of des ign  a r e  revea led  from t h e  l o c a t i o n ,  dep th ,  grade and 
s i z e  of d r a i n  and absence of e s s e n t i a l  a u x i l i a r y  measures, such a s  s i l t  t r a p s ,  
e t c .  Poor al ignment ,  wavy p r o f i l e ,  and d e f e c t i v e  d r a i n s  r e v e a l  inadequacy of 
c o n s t r u c t i o n  and m a t e r i a l s .  Presence of s i n k  ho l e s ,  f i l l e d  s i l t  t r a p s ,  and 
s u r f a c e  washes over  l i n e s  may i n d i c a t e  inadequate  des ign ,  l a c k  of s u i t a b l e  f i l t e r  
around t h e  d r a i n ,  poor cons t ruc t i on ,  and inadequate  maintenance. F i l l e d  and 
overgrown o u t l e t  channels  r e v e a l  inadequate  maintenance. 
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AF'PENDIX A 

TYPICAL OUTLINE FOR PRELIMINARY SURVEY 

This  t y p i c a l  survey o u t l i n e  i l l u s t r a t e s  t h e  d e t a i l  which is normally requi red  
f o r  t h e  engineer ing  survey f o r  development of a  watershed work p l an  f o r  a  f l a t  
land watershed.  The c r i t e r i a  l i s t e d  is  f o r  i l l u s t r a t k o n  only ,  bu t  i t  i s  t y p i c a l  
f o r  t h e  fo l lowing  type of watershed:  

1. S o i l s  a r e  s lowly permeable. Permeabi l i ty  is gene ra l l y  l e s s  than  0.5 
i nch  pe r  hour. 

2.  Slopes a r e  f l a t  - l e s s  than  fou r  f e e t  per  mi le .  

3 .  The watershed i s  moderately w e l l  developed f o r  a g r i c u l t u r e .  A l a r g e  
percentage  is  c u l t i v a t e d ,  w i th  t he  r e s t  i n  woodland, p a s t u r e ,  and 
misce l laneous .  

4.  Some dra inage  improvements have been made, bu t  due t o  l a c k  of organiza-  
t i o n  and f inanc ing ,  maintenance has  been neglec ted  and t h e  p r e sen t  d ra in-  
age s i t u a t i o n  i s  poor. 

5. P r i n c i p a l  crops a r e  r i c e ,  c o t t o n ,  and soybeans. 

OUTLINE FOR SURVEY 
of t h e  

CYPRESS BAYOU WATERSHED, SUTTON COUNTY 
MIDDLESTATE 

May 19 71 

I. Objec t ives  : 

A. Determine ex t en t  of a r e a  needing f l ood  prevent ion  and dra inage  and ade- 
quacy of t h e  o u t l e t  f o r  d e s i r e d  improvements. 

B. Locate  and design p r i n c i p a l  f e a t u r e s  of a  f lood  prevent ion  and dra inage  
system which w i l l  remove w i t h i n  one day a f t e r  c e s s a t i o n  of r a i n  t h e  
runoff  from 48-hour, 2-year frequency s torms.  

C. Es t imate  t h e  q u a n t i t i e s  and c o s t s  of t h e  improvements needed t o  meet t h e  
o b j e c t i v e  i n  B above. 

1. Break down t h e  e s t i m a t e  i n t o  t h e  p a r t  needed f o r  group f a c i l i t i e s  
( d i sposa l  system) and t h e  p a r t  needed f o r  on-farm improvements 
( c o l l e c t i o n  system). 

a. Group f a c i l i t i e s  should be  extended t o  a  minimum 160 a c r e s  
dra inage  a r e a ,  b u t  no t  beyond t h e  p o i n t  where l e s s  than  two 
landowners a r e  b e n e f i t e d .  

b .  On-farm o r  c o l l e c t i o n  system should i nc lude  a l l  f a c i l i t i e s ,  o t h e r  
than  t hose  inc luded  a s  group f a c i l i t i e s ,  which a r e  needed t o  meet 
t h e  o b j e c t i v e  l i s t e d  above. 



11. Data p r e s e n t l y  a v a i l a b l e :  

(Th is  is u s u a l l y  l i s t e d  i n  t h e  r e p o r t  of P r e l i m i n a r y  I n v e s t i g a t i o n .  It i s  
l i s t e d  h e r e  a s  an  example of t h e  t y p e  of d a t a  which is  u s e f u l  on a survey  
of t h i s  type.)  

A. A e r i a l  photographs,  1968 f l i g h t  - 8It/mi. a l t e r n a t e s  and 3.167"/mi. 
c o n s e c u t i v e s  ( c o n t a c t  p r i n t s ) .  

Complete coverage of t h e  watershed.  

B .  Maps: 

1. S u t t o n  County Highway Map--scale 112 inch  e q u a l s  1 m i l e .  

2. U .  S.  Corps of Engineers  quadrang le  maps: DeQueen, 1954; Golden, 
1941; G i l m e r ,  1935; and Vaness ,  1935--scale 1162,500--5' contour  
i n t e r v a l  - complete coverage.  

3. Cypress Bayou Watershed Map--scale 2 i n c h e s  e q u a l s  1 m i l e .  

4 .  Genera l i zed  s o i l s  map--Sutton County SCD--scale 1 i n c h  e q u a l s  1 m i l e .  

5. Approximately 60 p e r c e n t  coverage s t a n d a r d  s o i l  su rveys .  

C .  Surveys: 

1. U.S.C. & G.S., c o n t r o l  l e v e l i n g ,  f i r s t  order--DeQueen West, Gilmer 
t o  DeQueen t o  Al ton  t o  Sanford ,  Sanford t o  Big Bayou, and Alton West. 

2. U.S.C.E., BM data--DeQueen, Golden, G i l m e r ,  and Vaness quadrang les .  

D.  Records and r e p o r t s :  

1. Hause Document N o . ,  - t h  Congress 1st S e s s i o n ,  Blue and S a l t  
R ivers  and T r i b u t a r i e s ,  M i d d l e s t a t e ,  1967. 

2 .  U.S.C.E. s t r e a m  gage data--Big Bayou n e a r  Vaness,  and a t  Big Bayou 
f l o o d g a t e ,  U .  S. Army Engineer  D i s t r i c t ,  Vicksburg. 

111. Data  t o  b e  developed:  

A .  Land u s e  and c a p a b i l i t y  map. 

B. Drainage a r e a  map of watershed--to b e  added t o  Cypress Bayou Watershed 
Map. Watershed boundar ies  of a l l  mains and l a t e r a l s  should be d e l i n e a t e d .  

C .  P r o j e c t  map of watershed--to show a l l  p r i n c i p a l  f e a t u r e s  of t h e  recom- 
mended p l a n  of improvement. 

D .  Land ownership map. 

E .  P l a n s ,  p r o f i l e s ,  c r o s s  s e c t i o n s ,  and o t h e r  d e s i g n  d a t a  of a l l  mains and 
l a t e r a l s  t o  b e  inc luded  i n  t h e  p l a n  of improvement. 

F. Design d a t a  f o r  a l l  appur tenan t  s t r u c t u r e s  f o r  mains and l a t e r a l s  and f o r  
o t h e r  f e a t u r e s  of t h e  p l a n  of improvement f o r  t h e  wate rshed .  
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G .  E s t i m a t e  of q u a n t i t i e s  and c o s t s  f o r  a l l  f e a t u r e s  of t h e  p l a n .  

H.  Report  of t h e  survey and i n v e s t i g a t i o n  i n c l u d i n g  recommendations and any 
i n f o r m a t i o n  needed f o r  work p l a n  development.  Data  A - G i n c l u s i v e  t o  
b e  a t t a c h e d  a s  appendixes  t o  t h e  r e p o r t .  

I V .  Proposed sequence of su rvey  and i n v e s t i g a t i o n :  

From s t u d y  of g e n e r a l i z e d  and d e t a i l e d  s o i l s  maps and a e r i a l  photographs,  
de te rmine  l a n d  u s e ,  l a n d  c a p a b i l i t y ,  and a r e a  needing d r a i n a g e .  

1. Informat ion  from s t a n d a r d  s o i l  su rveys  t o  be expanded t o  cover  t h e  
watershed accord ing  t o  t h e  g e n e r a l i z e d  s o i l s  map and a e r i a l  photo- 
g raphs .  

2 .  Map t o  b e  p repared  on Cypress Bayou wate rshed  b a s e  map showing a r e a s  
which w i l l  b e n e f i t  from f l o o d  p r e v e n t i o n  and improved d r a i n a g e .  
T a b u l a t i o n  of l and  u s e  accord ing  t o  s o i l s  t o  b e  developed a s  b a s i s  
f o r  e s t i m a t i n g  b e n e f i t s .  

By s t u d y  of quadrang le  maps and a e r i a l  photographs l o c a t e  e x i s t i n g  main 
d i t c h e s  and p r i n c i p a l  l a t e r a l s .  

I. Loca te  t h e s e  on a l t e r n a t e  c o n t a c t - p r i n t  a e r i a l  photographs.  I d e n t i f y  
each main s t r e a m  o r  d i t c h  by a  Roman number, Also g i v e  each d i t c h  
i t s  l o c a l  name, i f  any. Number each l a t e r a l  i n  a  way which w i l l  
i d e n t i f y  i t  w i t h  i t s  o u t l e t .  

Loca te ,  number, and g i v e  e l e v a t i o n s  of benchmarks w i t h i n  t h e  watershed 
and v i c i n i t y  on a  county highway map. Data l i s t e d  i n  I I C  above t o  b e  
i n c l u d e d .  

Sketch watershed boundar ies  on t h e  c o n t a c t - p r i n t  a e r i a l  photographs from 
d a t a  on quadrang le  maps and a e r i a l  photographs.  Check t h e s e  boundar ies  
on t h e  ground a s  t h e  survey  p r o g r e s s e s .  Cor rec t  where necessa ry .  Make 
a  l e v e l  survey where needed t o  d e l i n e a t e  boundar ies .  

Obta in  d a t a  from U .  S .  Army Engineer  D i s t r i c t ,  Vicksburg,  concerning 
o u t l e t  f o r  Cypress Bayou i n t o  B i g  Bayou. 

1. From t h e  Corps of Engineers  s tudy  of w a t e r  s u r f a c e  p r o f i l e s  - p r e s e n t  
and p r o j e c t e d  - f o r  B i g  Bayou, f o r  t h e  two-year and f ive -year  f requency 
s t o r m s ,  determine t h e  adequacy of Big Bayou a s  t h e  o u t l e t  f o r  t h e  
proposed improvements. 

E s t a b l i s h  a d d i t i o n a l  temporary benchmarks (TBM1s) on t h e  North-South roads  
which a r e  g e n e r a l l y  p a r a l l e l  t o  t h e  main s t reams  and a long  t h e  e a s t  and 
wes t  s i d e s  of t h e  wate rshed .  These TBM1s a r e  t o  b e  numbered and i d e n t i f i e d  
s o  t h e y  can  b e  used i n  subsequent  s u r v e y s .  

1. Loca te  TBM1s a t  i n t e r v a l s  of approximately  1 m i l e  and a t  i n t e r s e c t i o n s  
w i t h  East-West roads .  

2. C lose  l i n e s  of d i f f e r e n t i a l  l e v e l s  w i t h  an a l l o w a b l e  e r r o r  
o f  f 0.05 J ~ e n ~ t h  of l i n e  i n  m i l e s .  
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G .  V i sua l l y  i n s p e c t  a l l  main and l a t e r a l  d i t c h  l o c a t i o n s .  

1. Est imate e x i s t i n g  roughness c o e f f i c i e n t s  of d i t c h e s  which apparen t ly  
have an adequate  c r o s s  s e c t i o n .  

2 .  Check l o c a t i o n  of d i t c h e s  p r ev ious ly  sketched on a e r i a l  photographs - 
c o r r e c t  where necessary.  Improve alignment a s  needed. Obtain neces- 
s a r y  in format ion  on fences ,  i r r i g a t i o n  flumes, dams, o r  any obstruc-  
t i o n  i n  t h e  d i t c h e s  which w i l l  a f f e c t  t h e  de s ign  o r  c o s t  of t h e  
improvements. Record on a e r i a l  photographs o r  i n  notebook a s  r equ i r ed .  

3 .  Examine e x i s t i n g  d i t c h e s  f o r  any evidence of i n s t a b i l i t y  - e ros ion  o r  
sed imenta t ion .  

4.  Est imate d e n s i t y  and ex t en t  of c l e a r i n g  requi red  f o r  improving channel  
c apac i t y .  

5. Locate and d e s c r i b e  a l l  u t i l i t y  l i n e s  c ro s s ing  t he  d i t c h e s .  

H. Make a  f i e l d  survey.  

Obtain c r o s s  s e c t i o n s  of main d i t c h e s  and l a t e r a l s  a t  i n t e r v a l s  of 
approximately one mi le ;  a t  major s t r u c t u r e s  a s  b r idges ;  where substan-  
t i a l  changes i n  c r o s s  s e c t i o n  o r  depth  a r e  ev iden t ;  and below t h e  en- 
t r ance  of a l l  major t r i b u t a r i e s .  Take r e p r e s e n t a t i v e  c r o s s  s e c t i o n s  
a t  each proposed real ignment .  Use t h e  E - W roads  t o  run l e v e l s  t o  
c a r r y  e l e v a t i o n s  from e s t a b l i s h e d  TBM's t o  t h e  l o c a t i o n s  s e l e c t e d  
f o r  c r o s s  s ec t i on ing .  

Determine h o r i z o n t a l  l o c a t i o n  of c r o s s  s e c t i o n s  on mains and l a t e r a l s  
by map wheel o r  s c a l i n g  from a e r i a l  photographs. Measure from o u t l e t  
upstream i n  m i l e s  t o  n e a r e s t  hundredth. Cross s e c t i o n s  must be 
accu ra t e ly  surveyed and l oca t ed  t o  be used wi th  t h e  des ign  survey.  

E s t a b l i s h  temporary benchmarks i n  s t r a t e g i c  l o c a t i o n s  near  t he  s i t e  
of each c r o s s  s e c t i o n .  

Check p rev ious ly  l oca t ed  watershed d i v i d e s ,  when running l e v e l s  t o  
ob t a in  c r o s s  s e c t i o n s ,  and make c o r r e c t i o n s  where needed. 

Determine t h e  l o c a t i o n ,  type ,  s i z e ,  and cond i t i on  of a l l  b r i dges ,  
c u l v e r t s ,  and flumes on mains and l a t e r a l s .  Obtain c r o s s  s e c t i o n s ,  
e l e v a t i o n s  of unders ide  of s t r i n g e r s  and bottom of f o o t i n g s ,  i n v e r t  
e l e v a t i o n s  of a l l  c u l v e r t s ,  and e l e v a t i o n s  of road s u r f a c e s  a t  
b r i dges  and c u l v e r t s .  Information should be adequate  t o  determine t he  
adequacy of s t r u c t u r e  i n  i t s  p re sen t  cond i t i on  o r  approximate c o s t  of 
a l t e r a t i o n  o r  replacement i f  necessary .  

Determine h igh  water  e l e v a t i o n s  of main d i t c h e s  and s treams where 
pos s ib l e .  

Obtain s o i l  p r o f i l e  a t  each d i t c h  c r o s s  s e c t i o n  taken  - - on mains 
t o  minimum depth of 10 f e e t ;  below i n t e r s e c t i o n  of Cypress and Muddy 
Bayous t o  minimum depth of 15  f e e t ;  and on a l l  l a t e r a l s  t o  minimum 
depth of 6 f e e t .  A l l  dep ths  g iven  a r e  below normal ground l e v e l .  



I.  P l o t  e x i s t i n g  c r o s s  s e c t i o n s  and p r o f i l e s  of mains and l a t e r a l s  surveyed. 

1. For c r o s s  s e c t i o n s  u s e ' h o r i z o n t a l  and v e r t i c a l  s c a l e s  of 1 inch  equa ls  
10  f e e t  except  f o r  unusua l ly  l a r g e  s e c t i o n s  where a  s c a l e  of 1 inch  
equa l s  20 f e e t ,  h o r i z o n t a l l y  and v e r t i c a l l y  may be p r e f e r ab l e .  A l l  
s e c t i o n s  should be  l oca t ed  on c ross -sec t ion  s h e e t  i n  t he  proper  se- 
quence. Sca l e s  used a r e  t o  be c l e a r l y  i nd i ca t ed .  (use  10 x  10 paper . )  

2 .  For p r o f i l e s  use  a  h o r i z o n t a l  s c a l e  of 1 inch  equa ls  2000 f e e t  and a  
v e r t i c a l  s c a l e  of 1 inch  equa l s  4  f e e t .  (Use 4  x  20 paper . )  

3. On p r o f i l e s  show normal ground (low s i d e ) ,  spo t  e l e v a t i o n s  and d i s -  
t ances  from d i t c h  of c o n t r o l  p o i n t s ,  and e x i s t i n g  d i t c h  bottom. P l o t  
t h e  l ogs  of s o i l  bor ings .  For s t r u c t u r e s  p l o t  t h e  e l e v a t i o n s  of 
unders ide  of s t r i n g e r s ,  roadbed, bottom of d i t c h  under b r idges  o r  
i n v e r t  of c u l v e r t  and bottom of s t r u c t u r e  f o o t i n g .  Give b r i e f  
d e s c r i p t i o n  of s t r u c t u r e s  ( a s  wood deck,  conc re t e  abutments,  e t c . )  
inc lud ing  s i z e .  Give type  and e s t ima te  of r i p r a p ,  i f  any. 

J .  Complete l o c a t i o n  of mains and l a t e r a l s  on watershed map. Use co r r ec t ed  
l o c a t i o n s  sketched on con t ac t -p r in t  a e r i a l  photographs. Correc t  s t a t i o n -  
i ng  a s  r equ i r ed .  Add l a t e r a l s  and extend e x i s t i n g  l a t e r a l s  t o  g i v e  
coverage t o  watershed a s  o u t l i n e d  i n  ICla.  

K. Compute dra inage  a r e a s  a t  a l l  c ro s s - s ec t i on  l o c a t i o n s .  

L. Determine r a i n f a l l  excess  - R - from a 2-year frequency,  48-hour storm 
and compute t h e  C f o r  t h e  coeFf i c i en t  f o r  s u r f a c e  dra inage ,  Q = CM =I6,  
by t h e  r e l a t i o n  C = 16.39 + 14.75 Re/2. 

M.  Compute capac i t y  requi red  a t  a l l  c r o s s  - s ec t i on  l o c a t i o n s  based on t h e  
Cypress Creek Formula thus  developed. 

N .  E s t a b l i s h  hyd rau l i c  g r a d e l i n e s  f o r  good d ra inage  of t he  watershed,  g iv ing  
due cons ide ra t i on  t o  water  s u r f a c e  e l e v a t i o n  of t h e  o u t l e t .  (See Chapter 
5) - 

0 .  Complete des ign  of d r a inage  system. 

1. Check c a p a c i t i e s  of e x i s t i n g  mains and l a t e r a l s - - i nc lud ing  b r idges  
and culverts--using t h e  e x i s t i n g  roughness c o e f f i c i e n t .  Eva lua te  
t h e  j unc t i ons  of mains and l a t e r a l s  inc lud ing  t h e  need f o r  s i d e  i n l e t  
s t r u c t u r e s .  

2.  Where e x i s t i n g  s e c t i o n s  a r e  inadequate ,  compute t h e  s i z e  r equ i r ed .  
Vary s i d e  s l opes  a s  r equ i r ed  f o r  s t a b i l i t y ,  hyd rau l i c  e f f i c i e n c y  
and maintenance requirements .  Propor t ion  bottom widths and depth 
f o r  b e s t  hyd rau l i c  e f f i c i e n c y ,  w i t h i n  requirements  f o r  channel  
s t a b i l i t y .  

3 ,  Based on s o i l  c h a r a c t e r i s t i c s  determine s t a b i l i t y  of proposed channel 
by method of a l lowable  v e l o c i t i e s  a s  p r e sc r ibed  i n  Engineering Standard 
f o r  Open Channel, Code 582. 

4 .  Compute s i z e s  of b r idges  and c u l v e r t s  which must be  rep laced .  Design 
c u l v e r t s  t o  ca r ry  25 percent  more flow a t  t h e  hyd rau l i c  grade  l i n e  



t h a n  d i t c h  i s  designed f o r .  For  b r i d g e  rep lacements ,  d e s i g n  bottom 
of  s t r i n g e r s  t o  be  a  minimum of one f o o t  above t h e  h y d r a u l i c  g rade  
l i n e  and t h e  l e n g t h  t o  span  t h e  t o p  wid th  of proposed d i t c h .  

P. P l o t  t h e  proposed s e c t i o n s  superimposed on o r i g i n a l  c r o s s  s e c t i o n s  and 
compute yardage  of r e q u i r e d  e x c a v a t i o n .  P l o t  proposed bottom on p r o f i l e .  
Add n o t e s  t o  p r o f i l e  concerning s t r u c t u r e  a l t e r a t i o n s  o r  replacements  
necessa ry .  

Q .  E s t i m a t e  q u a n t i t i e s  and c o s t  of t h e  proposed improvement: c l e a r i n g ,  
c l e a r i n g  and s h a p i n g ,  channel  e x c a v a t i o n  and d i s p o s i t i o n  of s p o i l ,  
b r i d g e s ,  c u l v e r t s ,  g rade  s t a b i l i z a t i o n  s t r u c t u r e s ,  e r o s i o n  c o n t r o l  
s t r u c t u r e s  f o r  s i d e  wate r  i n l e t s ,  w a t e r g a t e s  f o r  c r o s s  f e n c e s ,  i r r i g a t i o n  
f lumes,  o t h e r  appur tenan t  s t r u c t u r e s .  Base e s t i m a t e  on c u r r e n t  S t a t e  
s t a n d a r d s  and s p e c i f i c a t i o n s .  

R. Es t imate  right-of-way r e q u i r e d  and show wid ths  r e q u i r e d  by m i l e  l o c a t i o n  
on t h e  p r o f i l e  s h e e t .  

S. P r e p a r e  r e p o r t .  

V. P e r s o n n e l  r e q u i r e d .  F i e l d  work t o  s t a r t  10 /4 /71  

Personne l  Da tes  

Engineer  GS-13 

Engineer  GS-12 

Engineer  GS-11 

Engineer  GS-9 
( F i e l d  and o f f i c e  50-50) 

G e o l o g i s t  GS-9 

Aid GS-6 ( O f f i c e )  

Aid GS-6 (Survey p a r t y )  

Aid GS-5 (Survey p a r t y )  

2 Aids  WAE (Survey p a r t y )  

2 Aids  WAE 
(Geolog is t  's h e l p e r s )  

Complete f i e l d  work 

Complete p l o t t i n g ,  d e s i g n ,  

Complete r e p o r t  

11 /22 /71  - 12/17 /71  

12 /17 /71  

and e s t i m a t e s  1 /7 /72  

1 /21 /72  

F u l l  t i m e  

F u l l  t ime 

F u l l  t ime 

F u l l  t i m e  

F u l l  t ime 

F u l l  t i m e  

F u l l  t i m e  

Man Days 

4  

9 

3 6 

75 

2 0 

7  5 

5 5 

5 5 

110 

4 0 



VI. Equipment. (Normally only equipment no t  on hand by t h e  survey p a r t y  w i l l  b e  
l i s t e d .  This  l i s t  might be  r equ i r ed  t o  s e t  up a  new pa r ty . )  

A. Automotive. 

Pickup, equipped wi th  t r a i l e r  h i t c h ,  - Engineer GS-9 

S t a t i o n  wagon - survey p a r t y  

Truck w/power auger ,  f u l l y  equipped (See Guide t o  Geologic S i t e  Explora t ion ,  
South RTSC Area) ,  Geologist  GS-9 

B. Boat and appurtenant  equipment. 

1.2-foot f l a t  bottom aluminum boa t  on t r a i l e r  

7-112 HP outboard motor 

4 L i f e  p r e se rve r s  

2 Oars - sounding weight - 200' s t e e l  w i r e ,  11 ga.  

C .  Equipment f o r  survey pa r ty .  

1 Engineers '  l e v e l ,  w / t r i pod  and ca r ry ing  c a s e  

2 - 1 4 '  Ph i l ade lph i a  l e v e l  r ods  

1 - 100'  s t e e l  t ape  

2 - 50'  m e t a l l i c  t apes  

1 - Tapewri ter  wi th  aluminum t a p e  

2 - Hand axes wlscabbards 

2 - Pole  axes ,  s i n g l e  b i t  

1 - 6-lb. s l edge  hammer 

2 - Machetes wlscabbards 

1 - Shovel,  sharpshooter  

6  - Aluminum h a t s ,  v i s o r  type  

6 - p r .  h i p  b o o t s ,  (Lightweight ,  s i z e s  t o  f i t  personnel)  

Notebooks, p e n c i l s ,  lumber crayons,  s t a k e s ,  f l agg ing  m a t e r i a l ,  30d n a i l s ,  

water  can ,  i n s e c t  r e p e l l e n t ,  c l i p  boards ,  c a r ry ing  ca se  f o r  con t ac t  p r i n t  

a e r i a l  photographs, f i r s t  a i d  k i t ,  10 pocket-type snakeb i t e  k i t s .  



D. O f f i c e  equipment.  
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General 

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

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

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

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

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

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



Surface-Drainaae Systems 

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

1. F i t  t h e  farming system. 

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

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

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

The random system 

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

The p a r a l l e l  system 

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

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

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



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

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

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



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

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

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

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

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

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

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

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



D i t c h  

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



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

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

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

Types and Functions of Surface-Drainage Ditches 

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

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

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

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

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

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

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

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



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

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

Disposal d i t c h e s  

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

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

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

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

Land Forming 

Mechanically changing the  land sur face  i n  order  t o  d r a i n  sur face  water i s  
known a s  land forming. It may be done by smoothing, grading,  bedding, o r  
leve l ing .  Any of these  methods, properly used, w i l l  r e s u l t  i n  b e t t e r  sur -  
face  drainage.  
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S m o o t h  o r  g r a d e  a r e a  b e t w e e n  d i t c h e s  U s e  e x c a v a t e d  m a t e r i a l  f r o m  d i t c h e s  
f i l l i n g  d e p r e s s i o n s  a n d  r e m o v i n g  b a r r i e r s .  t o  f i l l  l a r g e r  d e p r e s s i o n s  o r  w a s t e  

U n i f o r m  s l o p e  n o t  n e c e s s a r y .  I m p o r t a n t  
o n  d o w n h i l l  s i d e  o f  d i t c h  

t h a t  a 1  l r o w s  d r a i n  f r o m  d i t c h  t o . d i  t c h .  

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

\ p a r a 1  l e l  d i  t c h e s  d e s i g n e d  t o  c a r r y  d r a i n a g e  r u n o f f  / I 
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b e t w e e n  f i e l d  d i t c h e s  b y  c u t t i n g  f r o m  d i t c h e s  a n d  f i l l i n g  
t o w a r d  c e n t e r  o f  l a n d  b e t w e e n  d i t c h e s .  
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Land smoothing 

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

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

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

Land grading  

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

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

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

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

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



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

Bedding 

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

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

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

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

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

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

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

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

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

The su r face  runoff from crop rows on a l l  types of bedding i s  drained t o  the  
dead furrows o r  d i t c h e s  by shallow row d i t c h e s  cu t  across  low p laces  i n  t he  
beds o r  a t  regular  i n t e r v a l s .  The dead furrows o r  d i t c h e s  between beds a r e  
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graded t o  an o u t l e t .  Where row water d ischarges  i n t o  deeper d i t c h e s  o v e r f a l l  
p r o t e c t i o n  may be requi red  t o  prevent e ros ion .  

Land l e v e l i n g  

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

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

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

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

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

Subsurface drainage systems usual ly  remove some su r face  water a l so .  However, 
a j o i n t  system of su r f ace  d i t c h e s  and subsurface d ra ins  w i l l  b e n e f i t  crops 
where to l e rance  t o  s tanding  water i s  low and where water may be trapped above 
a l e s s  permeable l a y e r  i n  which subsurface d r a i n s  a r e  placed.  In  a j o i n t  
system, su r f ace  d i t c h e s  a r e  i n s t a l l e d  as prescr ibed  i n  t h i s  chapter .  Sub- 
su r f ace  d ra ins  a r e  i n s t a l l e d  a s  prescr ibed  i n  chapter  4.  
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F i g u r e  3-14,  T y p i c a l  l a y o u t  - i n d i v i d u a l  rice farm i r r i g a t i o n  and d r a i n a g e  sys tem 
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CHAPTER 4.  SUBSURFACE DRAINAGE 

In t roduc t ion  

This  chap te r  covers subsur face  dra inage  i n  both humid and a r i d  a r e a s  of t he  
United S t a t e s .  The d i v i s i o n  between the  subhumid and the  semiarid a r e a s  i s  
approximately t he  100th meridian.  The boundary sepa ra t ing  the  subhumid from 
t h e  dry  l ands  r ece ives  c l o s e  t o  1 8  inches  of p r e c i p i t a t i o n  i n  t he  n o r t h  and 
about 25 inches  i n  Texas (1) .  The c o a s t a l  a r e a s  of t h e  P a c i f i c  Northwest, 
t h e  Gulf Coast,  and smal l  s c a t t e r e d  a r eas  w i th in  t he  intermountain reg ion  a r e  
humid a r e a s  w i th  average r a i n f a l l  over 20 inches .  I r r i g a t e d  a r e a s  i n  t h e  
United S t a t e s  a r e  l a r g e l y  i n  t h e  a r i d  and semiar id  po r t i ons  of t h e  country.  

Chapter 2 ,  Drainage I n v e s t i g a t i o n s ,  of t h i s  Nat iona l  Engineering Handbook 
d i scus ses  i n v e s t i g a t i o n s  and surveys  commonly used i n  a g r i c u l t u r a l  d ra inage  
ope ra t ions .  Reference w i l l  be  made t o  Chapter 2 f o r  information i n  regard 
t o  gene ra l  methods and techniques f o r  conducting these  i n v e s t i g a t i o n s .  This  
chapter  supplements t he  information i n  Chapter 2 wi th  more d e t a i l e d  i n fo r -  
mation on c e r t a i n  phases of dra inage  i n v e s t i g a t i o n s .  Subsurface-drainage 
cond i t i ons ,  d ra inage  b e n e f i t s ,  planning,  des ign ,  m a t e r i a l s ,  i n s t a l l a t i o n ,  and 
maintenance w i l l  be d iscussed  i n  t h i s  chapter .  

I n  most humid a r e a s ,  many yea r s  of experience wi th  subsur face  dra inage  i n s t a l -  
l a t i o n  have provided the  main b a s i s  f o r  determining drainage requirements  f o r  
var ious  s o i l  types and problem a reas .  Spec i a l  i n v e s t i g a t i o n s  a r e  necessary 
f o r  dra inage  of s o i l s  where exper ience  is  lacking .  

There a r e  some d i f f e r ences  i n  t h e  cause,  e f f e c t ,  and s o l u t i o n s  of dra inage  
problems i n  t h e  a r i d  and semiar id  r eg ions ,  b u t  i n  gene ra l  t he  i n v e s t i g a t i o n a l  
methods, des ign ,  cons t ruc t ion ,  and maintenance a r e  s i m i l a r .  I n  a r e a s  where 
t h e r e  have been many years  of dra inage  exper ience ,  i n v e s t i g a t i o n s  may be  
s tandard ized  and rout ine .  Where experience has  been l imi t ed  o r  s p e c i a l  
problems e x i s t ,  more ex tens ive  i n v e s t i g a t i o n s  a r e  necessary.  High water  
t a b l e s ,  seepage,  s o i l  s a l i n i t y  and/or  a l k a l i n i t y  a r e  problems t h a t  u sua l ly  
r e q u i r e  s p e c i a l  i n v e s t i g a t i o n  and cons idera t ion .  

General 

D e f i n i t i o n  and purpose of subsur face  dra inage  

Subsurface dra inage  i s  defined as the  removal of excess ground water  below 
the  ground su r f ace .  I n  many wet a r e a s  both s u r f a c e  and subsur face  dra inage  
a r e  r equ i r ed .  Surface d i t ches  a r e  necessary t o  remove excess runoff  from 
p r e c i p i t a t i o n  and t o  d ispose  of su r f ace  flow from i r r i g a t i o n .  These su r f ace  
d i t c h e s  should be  planned t o  complement t h e  subsur face  dra inage  system. 
Surface dra inage  reduces t h e  amount of water  t o  be removed by the  subsur face  
system and permi ts  b e t t e r  c o n t r o l  of t he  w a t e r  t a b l e .  Subsurface dra inage  
lowers t h e  h igh  water  t a b l e s  which a r e  caused by p r e c i p i t a t i o n ,  i r r i g a t i o n  
water ,  l e ach ing  water ,  seepage from higher  lands o r  i r r i g a t i o n  cana l s  and 
d i t c h e s  and ground water  under a r t e s i a n  p re s su re .  

4- 1 



A h igh  water  t a b l e  damages most crops t o  vary ing  degrees.  S o i l  b a c t e r i a l  
a c t i o n  is  r e t a rded  when pore spaces a r e  f i l l e d  w i th  water  because t he  b a c t e r i a  
must have access  t o  oxygen from the  a i r .  Proper ly  dra ined  s o i l s  w i l l  warm 
up more qu ick ly  i n  t h e  sp r ing  than s a t u r a t e d  s o i l s .  Good d ra inage  permi ts  
e a r l i e r  p l a n t i n g  and b e t t e r  germinat ion.  Where dra inage  lowers a  h igh  water  
t a b l e ,  t h i s  i n c r e a s e s  t h e  a c t i v e  root-zone depth  and al lows p l a n t s  t o  develop 
t h e i r  n a t u r a l  r o o t  p a t t e r n .  Where exces s ive  s o l u b l e  s a l t s  a r e  p r e sen t  i n  t he  
s o i l  p r o f i l e ,  good subsur face  dra inage  r e - e s t ab l i shes  downward pe rco l a t i on  
of water  i n  t he  s o i l  p r o f i l e  and permi ts  l e ach ing  of t he se  s a l t s .  

The optimum depth of t h e  water  t a b l e  is n o t  a  cons tan t  f o r  a l l  a r e a s ,  b u t  
v a r i e s  w i th  s o i l  t e x t u r e ,  depth of s o i l  and s u b s o i l  l a y e r s ,  crops grown, and 
s a l i n i t y .  I n  f i ne - t ex tu red  s o i l s  and s u b s o i l s  t h e  he igh t  of t h e  c a p i l l a r y  
f r i n g e  above t he  wa te r  t a b l e  may be a  c o n t r o l l i n g  f a c t o r .  This  is  e s p e c i a l l y  
t r u e  where harmful s o l u b l e  s a l t s  a r e  p r e s e n t  and a r e  pumped t o  t h e  s o i l  su r -  
f a c e  through c a p i l l a r i t y .  I n  coarse- textured s o i l s  o r  s o i l s  unde r l a in  by 
coarse- tex tured  sands o r  g r ave l s ,  c a p i l l a r i t y  may be s l i g h t ,  and t h e  c a p i l l a r y  
f r i n g e  may extend ve ry  l i t t l e  above t h e  water  t a b l e .  Under u sua l  condi t ions  
where s a l t s  a r e  p r e s e n t ,  a  water  t a b l e  w i t h i n  l e s s  than  6 f e e t  from the  ground 
s u r f a c e  may be damaging t o  p l a n t  growth. I n  s tudying  t he  c r i t i c a l  depth of t he  
water  t a b l e ,  t h e  p o s i t i o n  of t he  c a p i l l a r y  f r i n g e  must always be considered.  

For a  permanent i r r i g a t i o n  a g r i c u l t u r e ,  s a l t  must be  removed from t h e  s o i l  
a t  t h e  same r a t e  a s  i t  i s  in t roduced  by t h e  i r r i g a t i o n  wa te r ,  o therwise  a  
s t e a d i l y  i n c r e a s i n g  s a l t  concent ra t ion  i n  t h e  s o i l  water  w i l l  cause progres-  
s i v e  r educ t i ons  i n  crop y i e l d .  When s a l t  removed equa ls  s a l t  i n p u t ,  a  p ro j -  
e c t  is s a i d  t o  b e  i n  " s a l t  balance." S a l t  ba lance  i n  i r r i g a t e d  a r e a s  is  
maintained by apply ing  excess  water  i n  a d d i t i o n  t o  crop needs t o  l e ach  s o l u b l e  
s a l t s .  Subsurface dra inage  must be  adequate  t o  permi t  t he  necessary  leaching  
and t o  ho ld  t he  wa te r  t a b l e  t o  a  s u f f i c i e n t  dep th  t o  prevent  t he  upward move- 
ment of s a l t y  c a p i l l a r y  water  from reaching  t h e  crop r o o t  zone. 

Sources of excess  wa te r  

I n  humid a r e a s  t h e  major p o r t i o n  of excess  water  comes from p r e c i p i t a t i o n  
which p e r c o l a t e s  i n t o  t h e  s o i l  t o  become ground water .  Where t h e r e  is poor 
s u r f a c e  dra inage  on f l a t  l and ,  temporary f l ood ing  occurs  and a  l a r g e  percent -  
age of t h e  r a i n f a l l  i n f i l t r a t e s  i n t o  t h e  s o i l .  

I n  n o r t h e r n  a r e a s ,  snow cover f r equen t ly  p r o t e c t s  t h e  s o i l  from f r e e z i n g ,  and 
i n f i l t r a t i o n  of water  i n t o  t h e  s o i l  is  inc rea sed .  The r a t e  of snow mel t  and 
cond i t i on  of t he  s o i l  i n f l uences  t he  amount of water  absorbed by t he  s o i l .  

I n  a r i d  and semiar id  a r e a s  a  minor p o r t i o n  of excess  water  comes from p rec ip i -  
t a t i o n .  The major sou rce s  of excess  water  i n  i r r i g a t e d  a r e a s  a r e  p e r c o l a t i o n  
l o s s e s  from t h e  i r r i g a t i o n  and leaching  wa te r  app l i ed .  Losses occur  from 
i r r i g a t i o n  cana l s  o r  d i t c h e s  w i th in  o r  t r a v e r s i n g  t h e  a r ea .  

I n  humid, a r i d ,  and semiar id  a r e a s  t h e  source  of excess  water  may be  ground 
water  moving through sha l low a q u i f e r s  and emerging a s  seeps  o r  s p r i n g s ,  o r  
ground wa te r  under a r t e s i a n  p r e s su re .  

When the  t o t a l  q u a n t i t y  of water  in t roduced  i n t o  t h e  s o i l  from the  va r ious  
sou rce s  exceeds t h e  t o t a l  q u a n t i t y  d i sposed  of through n a t u r a l  d r a inage  
p roces se s ,  t h e  water  t a b l e  w i l l  r i s e .  It i s  then necessary  t o  i n s t a l l  a r t i -  
f i c i a l  d r a i n s  t o  remove t h e  su rp lu s  wa te r  t o  maintain t h e  wa te r  t a b l e  a t  some 
predetermined l e v e l  which is  n o t  damaging t o  t he  crops.  



Diagnosis and Improvement of Sa l ine  and Alka l i  S o i l s  

General 

The d iagnos is  and improvement of  s a l i n e  and a l k a l i  s o i l s  involves  problems i n  
s o i l  chemistry.  These problems a r e  f r equen t ly  a s soc i a t ed  with a r e a s  needing 
dra inage ,  e s p e c i a l l y  i n  a r i d  and semiar id  r eg ions ,  and i t  is  necessary f o r  t he  
drainage engineer  t o  become f a m i l i a r  wi th  them. A pub l i ca t i on  of t h e  United 
S t a t e s  S a l i n i t y  Laboratory, "Diagnosis and Improvement of Sa l ine  and A l k a l i  
S o i l s , "  USDA Agr i cu l tu ra l  Handbook 60 ( 2 ) ,  conta ins  an e x c e l l e n t  d i s cus s ion  
of t h e  s u b j e c t  inc luding  p r a c t i c a l  methods of t rea tment .  Subsequent publ i -  
c a t i ons  of t h e  U .  S.  S a l i n i t y  Laboratory s t a f f  supplement t he  information 
contained i n  Agr i cu l tu ra l  Handbook 60. 

Sa l ine  and a l k a l i  s o i l s  defined 
To f a c i l i t a t e  a  d i s cus s ion  of s a l i n e  and a l k a l i  s o i l s ,  they have been separa ted  
i n t o  t h r e e  groups: s a l i n e ,  s a l i n e - a l k a l i ,  and nonsa l ine-a lka l i  s o i l s .  These 
t h r e e  groups a r e  defined i n  A g r i c u l t u r a l  Handbook 60 a s  follows: 

' 'Saline s o i l s .  - Sa l ine  i s  used i n  connect ion wi th  s o i l s  f o r  which t h e  
conduct iv i ty  of t he  s a t u r a t i o n  e x t r a c t  i s  more than 4 mmhos/cm. a t  25O C.  
and the  exchangeable-sodium-percentage i s  l e s s  than 15. Ord ina r i l y ,  t he  
pH i s  l e s s  than 8.5. These s o i l s  correspond t o  H i lga rd ' s  (1906) "white 
a l k a l i "  s o i l s  and t o  t h e  "Solonchaks" of t he  Russian s o i l  s c i e n t i s t s .  
When adequate dra inage  i s  e s t a b l i s h e d ,  t h e  excess ive  so lub le  s a l t s  may 
be removed by leaching  and they aga in  become normal s o i l s .  

"Sa l ine  s o i l s  a r e  o f t e n  recognized by t h e  presence of white  c r u s t s  
of s a l t s  on t h e  su r f ace .  S o i l  s a l i n i t y  may occur i n  s o i l s  having d i s -  
t i n c t l y  developed p r o f i l e  c h a r a c t e r i s t i c s  o r  i n  u n d i f f e r e n t i a t e d  s o i l  
m a t e r i a l  such a s  alluvium. 

"The chemical c h a r a c t e r i s t i c s  of s o i l s  c l a s sed  a s  s a l i n e  a r e  mainly 
determined by the  k inds  and amounts of s a l t s  p r e sen t .  The amount of 
s o l u b l e  s a l t s  p r e sen t  c o n t r o l s  t h e  osmotic p re s su re  of t he  s o i l  s o l u t i o n .  
Sodium seldom comprises more than ha l f  of t h e  s o l u b l e  ca t i ons  and hence 
is  n o t  adsorbed t o  any s i g n i f i c a n t  ex t en t .  The r e l a t i v e  amounts of ca l -  
cium and magnesium p re sen t  i n  t he  s o i l  s o l u t i o n  and on the  exchange 
complex may vary cons iderably .  Soluble and exchangeable potassium a r e  
o r d i n a r i l y  minor c o n s t i t u e n t s ,  bu t  occas iona l ly  they may be major con- 
s t i t u e n t s .  The chief  anions a r e  ch lo r ide ,  s u l f a t e ,  and sometimes n i t r a t e .  
Small amounts of b icarbonate  may occur ,  b u t  s o l u b l e  carbonates  a r e  almost 
i n v a r i a b l y  absent .  I n  a d d i t i o n  t o  t he  r e a d i l y  so lub le  s a l t s ,  s a l i n e  s o i l s  
may con ta in  s a l t s  of low s o l u b i l i t y ,  such a s  calcium s u l f a t e  (gypsum) 
and calcium and magnesium carbonates  ( l ime).  

"Owing t o  t he  presence of excess s a l t s  and t h e  absence of s i g n i f i c a n t  
amounts of exchangeable sodium, s a l i n e  s o i l s  gene ra l ly  a r e  f l occu la t ed ;  
and, a s  a  consequence, t h e  permeabi l i ty  i s  equal  t o  o r  h igher  than t h a t  
of s i m i l a r  nonsa l ine  s o i l s .  

"Sa l ine -a lka l i  s o i l s .  - Sa l ine -a lka l i  is  app l i ed  t o  s o i l s  f o r  which the  
conduct iv i ty  of t h e  s a t u r a t i o n  e x t r a c t  i s  g r e a t e r  than 4 mmhos/cm. a t  
25O C. and the  exchangeable-sodium-percentage is  g r e a t e r  than 15. These 
s o i l s  form a s  a  r e s u l t  of t h e  combined processes  of s a l i n i z a t i o n  and 
a l k a l i z a t i o n .  A s  long a s  excess s a l t s  a r e  p r e s e n t ,  the  appearance and 



p r o p e r t i e s  of t he se  s o i l s  a r e  gene ra l ly  s i m i l a r  t o  those  of s a l i n e  s o i l s .  
Under condi t ions  of excess s a l t s ,  t h e  pH readings  a r e  seldom higher  than 
8.5 and the  p a r t i c l e s  remain f l occu la t ed .  I f  t he  excess  so lub le  s a l t s  a r e  
leached downward, t he  p r o p e r t i e s  of these  s o i l s  may change markedly and 
become s i m i l a r  t o  those  of nonsa l ine -a lka l i  s o i l s .  A s  t h e  concent ra t ion  
of t h e  s a l t s  i n  t h e  s o i l  s o l u t i o n  is  lowered, some of t he  exchangeable 
sodium hydrolyzes and forms sodium hydroxide. This  may change t o  sodium 
carbonate  upon r e a c t i o n  wi th  carbon d ioxide  absorbed from t h e  atmosphere. 
I n  any event ,  upon leaching ,  t h e  s o i l  may become s t r o n g l y  a l k a l i n e  (pH 
readings  above 8 .5 ) ,  t h e  p a r t i c l e s  d i s p e r s e ,  and the  s o i l  becomes unfavor- 
a b l e  f o r  t h e  e n t r y  and movement of water  and f o r  t i l l a g e .  Although t h e  
r e t u r n  of t he  so lub le  s a l t s  may lower t h e  pH reading and r e s t o r e  t h e  par- 
t i c l e s  t o  a  f l o c c u l a t e d  condi t ion ,  t h e  management of s a l i n e - a l k a l i  s o i l s  
cont inues  t o  be a  problem u n t i l  t h e  excess  sal ts  and exchangeable sodium 
a r e  removed from t h e  r o o t  zone and a  f avo rab le  phys i ca l  condi t ion  of t he  
s o i l  i s  r ee s t ab l i shed .  

"Sa l ine -a lka l i  s o i l s  sometimes conta in  gypsum. When such s o i l s  a r e  
leached,  calcium d i s so lves  and t h e  replacement of exchangeable sodium by 
calcium takes  p l ace  concurren t ly  wi th  t h e  removal of excess s a l t s .  

"Nonsal ine-alkal i  s o i l s .  - Nonsal ine-a lka l i  i s  appl ied  t o  s o i l s  f o r  which 
t h e  exchangeable-sodium-percentage i s  g r e a t e r  than 15 and t h e  conduct iv i ty  
of t h e  s a t u r a t i o n  e x t r a c t  is l e s s  than 4 mmhos/cm. a t  25' C.  The pH 
readings  u sua l ly  range between 8.5 and 10. These s o i l s  correspond t o  
H i lga rd ' s  "black a l k a l i "  s o i l s  and i n  some cases  t o  "Solonetz", a s  t he  
l a t t e r  t e n  is used by t h e  Russians. They f r equen t ly  occur i n  semiarid 
and a r i d  reg ions  i n  smal l  i r r e g u l a r  a r e a s ,  which a r e  o f t e n  r e f e r r e d  t o  as 
" s l i c k  spo t s . "  Except when gypsum is  p re sen t  i n  t h e  s o i l  o r  t h e  i r r i g a -  
t i o n  water ,  t h e  dra inage  and leaching  of s a l i n e - a l k a l i  s o i l s  l e ads  t o  t he  
formation of nonsa l ine -a lka l i  s o i l s .  A s  mentioned i n  t h e  d i s cus s ion  of 
s a l i n e - a l k a l i  s o i l s ,  t h e  removal of excess  s a l t s  i n  such s o i l s  tends t o  
i n c r e a s e  t he  r a t e  of hydro lys is  of t h e  exchangeable sodium and o f t e n  
causes a  r i s e  of t h e  pH reading of t h e  s o i l .  Dispersed and d isso lved  
o rgan ic  mat te r  p r e sen t  i n  t he  s o i l  s o l u t i o n  of h ighly  a l k a l i n e  s o i l s  may 
be deposi ted on t h e  s o i l  su r f ace  by evapora t ion ,  thus  causing darkening 
and g iv ing  r i s e  t o  t h e  term "black a l k a l i " .  

"I£ allowed s u f f i c i e n t  time, nonsa l ine-a lka l i  s o i l s  develop c h a r a c t e r i s t i c  
morphological f e a t u r e s .  Because p a r t i a l l y  sodium-saturated c l ay  is  h ighly  
d i spe r sed ,  i t  may be  t ranspor ted  downward through the  s o i l  and accumulate 
a t  lower l e v e l s .  A s  a  r e s u l t ,  a  few inches  of t he  s u r f a c e  s o i l  may be 
r e l a t i v e l y  coarse  i n  t e x t u r e  and f r i a b l e ;  bu t  below, where t h e  c l ay  accu- 
mulates ,  t h e  s o i l  may develop a  dense l a y e r  of low permeabi l i ty  t h a t  may 
have a  columnar o r  p r i sma t i c  s t r u c t u r e .  Commonly, however, a l k a l i  con- 
d i t i o n s  develop i n  such s o i l s  a s  a  r e s u l t  of i r r i g a t i o n .  I n  such cases ,  
s u f f i c i e n t  time usua l ly  has no t  e lapsed  f o r  t h e  development of t h e  t y p i c a l  
columnar s t r u c t u r e ,  bu t  t h e  s o i l  has  low permeabi l i ty  and i s  d i f f i c u l t  
t o  till. 

"The exchangeable sodium p re sen t  i n  nonsa l ine -a lka l i  s o i l  may have a  
marked in f luence  on t h e  phys i ca l  and chemical p r o p e r t i e s .  A s  t h e  propor- 
t i o n  of exchangeable sodium i n c r e a s e s ,  t h e  s o i l  tends t o  become more 
d i spe r sed .  The pH reading may inc rease ,  sometimes becoming a s  h igh  a s  10.  
The s o i l  s o l u t i o n  of nonsa l ine-a lka l i  s o i l s ,  although relatively low i n  
s o l u b l e  s a l t s ,  ha s  a  composition t h a t  d i f f e r s  considerably from t h a t  of 
normal and s a l i n e  s o i l s .  While t h e  anions p re sen t  c o n s i s t  mostly of 



c h l o r i d e ,  s u l f a t e ,  and b i ca rbona t e ,  smal l  amounts of carbonate  o f t e n  occur .  
A t  h igh  pH readings  and i n  t he  presence of carbonate  i o n s ,  calcium and 
magnesium are p r e c i p i t a t e d ;  hence, t h e  s o i l  s o l u t i o n s  of nonsa l i ne -a lka l i  
s o i l s  u sua l l y  con t a in  only sma l l  amounts of t he se  c a t i o n s ,  sodium being 
t h e  predominant one. Large q u a n t i t i e s  of exchangeable and s o l u b l e  po tas -  
sium may occur  i n  some of t he se  s o i l s .  The e f f e c t  of excess ive  exchange- 
a b l e  potassium on s o i l  p r o p e r t i e s  ha s  n o t  been s u f f i c i e n t l y  s t u d i e d .  

"Nonsal ine-alkal i  s o i l s  i n  some a r e a s  of wes te rn  United S t a t e s  have 
exchangeable-sodium-percentages cons iderab ly  above 15 ,  and y e t  t he  pH 
r ead ing ,  e s p e c i a l l y  i n  t h e  s u r f a c e  s o i l ,  may be a s  low a s  6 .  These s o i l s  
have been r e f e r r e d  t o  by De Sigmond (1938) a s  degraded a l k a l i  s o i l s .  They 
occur  on ly  i n  t he  absence of  l ime ,  and t h e  low pH reading  is t h e  r e s u l t  
of exchangeable hydrogen. The phys i ca l  p r o p e r t i e s ,  however, a r e  dominated 
by t h e  exchangeable sodium and a r e  t y p i c a l l y  those  of a  nonsa l i ne -a lka l i  
s o i l .  " 

E f f e c t  of s a l t s  on crops 
To understand t he  e f f e c t  of s a l t  concent ra t ion  on vege t a t i on  r e q u i r e s  an under- 
s t and ing  of t he  process  of osmosis.  This  i s  t h e  p roces s  whereby p l a n t s  o b t a i n  
t h e i r  mois ture  from the  s o i l .  I f  two s o l u t i o n s  of d i f f e r e n t  s t r e n g t h  a r e  
s epa ra t ed  by a  semipermeable membrane, t he  weaker s o l u t i o n  w i l l  move through 
the  membrane t o  t he  s t ronge r  s o l u t i o n .  This  movement w i l l  b e  i n  p ropo r t i on  
t o  t h e  d i f f e r e n c e  i n  p r e s s u r e  between t he  two s o l u t i o n s  which is  i n  d i r e c t  
p ropo r t i on  t o  t he  d i f f e r e n c e  i n  t h e  number of s o l v e n t  p a r t i c l e s .  This  d i f f e r -  
ence i n  p r e s s u r e  is termed t h e  "osmotic pressure"  and flow through the  membrane 
cont inues  u n t i l  equi l ib r ium between t he  two p re s su re s  i s  e s t a b l i s h e d .  P l a n t  
r o o t s  have a  semipermeable membrane o r  "skin" t h a t  s e p a r a t e s  t he  f l u i d  w i th in  
t he  p l a n t  r o o t s  from the  s o i l  mois ture .  Under normal s o i l  cond i t i ons  (non- 
s a l i n e )  t h e  s o l u t i o n  o r  f l u i d  w i th in  t he  p l a n t  r o o t s  i s  a  s t r o n g e r  s o l u t i o n  
than t h e  s o i l  mois ture ,  and a p r e s s u r e  d i f f e r e n t i a l  (osmotic p r e s su re )  i s  
always p r e s e n t .  The n e t  d i f f e r e n c e  i n  p r e s su re  is a f f e c t e d  a l s o  by t h e  s o i l -  
mois ture  tens ion .  When t h i s  e x i s t s ,  t he  p l a n t  r o o t s  r ece ive  an in f low of water  
o r  s o i l  mois ture  s u f f i c i e n t  f o r  growth. When s o i l s  become s a l t y  o r  s a l i n e ,  
t he  concen t r a t i on  of s a l t  i n  t he  s o i l  moisture i n c r e a s e s  and approaches t h e  
concen t r a t i on  i n  t h e  p l a n t  f l u i d ,  thereby reducing t he  in f low of wa te r  t o  t he  
p l a n t s .  I f  t h e  so i l -mois ture  s o l u t i o n  becomes t oo  s t r o n g ,  osmosis slows down 
t o  t he  p o i n t  where t he  p l a n t  w i l l  w i l t .  Th is  exp l a in s  t he  cond i t i on  where 
p l a n t s  a r e  w i l t i n g  even though v i r t u a l l y  submerged i n  water .  

From t h e  foregoing  i t  is  obvious t h a t  s a l i n i t y  c o n t r o l  i s  v i t a l  t o  a g r i c u l t u r e .  
It is  usua l l y  a s s o c i a t e d  w i th  i r r i g a t i o n  i n  wes te rn  a r e a s ,  and t he  i r r i g a t i o n  
engineer  must recognize t h i s  and make adequate  p rov i s ions  f o r  main ta in ing  s a l t  
ba lance  i n  t he  design and ope ra t i on  of i r r i g a t i o n  p r o j e c t s .  The dra inage  
engineer  must understand t h e  p r i n c i p l e s  involved i n  t h e  dra inage  of i r r i g a t e d  
land i n  t he  a r i d  o r  semiar id  a r e a s .  There a r e  some ca se s  where i t  is n o t  
economically f e a s i b l e  t o  r ec l a im  s a l i n e  o r  a l k a l i  l ands  by provid ing  adequate  
subsur face  dra inage ,  l each ing  wa te r ,  and chemical amendments a s  r equ i r ed .  
I n  t h e s e  s i t u a t i o n s  t h e  b e s t  use  of t he  land  may be t o  p l a n t  crops w i th  h igh  
s a l t  t o l e r ance ,  o r  i f  t he  s a l t  cond i t i on  is  seve re ,  t o  adapted fo r age  c rops .  
F igures  4- la ,  l b ,  and l c ,  S a l t  t o l e r a n c e  of f i e l d ,  vege t ab l e ,  and fo r age  crops 
( 3 ) ,  and Table 4-1, Re l a t i ve  s a l t  t o l e r ance  of f r u i t  crops ( 4 ) ,  a r e  inc luded  
a s  gu ides  t o  s e l e c t i n g  crops s u i t a b l e  t o  t he se  s i t u a t i o n s .  I n  F igures  4- la ,  
l b ,  and l c  t h e  i n d i c a t e d  s a l t  t o l e r ances  apply t o  t h e  pe r iod  of r ap id  p l a n t  
growth and matura t ion ,  from t h e  l a t e  s eed l ing  s t a g e  onward. Crops i n  each 
category a r e  ranked i n  o rde r  of decreas ing  s a l t  t o l e r ance .  Width of t he  b a r  
next  t o  each crop i n d i c a t e s  t h e  e f f e c t  of i n c r e a s i n g  s a l i n i t y  on y i e l d .  
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F i g u r e  4 - l a ,  S a l t  t o l e r a n c e  of f i e l d  crops 
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F i g u r e  4 - lb ,  S a l t  t o l e r a n c e  o f  vegetable c r o p s  



ECe IN  MlLLlMHOS PER CM. AT 2 5 ' ~  
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F i g u r e  4-lc, S a l t  Tolerance of forage crops 

Table 4-1, Relative salt t o l e r ance  of fruit crops 

Crop 

3ate palm 

'omegranate -. 
-1g 
Dlive 

Muskmelon 

3 
Orange, grapefruit. lemon - 
Apple. pear 

Plum. prune, peach. apricot, 
almond 

Boysenberry. blackberry, rasp- 
berrv3 

Avocado 

Strawberry 

Electr ical conductivi ty of 
saturation extracts (EC 
at which y ie lds decreaze 

b y  about 10 percent1 
- -- 

Mi l  limhos per centimeter 
at 25 '~.  

8 

r 
1 '4-6 

4 

In gypsiferous soils. EC readings for given 
soi l  sa l in i t ies are about 2 mil l imhos per 
centimeter higher than for nongypsiferous 
soils. Date palm would be affected at 10 
mil l imhos per centimeter, grapes at 6 mi l -  
limhos per centimcter. etc., on gypsiferous 
soils. 

Estimate. 

Lemon i s  more sensit ive than orange and 
grapefruit: raspberry i s  more sensit ive than 
boysenberry and blackberry. 



Cross l ines  a r e  placed a t  lo- ,  25-, and 50-percent y i e l d  reduct ions .  The 
r e l a t i v e  growth and production of the  va r ious  crops on s a l i n e  and a l k a l i  s o i l s  
w i l l  g ive  an i n d i c a t i o n  of t he  s o i l  s a l i n i t y .  

Reclamation of s a l i n e  and a l k a l i  s o i l s  

I n  most of t h e  humid a reas  of t he  United S t a t e s  s a l i n i t y  is  no t  a  problem, 
a s  n a t u r a l  p r e c i p i t a t i o n  has leached most of the  so lub le  s a l t s  from the s o i l .  
I n  t he  a r i d  and semiar id  reg ions ,  where p r e c i p i t a t i o n  i s  low, s a l i n i t y  and 
a l k a l i n i t y  a r e  common problems. S a l i n e  s o i l s ,  s o i l s  wi th  a  high percentage 
of s o l u b l e  s a l t ,  can be  reclaimed by leaching  and drainage.  A lka l i  s o i l s ,  
s o i l s  wi th  a  r e l a t i v e l y  high percentage of sodium s a l t ,  a r e  not  r e a d i l y  
reclaimed by leaching  and may requi re  a d d i t i o n a l  t reatment  with se l ec t ed  
chemical amendments i n  connection with t h e  leaching.  Sa l ine -a lka l i  s o i l s  a r e  
a  composite group having a high percentage of both so lub le  and in so lub le  s a l t s  
and t h e  reclamation of these  s o i l s  may r equ i r e  chemical t reatment  o r  leaching 
wi th  s a l t y  water  p r i o r  t o  t he  usual  leaching  and drainage t rea tment .  

Most of  t h e  i r r i g a t e d  a r e a s  i n  the a r i d  and semiarid region have some s o i l s  
t h a t  a r e  s a l i n e ,  a l k a l i ,  o r  both.  This  condi t ion  is  common i n  the  low-rainfal l  
reg ions  where the  average annual p r e c i p i t a t i o n  i s  l e s s  than 20 inches .  The 
dra inage  of s a l i n e  and a l k a l i  s o i l s  gene ra l ly  r equ i r e s  d ra ins  t h a t  a r e  deeper 
than a r e  needed i n  a r e a s  of n e u t r a l  o r  a c i d  s o i l s .  The reason f o r  t h i s  is  
t h a t  i n  s a l i n e  and a l k a l i  a r eas  harmful s a l t s  move upward by c a p i l l a r i t y  i n t o  
t h e  roo t  zone, thereby l i m i t i n g  i t s  u s e f u l  depth. The required depth f o r  
d r a i n s  i n  s a l t y  a r e a s  is  t o  some degree r e l a t e d  t o  t he  c a p i l l a r y  r i s e  i n  t he  
p a r t i c u l a r  s o i l s  and s u b s o i l s  i n  t he  a rea .  Assuming a f r e e  water- table l e v e l  
a t  t h e  same depth,  d r a i n s  i n  s o i l s  wi th  a  high c a p i l l a r y  r i s e  w i l l  need to  be 
deeper than i n  s o i l s  wi th  a  low c a p i l l a r y  r i s e .  This is i l l u s t r a t e d  i n  
Figures 4-2a and 4-2b. A s  a  genera l  r u l e ,  subsurface d r a i n s  i n  s a l i n e  and 
a l k a l i  a r e a s  should range i n  depth from 6 t o  10 f e e t .  

S a l i n e  condi t ions  a r e  i d e n t i f i e d  on some s o i l  maps and these  should be noted 
during t h e  reconnaissance inves t iga t ion .  A lka l in i ty  is  not  u sua l ly  mapped a s  
a  p a r t  of r egu la r  s o i l  surveys,  unless  by s p e c i a l  r eques t ,  a s  t h i s  r equ i r e s  
s p e c i a l  f i e l d  o r  l abo ra to ry  analyses.  I f  during the  reconnaissance,  a l k a l i n e  
condi t ions  a r e  suspected,  i t  is advisable  t o  consul t  a  s o i l  s c i e n t i s t  before  
proceeding f u r t h e r  wi th  ex tens ive  surveys and inves t iga t ions .  This  is  impor- 
t a n t  a t  t h i s  s t a g e  of planning a s  the  t reatment  of a l k a l i  s o i l s ,  i n  add i t i on  
t o  e s t a b l i s h i n g  subsurface d ra ins ,  may inc rease  the  c o s t  of the  p r o j e c t  t o  
t h e  e x t e n t  t h a t  i t  may no t  be f e a s i b l e .  

Reclamation of s a l i n e  s o i l s  
Sa l ine  s o i l s  can usua l ly  be improved through leaching ,  a s  t he  so lub le  s a l t s  
p re sen t  w i l l  go i n t o  s o l u t i o n  and be removed wi th  the  d ra in  water .  Leaching 
i n  a r e a s  of high p r e c i p i t a t i o n  is a n a t u r a l  process a f t e r  subsurface drainage 
is  es t ab l i shed .  I n  a r i d  and semiarid reg ions  i t  i s  usua l ly  necessary t o  supply 
i r r i g a t i o n  water t o  accomplish t h i s  leaching.  Thus, t he  reclamation of s a l i n e  
s o i l s  can usual ly  be  accomplished through some type of leaching  without the  ad- 
d i t i o n  of chemical amendments. Adequate subsurface drainage i s  a p r e r e q u i s i t e .  

Reclamation of nonsa l ine-a lka l i  s o i l s  
The treatment  of nonsa l ine-a lka l i  s o i l s  i s  d i f f e r e n t  from t h a t  f o r  s a l i n e  s o i l s  
a s  i t  may be impossible t o  leach the s o i l  u n t i l  a f t e r  c e r t a i n  chemical amend- 
ments a r e  added. Through a l k a l i z a t i o n  s o i l  undergoes c e r t a i n  t e x t u r a l  changes. 
These changes tend t o  des t roy  the  o r i g i n a l  s o i l  t e x t u r e  and leave  the  s o i l  as a 
de f loccu la t ed  mass. A lka l i  s o i l s  have the  consistency of t a r  o r  heavy grease ,  
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F i g u r e  4-2b, S o i l  p r o f i l e  showing l o w  c a p i l l a r i t y  



which i s  smooth and wi thout  t ex tu re .  Spots  of a l k a l i  s o i l  i n  f i e l d s  a r e  o f t e n  
and app rop r i a t e ly  r e f e r r e d  t o  a s  " s l i c k  spots"  meaning t h a t  they a r e  void of 
vege t a t i on  and t e x t u r e l e s s .  A s  a l k a l i z a t i o n  p rog re s se s ,  t h e  s o i l  becomes l e s s  
and l e s s  permeable. S t rongly  a l k a l i n e  s o i l s  become v i r t u a l l y  impermeable and 
imprac t i cab l e  t o  d r a i n  under most cond i t i ons .  

It i s  h igh ly  important  t h a t  nonsa l i ne -a lka l i  s o i l s  be recognized a s  such 
be fo re  a t tempt ing  t o  e s t a b l i s h  subsur face  dra inage .  These s o i l s  have l o s t  
some of t h e i r  i n t e r n a l  d ra inage  c h a r a c t e r i s t i c s  and may no t  d r a i n  proper ly  
r e g a r d l e s s  of t h e  type  of d ra inage  system i n s t a l l e d .  Where i t  i s  economically 
f e a s i b l e  t o  rec la im t h e s e  s o i l s ,  chemical t rea tment  may be  necessary  t o  
f l o c c u l a t e  t he  s o i l  p a r t i c l e s  and r e s t o r e  s o i l  pe rmeab i l i t y  be fo re  leaching  
and dra inage .  Some of t h e  chemical amendments commonly used a r e  calcium 
c h l o r i d e ,  gypsum (calcium s u l f a t e ) ,  su lphu r ,  and s u l p h u r i c  a c i d .  The kind and 
amount of amendment app l i ed  must be based on recommendations from a  l abo ra to ry  
fo l lowing  an a n a l y s i s  of r e p r e s e n t a t i v e  s o i l  samples. 

Reclamation of s a l i n e - a l k a l i  s o i l s  
The t rea tment  of s a l i n e - a l k a l i  s o i l s  i s  much t h e  same as f o r  nonsa l i ne -a lka l i  
s o i l s .  Ce r t a in  chemical amendments may be r equ i r ed ,  based on l abo ra to ry  
ana ly se s  of  s o i l  samples. F i e l d  i d e n t i f i c a t i o n  of s a l i n e - a l k a l i  s o i l s  is 
d i f f i c u l t  a s  they may e x h i b i t  c h a r a c t e r i s t i c s  of both s a l i n e  and nonsal ine-  
a l k a l i  s o i l s .  A s  po in ted  ou t  i n  t he  d e f i n i t i o n  of s a l i n e - a l k a l i  s o i l s ,  they 
may be f l o c c u l a t e d  due t o  t he  presence of  excess  s a l t s  and may have a  permea- 
b i l i t y  equa l  t o  o r  h i g h e r  than  nonsa l ine  s o i l s .  This  i s  o f t e n  mis lead ing  and 
may g ive  t h e  impression t h a t  s o i l s  can be reclaimed through s imple leaching .  
Actua l ly  t h i s  may n o t  be  t he  case because l e ach ing  w i l l  remove t he  s o l u b l e  
s a l t s ,  thereby causing t h e  s o i l s  t o  become s t r o n g l y  a l k a l i n e  and t h e  permea- 
b i l i t y  g r e a t l y  reduced. 

Boron 
Boron t o x i c i t y  i s  a  problem i n  p a r t s  of t h e  a r i d  and semiar id  reg ions  of 
southwestern United S t a t e s .  Boron has been found t o  be p r e sen t  i n  s c a t t e r e d  
a r e a s  of d e s e r t  s o i l s  t h a t  have been reclaimed f o r  i r r i g a t i o n .  It is usua l l y  
a s s o c i a t e d  wi th  s a l i n e  and a l k a l i  s o i l s ;  however, t h i s  i s  probably a c c i d e n t a l  
a s  most s o i l s  i n  t h i s  gene ra l  a r e a  a r e  s a l t y  s o i l s .  Boron is e s s e n t i a l  t o  t he  
normal growth of a l l  p l a n t s  b u t  t he  concen t r a t i on  r equ i r ed  i s  very  sma l l ,  l e s s  
than 1 . 0  ppm, and i f  exceeded may cause p l a n t  i n j u r y .  Ce r t a in  p l a n t  spec i e s  
vary both i n  boron requirement  and i n  boron t o l e r ance .  The concen t r a t i ons  
necessary  f o r  t he  growth of p l a n t s  having a  h igh  boron requirement  may a l s o  
be t o x i c  t o  p l a n t s  s e n s i t i v e  t o  boron. This  makes i t  very  d i f f i c u l t ,  i f  n o t  
imposs ib le ,  t o  g e n e r a l i z e  on boron l i m i t a t i o n s  f o r  c e r t a i n  a r e a s  wi thout  
cons ider ing  t h e  crops and t h e i r  r e s p e c t i v e  t o l e r a n c e  t o  boron. 

I n  a r e a s  where excess  boron occurs ,  i n  t he  s o i l  o r  i n  t he  i r r i g a t i o n  water  
used, boron- to le ran t  c rops  should be  grown. Table 4-2 i n d i c a t e s  t h e  r e l a t i v e  
boron t o l e r ance  of a  number of crops grown i n  a r e a s  known t o  have excess  boron. 

Symptoms of boron i n j u r y  may inc lude  c h a r a c t e r i s t i c  c h l o r o s i s  and n e c r o s i s  
a l though some boron-sens i t ive  spec i e s  do n o t  show v i s i b l e  symptoms. C i t r u s ,  
avocados, persimmons, and many o t h e r  s p e c i e s  develop a  t i pbu rn  o r  marginal  
burn of mature l e aves .  Boron i n j u r y  t o  walnut  l eaves  i s  cha rac t e r i zed  by 
marginal  burn and brown-necrotic a r e a s  between t he  ve in s .  S tone - f ru i t  t r e e s ,  
app l e s ,  and pea r s  a r e  s e n s i t i v e  t o  boron, bu t  do no t  develop t y p i c a l  l e a f  
symptoms. Cotton,  g rapes ,  po t a toe s ,  beans,  pea s ,  and s e v e r a l  o t h e r  p l a n t s  
show marginal  burning and a  cupping of t he  l e a f  t h a t  r e s u l t s  from a  r e s t r i c -  
t i o n  of t he  growth of t h e  marginal  a r e a .  



Table 4-2, Boron t o l e r ance  of  crops ( 2 ) .  

S e n s i t i v e  
Pecan 
Walnut 
Art ichoke 
Navy Bean 
Plum 
Pear  
Apple 
Grape 
F ig  
Persimmon 
Cherry 
Peach 
Apr ico t  
Blackberry 
Orange 
Avocado 
Grape f ru i t  
Lemon 

Semi to le ran t  
P o t a t o  
Cot ton  
Tomato 
Radish 
Peas 
Ol ive  
Barley 
Wheat 
Corn 
Milo 
Oat 
Pumpkin 
Pepper 
Sweet Po t a to  
Lima Bean 

To le r an t  
Asparagus 
Date Palm 
Sugar Beet 
Garden Beet 
A l f a l f a  
Broadbean 
Onion 
Turnip 
Cabbage 
Le t tuce  
Ca r ro t  

Current  in format ion  on boron t o l e r ance  does n o t  permi t  t he  es tab l i shment  
of d e f i n i t e  pe rmi s s ib l e  l i m i t s  f o r  t he  t h r e e  c l a s s i f i c a t i o n s  shown i n  t h i s  
t a b l e .  I t  is  thought t h a t  t he  approximate range from s e n s i t i v e  t o  t o l e r a n t  
i s  0.7 ppm t o  2.0 ppm of boron. 

High l e v e l s  of boron i n  s o i l s  can u sua l l y  be reduced through leaching;  
however, t h i s  v a r i e s  wi th  s o i l  types.  Leaching of boron is  a slow process  
and u s u a l l y  r e q u i r e s  t h r e e  t o  f o u r  times a s  mukh l each ing  water  a s  is 
r equ i r ed  f o r  s a l i n e  and a l k a l i  s o i l s .  The most economical t rea tment  of 
boron-affected s o i l s  may be t o  swi tch  t o  boron- to le ran t  crops and t o  apply 
excess  i r r i g a t i o n  water  ( l e ach ing  requirement)  f o r  a per iod  of s e v e r a l  yea r s .  
This  w i l l  n o t  depr ive  t he  ope ra to r  of crop income during t he  leaching  process .  
Good subsur face  drainage is  always a p r e r e q u i s i t e  f o r  p roper  leaching .  

Planning Subsurf ace  Drainage 

One of t h e  most important  phases of planning subsu r f ace  drainage is  t o  
compile and analyze t he  f i e l d  d a t a  c o l l e c t e d  through var ious  surveys ,  i n v e s t i -  
g a t i o n s ,  and s t u d i e s .  I n v e s t i g a t i o n s  f o r  subsur face  drainage a r e  d i f f i c u l t  
because s u b s o i l  and ground-water cond i t i ons  a r e  n o t  ev iden t  through v i s u a l  
i n s p e c t i o n  of wet a r ea s .  Various methods and techniques  have been developed 
whereby t h e s e  condi t ions  can be determined and made ev iden t  through a graphi-  
c a l  o r  s t a t i s t i c a l  p r e sen t a t i on .  The fo l lowing  i s  a d i s cus s ion  of some of 
t he  methods and procedures  commonly used. 

Observat ion w e l l  hydrographs 

Water-table e l e v a t i o n  should be p l o t t e d  a g a i n s t  t ime on p r o f i l e  paper ,  c ross -  
s e c t i o n  paper ,  o r  p r e f e r ab ly ,  p r i n t e d  hydrograph s h e e t s .  The t i m e  s c a l e  
which is  u s u a l l y  on t he  a b s c i s s a  (ho r i zon t a l )  i s  graduated i n  days,  by months, 
f o r  a I -year  per iod .  The e l e v a t i o n  s c a l e  i s  u sua l l y  on t he  o r d i n a t e  ( v e r t i c a l )  
and i s  graduated i n  f e e t  and t e n t h s  t o  cover t h e  a n t i c i p a t e d  f l u c t u a t i o n  range 
of t he  water  t a b l e .  Observat ion w e l l  hydrographs a r e  used where a s e r i e s  
of water - tab le  read ings  a r e  taken a t  a s ing le -wel l  l o c a t i o n  f o r  a t  l e a s t  a 
1-year pe r iod  o r  over  a cropping o r  seasona l  weather  cyc le .  By p l o t t i n g  t he se  



on a hydrograph s h e e t  i t  i s  p o s s i b l e ,  a t  a g lance ,  t o  v i s u a l i z e  t h e  water- 
t a b l e  behavior  a t  t h a t  we l l .  F igure  4-3 i l l u s t r a t e s  a  hydrograph showing two 
p l o t s ;  one f o r  a  w e l l  i n  an i r r i g a t e d  a r e a  and one f o r  a  w e l l  i n  a  non- 
i r r i g a t e d  o r  d ry land  a r e a .  

Observat ion w e l l  hydrographs a r e  o f t e n  h e l p f u l  i n  determining t he  source  of 
ground water .  I n  t h e  humid a r ea  t he  ground water  i s  u s u a l l y  h ighes t  i n  t h e  
l a t e  s p r i n g  a t  t h e  ba se  of s l opes  j o in ing  uplands and i n  narrow v a l l e y s  where 
deep seeps  and a r t e s i a n  water  a r e  o f t e n  p r e s e n t .  I n  i r r i g a t e d  a r e a s  ground- 
wa te r  l e v e l s  tend t o  b u i l d  up through t h e  i r r i g a t i o n  season reaching  a  peak 
a t  t h e  end of t h e  i r r i g a t i o n  per iod .  The i l l u s t r a t i o n  shown is f o r  a  s i ng l e -  
crop a r e a  where t he  h i g h e s t  ground water  u s u a l l y  occurs  i n  September o r  
October .  I n  a r e a s  where m u l t i p l e  cropping i s  p r a c t i c e d  t h i s  w i l l  va ry  w i th  
t h e  pe r iods  of i r r i g a t i o n .  I n  n o n i r r i g a t e d  o r  dryland a r e a s  where a c c r e t i o n s  
t o  ground water  a r e  from p r e c i p i t a t i o n ,  ground-water l e v e l s  tend t o  peak i n  
t h e  s p r i n g  o r  e a r l y  summer months, o r  a f t e r  t h e  r a iny  season.  From t h i s  i t  
i s  obvious t h a t  w e l l  hydrographs may i n d i c a t e  t h e  source  of wa te r  causing t h e  
high water - tab le  cond i t i on ,  i . e . ,  from p r e c i p i t a t i o n  o r  i r r i g a t i o n  water .  

F igu re  4-4 is  a hydrograph f o r  a  s p e c i f i c  observa t ion  w e l l  i n  an i r r i g a t e d  
a r e a ,  which a l s o  shows a  l og  of t he  subsur face  ma te r i a l s .  This  type  of 
hydrograph i s  o f t e n  very  h e l p f u l  i n  r e l a t i n g  f l u c t u a t i o n s  of t h e  water  t a b l e  
t o  s p e c i f i c  underground s t r a t a .  I t  is  a l s o  an a i d  t o  determining t he  proper  
d r a i n  depth t o  t ake  advantage of t he  most permeable s t r a t a .  This  combination 
hydrograph-log-type r e p r e s e n t a t i o n  i s  p r e f e r r e d  by some engineers .  

P r o f i l e  flow p a t t e r n s  

P r o f i l e  flow p a t t e r n s  may be shown by p l o t t i n g  t he  s u r f a c e  of t he  ground, 
in format ion  on s u b s o i l  m a t e r i a l s ,  and hydraulic-head va lues  a t  p o i n t s  where 
measurements have been made wi th  piezometers .  Lines should be drawn t o  con- 
n e c t  p o i n t s  of equa l  hyd rau l i c  head. Convenient hydraulic-head i n t e r v a l s  may 
be s e l e c t e d  extending over  t he  range of measured va lues  f o r  hyd rau l i c  head. 
Usual ly an i n t e r v a l  i s  s e l e c t e d  t h a t  a l lows  a  number of equa l  hydraulic-head 
l i n e s  t o  be sketched on t he  same p r o f i l e .  The component of f low i n  t he  p lane  
of t he  p r o f i l e  i s  normal t o  l i n e s  of equa l  hyd rau l i c  head i f  t h e  p r o f i l e  
s e c t i o n  i s  p l o t t e d  on a  one t o  one s c a l e .  Using t h i s  s c a l e ,  f low l i n e s  can 
be sketched i n  a t  r i g h t  angles  t o  t h e  equa l  hydraulic-head l i n e s ,  w i th  arrows 
t o  show t h e  d i r e c t i o n  of flow. I f  t he  v e r t i c a l  s c a l e  i s  exaggerated,  t he  
r e l a t i o n  between s t ream l i n e s  and equa l  hydraulic-head l i n e s  on t he  p l o t t e d  
p r o f i l e  is  no longer  r ec t angu la r .  Where t h e  v e r t i c a l  and h o r i z o n t a l  s c a l e s  
a r e  n o t  equa l ,  t he  hydraulic-head d i s t r i b u t i o n  may be p l o t t e d ,  bu t  flow l i n e s  
should n o t  be drawn. 

A v e r t i c a l  component of flow i s  i nd i ca t ed  where t he  hyd rau l i c  head changes. 
Th i s  component may be  e i t h e r  up o r  down. An equa l  hydraulic-head l i n e  may 
i n t e r c e p t  t he  water  t a b l e  a t  any ang l e ,  depending on t h e  d i r e c t i o n  of flow. 
The water  t a b l e  is no t  n e c e s s a r i l y  a f low Line a s  i s  o f t e n  assumed, a l though 
i t  may be.  A component of upward flow t h a t  e x i s t s  below t h e  water  t a b l e  may 
cont inue  upward through the  s o i l  above t h e  water  t a b l e  t o  t h e  s o i l  s u r f a c e  by 
c a p i l l a r i t y .  Likewise,  downward flow may occur  i n  t he  unsa tu ra t ed  s o i l  above 
t he  water  t a b l e .  This  i s  d iscussed  i n  more d e t a i l  i n  Chapter 1, and i s  i l l u s -  
t r a t e d  by F igures  1-1 and 1-2 i n  Chapter 1. 



Figu re  4-3, Observation well hydrograph 



Figure 4-4,  Observation well hydrograph 



Ground-water contour  maps 

The e l e v a t i o n  of t he  water  t a b l e  a t  a p a r t i c u l a r  t ime a t  s e l e c t e d  p o i n t s  may 
be p l o t t e d  on t h e  base  map of t h e  p r o j e c t  a r e a .  These a r e  u sua l l y  p l o t t e d  on 
a  r ec t angu la r  g r i d  p a t t e r n  on which ground e l e v a t i o n s  a r e  no ted ,  o r  on a  
contour  map. By i n t e r p o l a t i o n ,  l i n e s  of equa l  water - tab le  e l e v a t i o n  may be 
drawn on t h e  map. These l i n e s  a r e  r e f e r r e d  t o  a s  ground-water contours  and 
t h e  completed map is r e f e r r e d  t o  a s  a  ground-water contour  map. Such a  map 
shows t h e  con f igu ra t i on  of t he  s u r f a c e  of t he  water  t a b l e  on a  p a r t i c u l a r  
d a t e  i n  t h e  a r e a  under cons ide ra t i on .  

F igure  4-5 is  an i l l u s t r a t i o n  of a  ground-water contour  map. Water-table 
e l e v a t i o n s  a r e  shown on a  r ec t angu la r  g r i d  p a t t e r n  of 660 f e e t  o r  a t  t h e  
co rne r s  of each 10-acre t r a c t .  By i n t e r p o l a t i o n  ground-water contours  have 
been drawn on a  5- foot -ver t ica l  i n t e r v a l .  From v i s u a l  i n spec t i on  t h e  d i r ec -  
t i o n  of ground-water flow is  ev iden t  as i n d i c a t e d  by t h e  arrows shown. The 
hyd rau l i c  g r a d i e n t  o r  s l o p e  of t h e  water - tab le  s u r f a c e  v a r i e s  from about 1 t o  
2 f e e t  p e r  LOO f e e t  and can be determined f o r  any s p e c i f i c  a r e a  by d i v i d i n g  
t he  contour  i n t e r v a l  by t h e  s ca l ed  d i s t a n c e  between contour  l i n e s .  From 
v i s u a l  i n s p e c t i o n  i t  i s  obvious t h a t  t h e r e  i s  a h igh  mound of ground water  
extending from the  northwest  corner  toward t h e  sou theas t  corner  d i agona l ly  
ac ros s  t h e  f i e l d .  This  sugges t s  a  source  of excess  ground water  i n  t h e  north-  
west p o r t i o n  of t h e  f i e l d  o r  pos s ib ly  i n  ad j acen t  f i e l d s  t o  t he  nor thwes t .  

To be  of most u se  a s  a  t o o l  i n  planning subsur face  dra inage ,  ground-water 
contour  maps should be  superimposed on topographic maps t o  g ive  t h e  r e l a t i o n -  
sh ip  between s u r f a c e  con f igu ra t i on  and water - tab le  conf igura t ion .  This  is  
i l l u s t r a t e d  i n  F igure  4-6 where ground-surface contours  a r e  shown a s  s o l i d  
l i n e s  and ground-water contours  a r e  shown a s  dashed l i n e s .  A t  any s p e c i f i c  
po in t  on t h e  map, t he  depth t o  wa te r  t a b l e  i s  t he  d i f f e r e n c e  i n  e l e v a t i o n  
between t h e  s u r f a c e  contour  and t he  ground-water contour .  

F igure  4-6 is  an example of a  ground-water contour  map showing a  h igh  water  
t a b l e  caused by cana l  seepage. This  map shows an  i r r i g a t e d  t r a c t  conta in ing  
960 a c r e s ,  100 a c r e s  of which a r e  s u b j e c t  t o  a  h igh  water  t a b l e .  A l l  l and ,  
both above and below t h e  cana l  (Sco t t  Cana l ) ,  i s  i r r i g a t e d .  The wetland i s  
l oca t ed  i n  one t r a c t  immediately below and ad j acen t  t o  t he  cana l .  The "depth 
t o  water"  in format ion  was developed by ob t a in ing  t h e  d i f f e r e n c e  between t h e  
e l e v a t i o n s  of s u r f a c e  contours  and ground-water contours .  The arrows on t he  
map i n d i c a t e  t he  d i r e c t i o n  of ground-water flow which is  perpendicu la r  t o  t he  
ground-water contours .  From the  map i t  appears  obvious t h a t  t he  problem 
involves  c a n a l  seepage. This  i s  s u b s t a n t i a t e d  by t h e  f a c t  t h a t  t h e r e  i s  very  
l i t t l e  wet land above t h e  cana l ;  t h a t  t he  wet a r e a  is  i n  a  fan-shaped t r a c t  
ad j acen t  t o  and below the  cana l ,  and t h a t  t h e  d i r e c t i o n  of ground-water flow 
i s  outward from t h e  a r e a  of h ighes t  water  t a b l e  ad j acen t  t o  t he  cana l .  
Having determined t h a t  c ana l  seepage causes t h e  wet condi t ion ,  t h e  s e c t i o n  
o r  s e c t i o n s  of t he  cana l  t h a t  a r e  seeping and w i l l  r e q u i r e  l i n i n g  p r  o t h e r  
t rea tment  a r e  then determined. I n  t h i s  example a  rough l o c a t i o n  can be made 
by p r o j e c t i n g  t he  arrows showing t h e  d i r e c t i o n  of flow t o  t he  p o i n t  o r  p o i n t s  
where they i n t e r s e c t  t he  i r r i g a t i o n  cana l .  To s imp l i fy  t h i s  p r e s e n t a t i o n ,  
t h i s  example was s e l e c t e d  t o  show a s i t u a t i o n  where t h e  cana l  was l e ak ing  a t  
on ly  one po in t .  I n  most c a s e s ,  c ana l s  w i l l  be  found t o  be l e ak ing  a t  s e v e r a l  
p o i n t s ,  and i t  may be more d i f f i c u l t  t o  "pinpoint"  t he  leaky reaches ;  however, 
t he  gene ra l  method of i n v e s t i g a t i o n  would be  t h e  same. An examination of t he  
m a t e r i a l s  i n  t h e  c a n a l  bed would be  necessary  i n  planning remedial  measures. 
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Figure 4-5, Typical ground-water contour map 



Figu re  4-6 ,  Working drawing (canal seepage) 



The map shown a s  F igure  4-7 i l l u s t r a t e s  t he  use  of ground-water contours  i n  
d e t e c t i n g  and l o c a t i n g  an underground b a r r i e r  o r  impermeable m a t e r i a l  causing 
a  h igh  wa te r  t a b l e .  These s i t u a t i o n s  a r e  common i n  a l l u v i a l  f lood-p la in  a r e a s  
ad j acen t  t o  major s t reams.  When de t ec t ed ,  t h e s e  s i t u a t i o n s  u s u a l l y  a r e  e a s i l y  
co r r ec t ed  by i n s t a l l i n g  r e l i e f  d r a i n s  through the  impermeable b a r r i e r  o r  imme- 
d i a t e l y  upslope and p a r a l l e l  t o  t he  b a r r i e r .  F igure  4-7 shows an i r r i g a t e d  
t r a c t  l o c a t e d  on t h e  f lood  p l a i n  of a  major s t ream.  A s t r i p  of land about 
1 ,500 f e e t  wide and p a r a l l e l i n g  t h e  s t ream i s  s u b j e c t  t o  a h igh  water  t a b l e  
and i s  too  wet f o r  good product ion.  Sur face  contours  a r e  shown on a  5-foot- 
v e r t i c a l  i n t e r v a l  and ground-water contours  (dashed l i n e s )  above t h e  b a r r i e r  
a r e  shown on a  1- foot  i n t e r v a l .  The d i r e c t i o n  of ground-water f low i s  
d i r e c t l y  t o  t he  s t ream.  An examination of t h i s  map shows t h a t  t h e  ground- 
wa te r  contours  a r e  c l o s e l y  spaced above t h e  20-foot contour .  This  i n d i c a t e s  
a  s t e e p  water - tab le  g r a d i e n t  i n  t h i s  a r ea .  Above o r  no r th  of t h e  33-foot- 
ground-water contour  t h e  spac ing  of contours  is  wide i n d i c a t i n g  a  f l a t  
g r a d i e n t .  This  sharp  break i n  t he  s l o p e  of t h e  water - tab le  g r a d i e n t  i n d i c a t e s  
t h e  presence  of l e s s  permeable m a t e r i a l  o r  a b a r r i e r  t o  ground-water flow i n  
t he  reg ion  of t h e  s l o p e  break.  

F igure  4-8, Sec t ion  A-A, shows a  c ro s s - s ec t i ona l  p r o f i l e  of t he  f lood-p la in  
a r e a  a s  shown i n  F igure  4-7. It i s  sometimes e a s i e r  t o  v i s u a l i z e  t he se  
f e a t u r e s  from a p r o f i l e  than from a  topographic map; however, t he  e x t e n t  of 
t h e  problem o r  problem a r e a  can be shown only  on a  h o r i z o n t a l  p r o j e c t i o n .  

Through t h e  cons t ruc t i on  of  t h i s  contour  map and p r o f i l e  t he  p o s i t i o n  of t h e  
b a r r i e r  o r  l e s s  permeable m a t e r i a l  has  been l oca t ed  w i th in  broad l i m i t s .  A t  
t h i s  s t a g e ,  a d d i t i o n a l  bor ings  w i l l  probably be  needed i n  t h e  v i c i n i t y  of t h e  
b a r r i e r  t o  make a  more d e t a i l e d  i n v e s t i g a t i o n  of t he  n a t u r e  of m a t e r i a l s  
p r e s e n t  and t he  e x t e n t  o f  t he  b a r r i e r .  

The preceding  examples i l l u s t r a t e  two of t h e  many uses  of ground-water 
contour  maps i n  s o l v i n g  d i f f i c u l t  subsu r f ace  dra inage  problems. Cross- 
s e c t i o n a l  p r o f i l e s  showing s u r f a c e  and water - tab le  e l e v a t i o n s ,  s i m i l a r  t o  
F igure  4-8, o f t e n  a r e  h e l p f u l  wi th  i n v e s t i g a t i o n s  of l o c a l i z e d  problems. 
There a r e  no exac t  r u l e s  governing t h e  methods t o  be used i n  each s i t u a t i o n .  
The dra inage  engineer  must analyze each problem i n d i v i d u a l l y  and s e t  up a 
schedule  f o r  ob t a in ing  t h e  in format ion  and d a t a  needed t o  develop t he  p r o f i l e  
and contour  maps r equ i r ed  t o  analyze t he  problem. 

Depth t o  water - tab le  map 

The depth t o  water ,  i . e . ,  d i f f e r ence  i n  e l e v a t i o n  between t he  ground s u r f a c e  
and t he  water  t a b l e ,  should b e  p l o t t e d  a t  s e l e c t e d  p o i n t s  on a  s u i t a b l e  ba se  
map. The l i n e s  of equa l  depth t o  water  t a b l e  a r e  drawn. The completed map, 
sometimes r e f e r r e d  t o  a s  an " i soba th  map," w i l l  show a r e a l  d e l i n e a t i o n  
of depth t o  water ,  which i s  u sua l l y  t he  c r i t e r i a  f o r  determining t h e  need and 
e x t e n t  of t he  wet a r e a  needing dra inage .  F igures  4-6 and 4-7 both i l l u s t r a t e  
t h i s  type  of map. Areas w i th  f i xed  ranges  of depth t o  water  t a b l e  may be 
d e l i n e a t e d  and crosshatched o r  colored t o  show a  graphic  p i c t u r e .  A map 
of t h i s  k ind  is a  va luab l e  a i d  i n  d i s cus s ing  t he  p r o j e c t  w i th  landowners and 
is  sometimes used a s  a  b a s i s  f o r  determining assessments  f o r  cons t ruc t i on  by 
t he  l o c a l  sponsoring groups.  



Figu re  4-7, S u r f a c e  con tour  above ground-water contour  



F i g u r e  4-8, P r o f i l e  section A-A, F i g u r e  4-7 



C l a s s i f i c a t i o n  of subsur face  d r a inage  

General 
From a  f u n c t i o n a l  p o i n t  of view, subsur face  dra inage  f a l l s  i n t o  two c l a s s e s :  
r e l i e f  and i n t e r c e p t i o n  dra inage .  Re l i e f  d r a inage  is  used t o  lower a  h igh  
water  t a b l e  which i s  g e n e r a l l y  f l a t  o r  of ve ry  low g rad i en t .  I n t e r c e p t i o n  
dra inage  is  t o  i n t e r c e p t ,  reduce t h e  flow, and lower t h e  f l owl ine  of t he  wa te r  
i n  t h e  problem a rea .  I n  p lanning  a  subsur face  d r a inage  system, t he  de s igne r  
must e v a l u a t e  t he  var ious  s i t e  cond i t i ons  and dec ide  whether t o  use  r e l i e f  
o r  i n t e r c e p t i o n  drainage.  

Rel ie f  d r a inage  
Open d i t c h e s .  - Ditches used f o r  subsur face  dra inage  may c a r r y  both s u r f a c e  
and subsur face  water .  Because of t h e i r  r equ i r ed  depth they have t h e  capac i t y  
f o r  a  wide range of flow cond i t i ons .  Di tches  a r e  b e s t  adapted t o  l a r g e  f l a t  
f i e l d s  where l a c k  of g rade ,  s o i l  c h a r a c t e r i s t i c s ,  o r  economic cond i t i ons  do 
no t  f avo r  bur ied  d r a in s .  The advantages i n  us ing  d i t c h e s  i nc lude  t he  fol lowing:  

1. They usua l l y  have lower i n i t i a l  c o s t  than d r a i n s .  

2. I n spec t i on  of d i t c h e s  i s  e a s i e r  than  i n s p e c t i o n  of d r a i n s .  

3.  They a r e  app l i cab l e  i n  some o rgan i c  s o i l s  where d r a i n s  a r e  
n o t  s u i t a b l e  due t o  subsidence.  

4 .  Ditches  may be used on a  very  f l a t  g r a d i e n t  where t he  pe rmi s s ib l e  
depth of t h e  o u t l e t  is  n o t  adequate  t o  permit  t h e  i n s t a l l a t i o n  
of d r a i n s  having t he  minimum requ i r ed  grade.  

The d isadvantages  i n  us ing  d i t c h e s  a r e  a s  fo l lows:  

1. Di tches  r e q u i r e  cons ide rab l e  rights-of-way which reduce t h e  area 
of land  a v a i l a b l e  f o r  cropping. This  is  p a r t i c u l a r l y  a p p l i c a b l e  
i n  uns t ab l e  s o i l s  where f l a t  s i d e  s l opes  a r e  r equ i r ed .  

2. Di tches  u sua l l y  r e q u i r e  more f r equen t  and c o s t l y  maintenance 
than  d r a i n s .  

Buried d r a i n s .  - Drains r e f e r  t o  any type bu r i ed  condui t  wi th  open j o i n t s  o r  
p e r f o r a t i o n s  which c o l l e c t  and/or  convey dra inage  wa te r .  Drains  may be f a b r i -  
ca ted  from c l a y ,  concre te ,  b i tuminized  f i b e r ,  meta l ,  p l a s t i c ,  o r  o t h e r  mate- 
r i a l s  of s u i t a b l e  q u a l i t y .  Dra ins ,  i f  p roper ly  i n s t a l l e d ,  r e q u i r e  l i t t l e  main- 
tenance. They a r e  u sua l l y  p r e f e r r e d  by landowners a s  they a r e  bu r i ed  and no 
land is  removed from c u l t i v a t i o n  and maintenance i s  cons iderab ly  l e s s  than f o r  
d i t ches .  

The topography of t he  land t o  be  dra ined  and t h e  p o s i t i o n ,  l e v e l ,  and annual  
f l u c t u a t i o n  of t h e  water  t a b l e  a r e  a l l  f a c t o r s  t o  be considered i n  determining 
t he  proper  type  of d ra inage  system f o r  a  given s i t e .  Re l i e f  d ra inage  systems 
a r e  c l a s s i f i e d  i n t o  fou r  gene ra l  types:  p a r a l l e l ,  herr ingbone,  double main, 
and random. (Refer  t o  F igure  4 - 9 ) .  

P a r a l l e l  system. - - The p a r a l l e l  system c o n s i s t s  of p a r a l l e l  l a t e r a l  d r a i n s  
l oca t ed  perpendicu la r  t o  t he  main d r a i n .  The l a t e r a l s  i n  t he  system may be 
spaced a t  any i n t e r v a l  c o n s i s t e n t  w i t h  s i t e  cond i t i ons .  This  system is  used 
on f l a t ,  r e g u l a r l y  shaped f i e l d s  and on s o i l s  of uniform permeabi l i ty .  Varia- 
t i o n s  of  t h e  p a r a l l e l  system a r e  o f t e n  used w i th  o t h e r  p a t t e r n s .  (Figure 4-9a). 



Herringbone system. - - The herr ingbone system c o n s i s t s  of p a r a l l e l  l a t e r a l  
d r a i n s  t h a t  e n t e r  t h e  main d r a i n  a t  an  ang l e  from e i t h e r  o r  bo th  s i d e s .  This  
system u s u a l l y  is  used where t he  main o r  submain d r a i n  l i e s  i n  a  depress ion .  
It a l s o  may be used where t h e  main d r a i n  i s  l oca t ed  i n  t h e  d i r e c t i o n  of t he  
major s l o p e  and t h e  d e s i r e d  grade of t h e  l a t e r a l  d r a i n s  is  obta ined  by vary- 
i n g  t h e  ang l e  of confluence w i th  t he  main. This  p a t t e r n  i s  used w i th  o t h e r  
p a t t e r n s  i n  l ay ing  o u t  a  composite p a t t e r n  on smal l  o r  i r r e g u l a r  a r e a s .  
(Figure 4-9b). 

Double-main system. - - The double-main system is  a  modi f ica t ion  of t h e  
her r ingbone  system and i s  a p p l i c a b l e  where a  depress ion ,  which i s  f r equen t ly  
a  n a t u r a l  watercourse,  d i v i d e s  t h e  f i e l d  t o  be  dra ined .  Occasional ly t he  
dep re s s iona l  a r e a  may be  wet because of seepage coming from t h e  h ighe r  ground. 
P l ac ing  a  main d r a i n  on each s i d e  of t h e  depress ion  s e rves  a  d u a l  purpose; i t  
i n t e r c e p t s  t he  ground water  moving t o  t h e  n a t u r a l  watercourse  and provides  an  
o u t l e t  f o r  t h e  l a t e r a l  d r a i n s .  (Figure 4-9c). 

Random system. - - A random system of d r a i n s  i s  used where t he  topography is  
undu la t i ng  o r  r o l l i n g  and con t a in s  s c a t t e r e d  i s o l a t e d  w e t  a r e a s .  The main 
d r a i n ,  f o r  e f f i c i e n c y ,  i s  u sua l l y  p laced  i n  t h e  swales r a t h e r  than i n  deep 
c u t s  through r i dges .  I f  t he  i n d i v i d u a l  wet a r e a s  a r e  l a r g e ,  t h e  arrangement 
of submain and l a t e r a l  d r a i n s  f o r  each a r e a  may u t i l i z e  t h e  p a r a l l e l  o r  
her r ingbone  p a t t e r n  t o  provide  t he  r equ i r ed  dra inage .  (Figure 4-9d). 

Pumping system (ground-water removal).  - This  type of removal a p p l i e s  t o  deep 
w e l l  d r a inage  where t h e  drawdown i s  ex t ens ive  and does n o t  i nc lude  shal low 
water - tab le  c o n t r o l  such a s  obtained by pumping muck o r  t i dewa te r  a r e a s .  The 
o b j e c t i v e  of a l l  subsu r f ace  dra inage  work i s  t o  lower and main ta in  t he  water  
t a b l e  a t  some l e v e l  s u i t a b l e  f o r  proper  crop growth. This  is  usua l l y  accom- 
p l i s h e d  by t he  i n s t a l l a t i o n  of r e l a t i v e l y  deep subsur face  d r a i n s .  Water-table 
l e v e l s  a l s o  may be c o n t r o l l e d  by pumping from t h e  ground-water r e s e r v o i r  t o  
lower and maintain t he  de s i r ed  water - tab le  l e v e l .  I n  some i r r i g a t e d  a r ea s  
where i r r i g a t i o n  water  is  obta ined  from w e l l s ,  t h e  p r a c t i c e s  of i r r i g a t i o n  
and dra inage  both may be  e f f e c t e d  by t h e  pumping of w e l l s .  This  combination 
p r a c t i c e  is  l i m i t e d  t o  those  a r e a s  w i th  low s a l i n i t y  where i t  i s  p o s s i b l e  t o  
main ta in  a  proper  s a l t  balance.  I n  s a l t y  a r e a s  where pumping i s  used t o  
e f f e c t  d ra inage  and where t h e  q u a l i t y  of t h e  d r a i n  water  is poor,  t he  d r a i n  
water  u s u a l l y  i s  discharged i n t o  a  dra inage  o u t l e t  and n o t  d i r e c t l y  reused 
f o r  i r r i g a t i o n .  I n  some cases  i t  is p o s s i b l e  t o  mix t h e  d r a i n  e f f l u e n t  w i th  
water  of h igh  q u a l i t y  and thereby o b t a i n  wa te r  s u i t a b l e  f o r  i r r i g a t i o n .  

The i n v e s t i g a t i o n s  necessary  f o r  p lanning  a  dra inage  f a c i l i t y ,  u s ing  pumps t o  
lower t h e  water - tab le  l e v e l ,  can be q u i t e  complex. Deta i led  in format ion  on 
t h e  geologic  cond i t i ons  and t he  permeabi l i ty  of s o i l  and s u b s o i l  m a t e r i a l s  a r e  
very  important .  Design involves  a n t i c i p a t i n g  what t h e  shape and con f igu ra t i on  
of t h e  cone of depress ion  w i l l  be a f t e r  pumping. Th i s ,  i n  t u r n ,  involves  
spac ing  of w e l l s  t o  p o s i t i o n  proper ly  t h e i r  a r e a s  of i n f l u e n c e  and ob t a in  t h e  
d e s i r e d  drawdown over  t h e  a r e a  t o  be d r a ined .  Usual ly i t  is  d e s i r a b l e  t o  
i n s t a l l  t e s t  w e l l s  t o  determine t he  drawdown and spacing of w e l l s .  Consulta- 
t i o n  w i th  a  g e o l o g i s t  i s  d e s i r a b l e .  

P a s t  exper ience  w i th  t h i s  type of d ra inage  i n s t a l l a t i o n  i n d i c a t e s  t h a t ,  i n  
gene ra l ,  pumping from w e l l s  i s  c o s t l y  and i t  i s  d i f f i c u l t  t o  o b t a i n  a  s a t i s -  
f a c t o r y  bene f i t - cos t  r a t i o .  Cons idera t ion  f o r  t h i s  type of f a c i l i t y  should 
be  l i m i t e d  t o  high-producing lands  w i th  a  h igh- re turn  va lue  p e r  ac r e .  



(a) PARALLEL 

F i g u r e  4-9, Types of drainage c o l l e c t i o n  sys tems 



Combination system. - Combination systems o r  dual-purpose systems a r e  names 
t h a t  have been given dra inage  systems t h a t  p rovide  bo th  s u r f a c e  and subsur face  
dra inage .  I n  t h i s  type  of system any combination of open d i t c h e s  and bur ied  
d r a i n s  may be used. I n  a r e a s  w i th  s o i l s  of low pe rmeab i l i t y  which r e q u i r e  
c l o s e  spac ing  of bu r i ed  d r a i n s ,  i t  is  common p r a c t i c e  t o  use  dra inage  f i e l d  
d i t c h e s  f o r  s u r f a c e  c o l l e c t o r s ,  d r a i n s  f o r  subsur face  c o l l e c t o r s ,  and d i t ch -  
type d r a inage  mains and l a t e r a l s  f o r  d i sposa l .  I n  s o i l s  of h igh  permeabi l i ty  
such as Indiana  and Michigan sands and some c o a s t a l  p l a i n  s o i l s ,  a  f i e l d -  
border  d i t c h  f o r  s u r f a c e  water  c o l l e c t i o n  is a l l  t h a t  may be  needed. Drop 
s t r u c t u r e s  a r e  r equ i r ed  where su r f ace  c o l l e c t o r s  d i scharge  i n t o  deep open 
d i t c h e s .  Buried d r a i n s  a r e  seldom used t o  c o l l e c t  o r  d i spose  of s u r f a c e  
water .  The reasons f o r  t h i s  a r e  (a )  s u r f a c e  wa te r s  u s u a l l y  c a r r y  d e b r i s  which 
may lodge i n  t he  d r a i n  and cause a  p lug  t o  form, and (b) s u r f a c e  flows a r e  
s u b j e c t  t o  l a r g e  v a r i a t i o n s  which d i c t a t e  a  l a r g e  and expensive d r a in .  

Mole d r a i n s .  - Mole d r a i n s  a r e  un l ined ,  approximately egg-shaped ea r then  chan- 
n e l s ,  formed i n  h igh ly  cohesive o r  f i b r o u s  s o i l  by a  moling plow. The moling 
plow has  a  long b lade- l ike  c o u l t e r  t o  which is  a t t a ched  a  c y l i n d r i c a l  b u l l e t -  
nosed p lug ,  known a s  t h e  mole. A s  t h e  plow i s  drawn through the  s o i l ,  t h e  
mole forms t he  c a v i t y ,  a t  a  s e t  dep th ,  p a r a l l e l  t o  t h e  ground s u r f a c e  over  
which t h e  plow i s  drawn. Heaving and f r a c t u r i n g  of minera l  s o i l  by t he  
c o u l t e r  and mole l e a v e  f i s s u r e s  and c racks  which open up toward t h e  mole and 
c o u l t e r  s l i t .  These provide  escape rou t e s  through the  s o i l  p r o f i l e  and i n t o  
t h e  mole c a v i t y  f o r  water  trapped a t  t he  s u r f a c e  o r  water  t h a t  has  pe rco l a t ed  
i n t o  t h e  s o i l .  

Mole d r a i n s ,  when prop.erly i n s t a l l e d  i n  l o c a t i o n s  w i th  s o i l s  s u i t a b l e  f o r  
them, provide  dra inage  f o r  3 t o  5 yea r s  and may, wi th  d imin ish ing  e f f e c t i v e -  
n e s s ,  p rovide  dra inage  f o r  as much a s  5 y e a r s  longer .  

C u l t i v a t i o n  of moled l ands  w i th  heavy equipment reduces t he  e f f e c t i v e  l i f e  
of such d r a i n s .  

V e r t i c a l  d r a in s .  - V e r t i c a l  d r a i n s  o r  d ra inage  w e l l s ,  a s  they a r e  f r equen t ly  
c a l l e d ,  have been used as o u t l e t s  f o r  bo th  s u r f a c e  and subsur face  d r a in s .  
They have been used where g r a v i t y  o u t l e t s  were n o t  a v a i l a b l e  o r  where t h e  c o s t  
of o b t a i n i n g  g r a v i t y  o u t l e t s  was p r o h i b i t i v e .  

V e r t i c a l  d r a i n s  must p e n e t r a t e  a  s u i t a b l e  a q u i f e r  which i s  capable of absorb- 
i n g  t he  dra inage  flow. I n v e s t i g a t i o n s  f o r  v e r t i c a l  d r a i n s  must be i n  s u f f i -  
c i e n t  d e t a i l  t o  determine t h a t  such an a q u i f e r  is  p r e s e n t  and t h a t  i t  is  
capable  of  absorbing t h e  expected dra inage  d ischarge  f o r  an i n d e f i n i t e  per iod  
of t ime. This  r e q u i r e s  a  geologic  de te rmina t ion  made i n  conjunc t ion  w i th  a 
g e o l o g i s t .  It is  u s u a l l y  necessary  t o  make a  t e s t  bor ing  o r  bor ings  t o  de t e r -  
mine t h e  magnitude, t h i cknes s ,  depth,  and e x t e n t  of t he  a q u i f e r  i n  ques t ion .  
Laboratory work may be r equ i r ed  t o  determine t h e  phys i ca l  and chemical prop- 
e r t i e s  of t h e  a q u i f e r  m a t e r i a l .  

V e r t i c a l  d r a i n s  a r e  w e l l s  i n  which t he  d i r e c t i o n  of flow is  reversed .  Most 
of t h e  des ign  p r i n c i p l e s  and c r i t e r i a  a p p l i c a b l e  t o  wa te r  w e l l s  a r e  app l i cab l e  
t o  v e r t i c a l  d r a in s .  The major d i f f e r e n c e  is  t h a t  r e l a t i v e l y  c l ean  ground 
water  i s  pumped from wa te r  w e l l s ;  whereas, d ra inage  water  d i scharged  i n t o  
v e r t i c a l  d r a i n s  may con t a in  s i g n i f i c a n t  q u a n t i t i e s  of s a l t ,  sediment ,  and 
d e b r i s .  Unless t he se  p o l l u t a n t s  a r e  removed from the  dra inage  e f f l u e n t  be fo re  
i t  e n t e r s  t h e  v e r t i c a l  d r a i n ,  they tend t o  p lug  and s e a l  t h e  d r a i n .  Serv ice  
exper ience  wi th  v e r t i c a l  d r a i n s  has  been d i s appo in t i ng  because of t h e  l a r g e  



pe rcen t  of v e r t i c a l  d r a i n s  t h a t  seal-up and become i n e f f e c t i v e  i n  a  r e l a t i v e l y  
s h o r t  pe r iod  of time. 

Drainage water  t h a t  is  discharged i n t o  underground a q u i f e r s  u sua l l y  con t a in s  
p o l l u t a n t s  i n  s o l u t i o n ,  i n  a d d i t i o n  t o  t he  sediment and d e b r i s  mentioned above. 
These p o l l u t a n t s  may p e r c o l a t e  i n t o  o t h e r  a q u i f e r s  o r  a r e a s  where w e l l s  a r e  
used f o r  a  domestic water  supply.  For t h i s  reason t h e r e  i s  danger of contam- 
i n a t i n g  water  s u p p l i e s  and most s t a t e s  working w i th  t he  Pub l i c  Heal th Se rv i ce  
have enac ted  laws c o n t r o l l i n g  t h i s  p r a c t i c e .  Some s t a t e s  fo rb id  t h e  use  of 
d ra inage  w e l l s  and o t h e r s  r e q u i r e  t h a t  a  permi t  be ob ta ined .  

I n t e r c e p t i o n  d r a i n s  
General.  - I n t e r c e p t i o n  d r a i n s  may be e i t h e r  open d i t c h e s  o r  bur ied  d r a i n s .  
Proper  l o c a t i o n  of e i t h e r  type  i s  very  important .  The l o c a t i o n  and depth 
r equ i r ed  u s u a l l y  a r e  determined through ex t ens ive  bor ings  and ground-water 
s t u d i e s  . 
Open d i t c h e s .  - The d i t c h  type  i n t e r c e p t o r  may s e r v e  t o  c o l l e c t  bo th  s u r f a c e  
and ground-water flow. It must have s u f f i c i e n t  depth t o  i n t e r c e p t  t he  ground- 
water  flow. Such d i t c h e s  u s u a l l y  have excess  capac i t y  a t  t he  r equ i r ed  depth.  
The i n t e r c e p t i o n  d i t c h  f r e q u e n t l y  i s  used t o  i n t e r c e p t  t h e  s u r f a c e  and ground- 
water  f low a t  t h e  base  of a  s l o p e .  

Buried d r a i n s .  - P e c u l i a r  o r  unusual subsur face  formations o r  ground-water 
cond i t i ons  may be  r e spons ib l e  f o r  a  h igh  water  t a b l e  i n  c e r t a i n  l o c a l  a r e a s .  
Likewise, abrupt  changes i n  topographic f e a t u r e s  may cause c e r t a i n  a r e a s  t o  
be s u b j e c t  t o  a  h igh  water  t a b l e .  These s i t u a t i o n s  a r e  d i f f i c u l t  t o  de sc r ibe .  
F igures  4-10 through 4-12 a r e  diagrammatic ske t ches  of a  f e w  combinations of 
subsur face  m a t e r i a l s ,  topography, and ground-water condi t ions  which may cause 
a  h igh  wa te r  t a b l e .  

F igure  4-10 i s  a  ske tch  of a  c r o s s  s e c t i o n  of one-half of a  v a l l e y  a r e a .  
This  i l l u s t r a t e s  an i n t e r c e p t i o n  d r a i n  l oca t ed  a t  t he  base  of h i l l  l and  o r  a t  
t he  base  of a  h ighe r  t e r r a c e  o r  bench. This  is  a  common s i t u a t i o n  i n  l a r g e  
s t ream v a l l e y s  where t he  v a l l e y  l ands  a r e  s u b j e c t  t o  seepage from uplands. 
Often h igh  benches o r  t e r r a c e s  a r e  s u b j e c t  t o  seepage from h ighe r  land.  Many 
i n v e s t i g a t i o n s  of these  s i t u a t i o n s  have shown t h a t  wet o r  h igh  water - tab le  
a r e a s  u s u a l l y  occur  nea r  t he  ba se  of t he  t e r r a c e  and extend f o r  some d i s t a n c e  
toward t h e  r i v e r  o r  s t ream. Ground-water i n v e s t i g a t i o n s  gene ra l l y  d i s c l o s e  
t h a t  t h e  water - tab le  s u r f a c e  i s  c l o s e  t o  a  s t r a i g h t  l i n e  o r  f l a t  curve extend- 
ing  from t h e  water  su r f ace  i n  t h e  s t ream t o  some d i s t a n t  p o i n t  beneath t he  
t e r r a c e  o r  bench. The wet a r e a  e x i s t s  because of an abrupt  change i n  topo- 
graphy a t  t h i s  p o i n t  which b r i n g s  t he  l and  s u r f a c e  n e a r  t o ,  o r  i n  con t ac t  
w i th ,  t h e  water - tab le  s u r f a c e .  The c o r r e c t i v e  measure, a s  i n d i c a t e d ,  is  t o  
lower t h e  wa te r  t a b l e  i n  t h i s  a r e a  by an i n t e r c e p t i o n  d ra in .  Some open i n t e r -  
c ep t i on  d i t c h e s  a r e  s u s c e p t i b l e  t o  damage from f lood  f lows,  causing e ro s ion  
o r  channel  changes, and use of d r a i n s  i n s t e a d  of open d i t c h e s  may avoid such 
hazards.  

F igure  4-11 i s  a  ske tch  t o  i l l u s t r a t e  an i n t e r c e p t i o n  d r a i n  l oca t ed  upslope 
above a  b a r r i e r  of impermeable m a t e r i a l .  Under n a t u r a l  condi t ions  t h i s  
b a r r i e r  causes  a  reduc t ion  i n  t h e  depth o r  t h i cknes s  of t he  a q u i f e r ,  and i n  
t u r n ,  causes  t he  hyd rau l i c  grade l i n e  o r  water - tab le  s u r f a c e  t o  "dayl igh t , "  
o r  r i s e  t o  o r  nea r  t he  ground s u r f a c e .  This  causes a wet o r  seep a r e a  nea r  
t he  b a r r i e r .  This  s i t u a t i o n  is  o f t e n  found i n  a l l u v i a l  f lood  p l a i n s  where 
anc i en t  channel  changes have b u i l t  up b a r r i e r s  of f ine-grained sediments ,  
sometimes r e f e r r e d  t o  a s  s lack-water  d e p o s i t s .  This  condi t ion  i s  d i f f i c u l t  



Figu re  4-10, I n t e r c e p t i o n  d r a i n  i n  a va l l ey  area 
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Figure 4-11, In t e rcep t ion  d r a i n  f o r  barr ier  condi t ion  



t o  d e t e c t  and u sua l l y  r e q u i r e s  ex t ens ive  s u b s o i l  exp lo ra t i ons .  The presence 
of unexpla inable  wet a r e a s  surrounded by d r y  a r e a s  sugges t s  such a  non- 
conformity i n  s u b s o i l  m a t e r i a l .  The c o r r e c t i v e  measure may be a  d r a i n  j u s t  
upslope from the  b a r r i e r  and p a r a l l e l i n g  i t  a s  suggested i n  t h e  ske t ch .  

F igu re  4-12 i l l u s t r a t e s  an i n t e r c e p t i o n  d r a i n  l oca t ed  a t  t h e  ba se  of a  perme- 
a b l e  l a y e r ,  sandwiched between l a y e r s  of l e s s  permeable m a t e r i a l .  The perme- 
a b l e  l a y e r  ou tc rops ,  caus ing  a  seep t h a t  may a f f e c t  a  cons ide rab l e  a r e a  below 
t h e  ou tc rop .  This  is  common i n  formations t h a t  a r e  h igh ly  s t r a t i f i e d  and have 
an exposed outcrop.  Under n a t u r a l  cond i t i ons ,  t h e  permeable l a y e r  may be  
ca r ry ing  cons iderab le  ground water  wi th  a  hyd rau l i c  grade l i n e  t h a t  i n t e r c e p t s  
t h e  ground s u r f a c e  a t  some p o i n t  i n  t he  ou tc rop  a r e a  causing a  n a t u r a l  seep.  
An i n t e r c e p t i o n  d r a i n  should be l oca t ed  a s  i n d i c a t e d ,  a t  t he  ba se  of t he  
permeable m a t e r i a l ,  t o  c o l l e c t  t he  f low from t h e  a q u i f e r ,  and prevent  seepage 
a t  t he  ground s u r f a c e .  

Many o t h e r  s i t u a t i o n s  could be  c i t e d  which would i l l u s t r a t e  v a r i a t i o n s  i n  
d r a inage  problems. It i s  obvious t h a t  t h e r e  can be no f i x e d  r u l e s  o r  pro- 
cedures  f o r  dea l i ng  w i th  t he se  problems. The dra inage  engineer  must make a  
thorough i n v e s t i g a t i o n  of t he  subsur face  and ground-water cond i t i ons  and then 
make an  a n a l y s i s  of t h e s e  f a c t o r s  based on sound hyd rau l i c  p r i n c i p l e s  a s  they 
a r e  p e r t i n e n t  t o  dra inage .  

O u t l e t s  f o r  subsur face  dra inage  
An o u t l e t  f o r  t he  d r a inage  system must b e  a v a i l a b l e  f o r  g r a v i t y  flow o r  by 
pumping. The o u t l e t  must be  adequate f o r  t h e  q u a n t i t y  and q u a l i t y  of t he  
e f f l u e n t  t o  be disposed of wi thout  causing damage t o  o t h e r  a r e a s  and w i th  
minimum d e t e r i o r a t i o n  of t he  water  q u a l i t y  i n  t h e  o u t l e t .  

An open-ditch o u t l e t  f o r  g r a v i t y  flow from a  bu r i ed  d r a i n  should permi t  d i s -  
charge from the  d r a i n  above t he  e l e v a t i o n  of normal low flow i n  t h e  o u t l e t .  
I n t e r r u p t i o n  of flow from the  d r a i n  due t o  s torm runoff i n  t h e  o u t l e t  should 
n o t  occur  s o  o f t e n  and w i th  such du ra t i on  t h a t  t he  r a t e  of ground-water 
drawdown by t he  bu r i ed  d r a i n  would f a i l  t o  meet t h e  des ign  requirements .  
When t h i s  cond i t i on  e x i s t s ,  pumping t he  f low from the  bur ied  d r a i n  should be  
cons idered .  

S p e c i a l  s i t u a t i o n s  
U s e  of r e l i e f  w e l l s .  - A high  water  t a b l e  may be  caused by seepage under 
h y d r o s t a t i c  p r e s su re  i n  a  pervious s t r a t a  l o c a t e d  below a l e s s  perv ious  
s t r a t a ,  The presence  of h y d r o s t a t i c  p r e s su re  i n  seepage s p o t s  can be 
d e t e c t e d  by bor ing  h o l e s  i n  t h e  seepy a r e a .  Water may r i s e  i n  t h e  ho l e  
n e a r l y  t o  t h e  ground s u r f a c e  and may even overf low as from a  f lowing w e l l ,  

A r e l i e f  d r a i n  employing a  r e l i e f  we l l  t o  lower a  h igh  water  t a b l e  i s  i l l u s -  
t r a t e d  i n  F igure  4-13. This  ske tch  i l l u s t r a t e s  a cond i t i on  where very  s lowly 
permeable s u b s o i l  and subs t ra tum m a t e r i a l s ,  which extend below f e a s i b l e  d r a i n  
depth ,  a r e  unde r l a in  by permeable m a t e r i a l  under s u f f i c i e n t  h y d r o s t a t i c  
p r e s s u r e  t o  maintain t h e  w a t e r t a b l e  l e v e l  a t  o r  nea r  t h e  ground su r f ace .  By 
i n s t a l l i n g  t he  r e l i e f  w e l l s  i n t o  t h e  permeable m a t e r i a l ,  i t  is p o s s i b l e  t o  
lower t h e  water - tab le  l e v e l  by t h e  amount of t h e  e f f e c t i v e  head c r ea t ed .  The 
e f f e c t i v e  head is t h e  d i f f e r e n c e  i n  e l e v a t i o n  between t he  water - tab le  l e v e l  
be fo re  dra inage  and t he  water  s u r f a c e  i n  t h e  d r a i n .  The ope ra t i ng  head is  
the  e f f e c t i v e  head l e s s  f r i c t i o n  l o s s ,  en t r ance  l o s s e s ,  e t c .  i n  t h e  r e l i e f  
w e l l s .  The e f f e c t i v e  head should be  about 5 f e e t  o r  more be fo re  a t tempt ing  
t h i s  type  of i n s t a l l a t i o n .  The spac ing  of r e l i e f  w e l l s  must be  on a t r i a l  
b a s i s  f o r  any i n d i v i d u a l  case .  Re l ie f  w e l l s  should be  added t o  t h e  l i n e  u n t i l  
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Figure 4-12, Interception drain at outcrop of aquifer 



F i g u r e  4-13, Relief wel l  i n s t a l l a t i o n  



h y d r o s t a t i c  p r e s su re s  a r e  reduced t o  near  zero  a t  t he  water  s u r f a c e  i n  t h e  
d r a in .  I n v e s t i g a t i o n s  l e ad ing  up t o  an i n s t a l l a t i o n  of t h i s  kind must be 
thorough. The use  of r e l i e f  w e l l s  is  r e s t r i c t e d  t o  s p e c i a l  cases  where 
complete in format ion  i s  a v a i l a b l e  on subsur face  m a t e r i a l s  and ground-water 
cond i t i ons .  

The ske t ch  shown a s  F igure  4-14 i l l u s t r a t e s  a cond i t i on  where a  c o n s t r i c t e d  
a q u i f e r  f o r c e s  t h e  water  t a b l e  t o  t h e  ground su r f ace .  The subsur face  
m a t e r i a l s  p r e sen t  a r e  a s lowly  permeable sediment conta in ing  a  l e n s  o r  
s t r a t i f i c a t i o n  of very  permeable m a t e r i a l s  s e rv ing  a s  an a q u i f e r  f o r  ground- 
water  flow. Due t o  t he  c o n s t r i c t i o n  o r  "pinching-of f "  of t h e  a q u i f e r  forma- 
t i o n ,  i t s  capac i t y  i s  reduced and s u f f i c i e n t  h y d r o s t a t i c  p r e s su re  develops 
t o  cause t h e  water  t a b l e  t o  r i s e  t o  o r  near  t h e  s u r f a c e  o r  "dayl igh t"  a s  
shown. S i t u a t i o n s  of t h i s  type  a r e  d i f f i c u l t  t o  d e t e c t  and r e q u i r e  c a r e f u l  
subsur face  exp lo ra t i on .  Upon examinat ion,  t he  wet a r e a  u sua l l y  appears  a s  a 
seep a r e a  below a  d e f i n i t e  l i n e  of  seepage which can be t r aced  through the  
f i e l d .  

Sal t -water  i n t r u s i o n  i n  c o a s t a l  a r ea s .  - When p lanning  dra inage  i n  a r e a s  i n  
c l o s e  proximity t o  s e a  c o a s t s ,  c e r t a i n  p r ecau t ions  must be considered i n  
regard  t o  s a l t -wa te r  i n t r u s i o n .  Beneath c o a s t a l  a r e a s ,  t he  normal movement 
of f r e s h  ground water  toward t h e  s e a  u sua l l y  p r even t s  landward i n t r u s i o n  
of t he  denser  s e a  water ;  however, pumped w e l l  d r a i n s  o r  pumped s u r f a c e  and 
subsur face  dra inage  can r eve r se  t h i s  s i t u a t i o n .  I f  t h i s  happens, t h e  conse- 
quences can be s e r i o u s  because land once sub j ec t ed  t o  sa l t -water  i n t r u s i o n  is 
d i f f i c u l t  t o  rec la im.  

Guide l ines  f o r  p revent ion .  - - In  c o a s t a l  a r e a s  s a l t  water  is  p r e s e n t  i n  
underground s t r a t a  a t  a  depth equa l  t o  about  f o r t y  times t he  he igh t  of f r e s h  
water  above s e a  l e v e l  (5) .  This  i s  given by t he  Ghyben-Herzberg r e l a t i o n  
( r e f e r  t o  F igure  4-15), which expressed mathematical ly ,  i s  a s  fo l lows:  

(Eq .  4-1) 

where : 

z = The d i s t a n c e  from mean s e a  l e v e l  (MSL) t o  t he  
f r e s h  wa te r - s a l t  water  i n t e r f a c e .  

Pf = The d e n s i t y  of f r e s h  water .  

Ps = The dens i t y  of s e a  water .  

h  = The head of f r e s h  water  above MSL. ( see  F igure  4-15) 

assuming : 

Pf = 1.000 g/cm 3 

This  r e l a t i o n s h i p  i s  only approximate a s  t he  d e n s i t y  of s e a  water  v a r i e s  w i th  
temperature and t he  s a l t s  p r e s e n t ;  however, t h e  r a t i o  of 40.0 t o  1 . 0  is ade- 
qua te ,  a s  a  gene ra l  r u l e ,  f o r  t h e  purposes d i s cus sed  he re .  



F i g u r e  4-14, Interception drain i n  a constricted aquifer 



Figure 4-15, Fresh water -sa l t  water condi t ions  



From t h e  p r i o r  d i s cus s ion  i t  is  apparent  t h a t  i n  c o a s t a l  a r e a s ,  lowering o i  
t h e  water  t a b l e  1 f o o t  w i l l  cause a  40-foot r i s e  i n  t he  f r e s h  wa te r - s a l t  water  
i n t e r f a c e .  Lowering of t he  water  t a b l e  t o  mean s e a  l e v e l  w i l l  b r i n g  t he  
i n t e r f a c e  up t o  mean s e a  l e v e l  which w i l l  i n  most cases  render  t h e  land s a l t y  
and u n f i t  f o r  a g r i c u l t u r a l  use. 

A s  a  g e n e r a l  guide f o r  use  i n  planning pumped w e l l  d r a i n s  nea r  t h e  c o a s t ,  
w e l l s  should no t  pump from below mean s e a  l e v e l .  I n t e r i o r  b a s i n  we l l s  should 
bottom above t he  expected f r e s h  wa te r - s a l t  water  i n t e r f a c e  w i th  t he  a n t i c i -  
pa t ed  drawdown. Wells should be designed and developed f o r  minimum drawdown 
and b e  l oca t ed  s o  t h a t  drawdown is  d i s t r i b u t e d  a s  widely a s  p o s s i b l e .  

Planning a  subsur face  d r a inage  system (example) 

The fo l lowing  example i s  an i l l u s t r a t i o n  of t h e  use  of a  topographic map, 
water - tab le  contour  map, and a  depth t o  water - tab le  map i n  planning a  
d r a inage  system f o r  a  d r a inage  problem a r e a .  There a r e  s e v e r a l  ways a  
s o l u t i o n  t o  a  s i m i l a r  problem might be worked o u t .  One way i s  t o  prepare  a  
working map of t he  a f f e c t e d  a r ea  showing topographic and ground-water 
cond i t i ons .  S o i l  and s u b s o i l  condi t ions  a l s o  may be  shown on t he  map, bu t  i t  
is  u s u a l l y  b e t t e r  t o  i n d i c a t e  these  on a  s e p a r a t e  map o r  t a b u l a t i o n  t o  avoid 
too much d e t a i l  on one map. Transparent  ove r l ays ,  each showing s e p a r a t e  
f e a t u r e s ,  a r e  h e l p f u l  working t oo l s .  A base  map showing c u l t u r a l  and topo- 
g r aph i c  f e a t u r e s  can be  prepared on drawing paper  and ove r l ays  on t r anspa ren t  
s h e e t s  added t o  show s o i l ,  s u b s o i l ,  substratum, and ground-water condi t ions .  
Through t h i s  procedure working maps a r e  compiled which show t h e  p e r t i n e n t  
p h y s i c a l  cond i t i ons  necessary  f o r  t he  a n a l y s i s  of d r a inage  problems, The 
fo l lowing  is  a d i s cus s ion  on t h e  above method showing how such a  working map 
might b e  developed and used. Although t h e  example is  t h a t  of an  i r r i g a t e d  
farm t h e  same procedure is  used on n o n i r r i g a t e d  farmland. 

F igure  4-16 shows a  topographic map of an i r r i g a t e d  farm conta in ing  about 
480 a c r e s .  P a r t  of t h i s  farm is  wet and s u b j e c t  t o  a  h igh  water  t a b l e  and 
needs subsur face  d r a inage .  This  map shows t h e  u sua l  f e a t u r e s  t h a t  would be 
shown on any topographic map of an i r r i g a t e d  a r e a .  It w i l l  b e ' n o t e d  t h a t  
t h e  main i r r i g a t i o n  c a n a l  and a  few i r r i g a t i o n  f i e l d  d i t c h e s  a r e  shown. 
Sur face  contours  a r e  drawn on a  5- foot -ver t ica l  i n t e r v a l .  This  topographic 
map w i l l  s e r v e  as a ba se  f o r  t h e  working map t o  be developed. 

Table 4-3 is a t a b u l a t i o n  of ground-water in format ion  from 23  observa t ion  
w e l l s  on t h e  480-acre farm. The f i r s t  t h r e e  columns on t h e  l e f t  show we l l  
number, ground-surface e l e v a t i o n  a t  t h e  w e l l ,  and top of ca s ing  o r  "measuring 
po in t "  e l e v a t i o n  f o r  each wel l .  These a r e  d a t a  t h a t  can be compiled a f t e r  
e s t a b l i s h i n g  w e l l s  and completing l e v e l  surveys .  This  p a r t  of t h e  t a b l e  
should  be  s e t  up b e f o r e  making measurements of depth t o  water  t a b l e  i n  t he  
we l l s .  The depth t o  t h e  water  t a b l e  ( d i s t a n c e  from t h e  ground s u r f a c e  t o  t h e  
water - tab le  l e v e l )  and t he  water - tab le  e l e v a t i o n  reduced t o  a  s tanddrd  datum 
a r e  shown f o r  each w e l l  f o r  t he  per iod  of r eco rd ,  May through September. The 
pe r iod  of record ,  o r  t h e  per iod  over which w e l l  measurements a r e  made, v a r i e s  
from p r o j e c t  t o  p r o j e c t .  However, May through September w a s  adequate  t o  
s e l e c t  a  gene ra l  h igh  water - tab le  cond i t i on  i n  t h i s  p a r t i c u l a r  example. I n  
reviewing t he  t a b l e  i t  w i l l  b e  noted t h a t  t h e  h ighes t  water - tab le  read ing  f o r  
each w e l l ,  r e g a r d l e s s  of t h e  month i n  which i t  occur red ,  ha s  been marked by 
paren theses .  The number i n  paren theses  a t  t he  bottom of t h e  t a b l e  i n d i c a t e s  
t he  number of w e l l s  which showed t h e i r  h i g h e s t  reading i n  each month dur ing  
t h e  pe r iod  of record .  It is noted t h a t  August, dur ing  which 10 of t he  23  
obse rva t i on  w e l l s  showed t h e  h ighes t  water - tab le  l e v e l ,  is  t h e  c r i t i c a l  month 
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F i g u r e  4 - 1 6 ,  Working map--topography 



Table  4-3, Observa t ion  w e l l  d a t a  

E l e v a t i o n  

d e l l  

(No 
(1)  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  

Ground 
s u r f a c e  

Top of 
casing 

F e e t  ( F e e t  I F e e t  I F e e t  Feet F e e t  Feet 1 ( 1  ) 1 ) 75.2 

May 

w a t e r  
t a b l e  

(4) 

Septem er ?iTiij Depth 
t o  

Water ' 
t a b l e  

June  

e l e -  
v a t i o n  

(5) 

Depth 
t o  

w a t e r  
t a b l e  

( 1 2 )  
F e e t  
20.1 

J u l y  
' Water 

t a b l e  
w a t e r  
table  

(6  

e l e -  
v a t i o n  

(13) 
F e e t  
74.2 

Depth 
t o  

August 

10.8 67.4 
20.0 73.7 
1 5 . 1  68.9 

Water 
t a b l e  

Depth 
t o  

e l e -  
v a t i o n  

(7 

Water 
t a b l e  

water 
t a b l e  

(8) 

e l e -  
v a t i o n  

(9)  

w a t e r  
t a b l e  

(10) 

e l e -  
v a t i o n  

(11) 



o r  t h e  month i n  which water - tab le  l e v e l s  a r e  gene ra l l y  h igh  i n  t h i s  a r ea .  
The d a t a  shown f o r  August w i l l  b e  used i n  t h i s  example a s  i t  r e p r e s e n t s  t h e  
most s eve re  high water - tab le  cond i t i on  t h a t  occur red  dur ing  t he  crop season.  

F igure  4-17 i s  t he  same base  map a s  shown i n  F igure  4-16 wi th  some ground- 
water  in format ion  added. The l o c a t i o n s  of t h e  23 observa t ion  w e l l s  a r e  shown 
by sma l l  c i r c l e s  wi th  t he  w e l l  numbers i n d i c a t e d  by t he  f i g u r e s  w i t h i n  t h e  
c i r c l e s .  The e l e v a t i o n  of t h e  water  t a b l e  i n  each w e l l  f o r  August (Column 11, 
Table 4-3) has  been shown by t h e  f i g u r e s  ad j acen t  t o  each we l l .  (F igure  4-17). 
Using t h e s e  d a t a  and i n t e r p o l a t i n g  between w e l l s ,  t h e  ground-water contours  
have been drawn. These a r e  t he  dashed l i n e s  shown, and have been drawn on a  
5 - foo t -ve r t i c a l  i n t e r v a l  t o  correspond i n  i n t e r v a l  wi th  t he  s u r f a c e  contours .  

The ground-water contours  show t h e  con f igu ra t i on  of t he  water - tab le  s u r f a c e  
i n  t h e  same way t h a t  s u r f a c e  contours  show t h e  con f igu ra t i on  of t he  land 
su r f  ace.  

The d i r e c t i o n  of ground-water f low can be  determined from ground-water contour 
maps a s  i t  is i n  t he  d i r e c t i o n  of maximum s l o p e  o r  hyd rau l i c  g r a d i e n t  of t h e  
water  t a b l e .  From i n s p e c t i o n  of t h e  map, F igure  4-17> i t  is  obvious t h a t  t he  
ground-water flow i s  gene ra l l y  t o  t h e  south  w i th  minor v a r i a t i o n s  i n  l o c a l i z e d  
a r e a s .  The arrows on t h e  map i n d i c a t e  t h i s  d i r e c t i o n a l  flow. From t h i s  map 
i t  is  a l s o  p o s s i b l e  t o  determine t he  s l o p e  of t h e  ground-water s u r f a c e  o r  
t he  hyd rau l i c  g r ad i en t .  I n  t h i s  example t he  average d i s t ance  between 5-foot 
contours  i s  about 500 f e e t .  Therefore ,  t h e  hyd rau l i c  g r a d i e n t  is  about  
1 pe rcen t .  

F igure  4-18 uses  t h e  same base  map a s  F igures  4-16 and 4-17 and shows i n f o r -  
mation on t he  depth t o  ground water .  The e l e v a t i o n  of t h e  water  t a b l e  a t  each 
w e l l  ha s  been d e l e t e d  and i n  i ts  p l ace  t he  mipimum depth t o  t he  wa te r  t a b l e  
( i n  pa ren these s  i n  Table 4 - 3 )  has  been p l o t t e d  a t  t h e  l o c a t i o n  of each w e l l .  
With t h i s  information p l o t t e d  on t he  map, i t  is  p o s s i b l e  t o  d e l i n e a t e  a r e a s  
having a  s i m i l a r  depth t o  wa te r  t a b l e .  For t h i s  example a r e a s  having water- 
t a b l e  l e v e l s  w i th in  t he  range 0 t o  2 f e e t ,  2 t o  5 f e e t ,  and 5 t o  8 f e e t  have 
been d e l i n e a t e d  a s  shown by t h e  d o t  and dash l i n e s  on F igure  4-18. I n  t h i s  
example i t  was assumed t h a t  a  water - tab le  l e v e l  8  f e e t  o r . deepe r  was n o t  
s i g n i f i c a n t  i n  d r a i n a g e .  It w i l l  be noted t h a t  t h e  a r e a s  having t h e  water  
t a b l e  8 f e e t  o r  deeper a r e  marked "8+ f e e t . "  

The d a t a  used i n  developing t h e  "depth t o  water"  f e a t u r e  on t he  working map 
inc lude  obse rva t i on  w e l l  read ings  f o r  s e v e r a l  months covering t h e  e n t i r e  
per iod  of record .  The d a t a  used i n  developing t h e  ground-water contours  were 
taken from one s e t  of obse rva t i on  w e l l  read ings  f o r  August. For t h i s  reason 
t he  depth t o  water  a s  shown g ives  a  p i c t u r e  of t he  most s eve re  water - tab le  
cond i t i on  a t  each w e l l  dur ing  t h e  e n t i r e  pe r iod  of record .  Ground-water 
contours  must always be  drawn from water - tab le  measurements of t h e  same da t e .  

F igure  4-19 i s  t he  completed working map showing a l l  of t he  f e a t u r e s  developed 
p rog re s s ive ly  by t he  prev ious  maps. A "depth t o  water"  legend has  been added 
t o  d e l i n e a t e  a r e a s  wi th  d i f f e r e n t  water - tab le  l e v e l s .  The informat ion  given 
on a  working map such a s  t h i s ,  p l u s  d a t a  from subsu r f ace  bor ings ,  i s  gene ra l l y  
adequate  f o r  planning a  subsur face  dra inage  system. I n  t h i s  p a r t i c u l a r  
example, t h e  working map developed shows t h e  fol lowing:  

1. The d i r e c t i o n  of ground-water flow i s  g e n e r a l l y  from n o r t h  
t o  south  wi th  some minor v a r i a t i o n s .  



I 

Figure 4-17, Working map--ground-water contours 



Figure  4-18, Working map--depth to ground water 



Figu re  4-19, Working map--completed 



The average s l o p e  of t h e  water  t a b l e  o r  hyd rau l i c  g r ad i en t  is  about  
1 pe rcen t ,  which i s  r a t h e r  s t e e p ,  i n d i c a t i n g  s t rong  ground-water flow, 
t h e  q u a n t i t y  depending on t he  pe rmeab i l i t y  of t he  s o i l  s t r a t a  and 
hyd rau l i c  g r ad i en t .  

The l o c a t i o n  and e x t e n t  of t h e  h igh  water - tab le  a r ea .  

The r e l a t i v e  degree of wetness  w i t h i n  t h e  wet a r e a s  a s  shown 
by t he  legend. 

The con f igu ra t i on  of t h e  water - tab le  s u r f a c e  w i th in  t h e  wet a r ea  
and immediately ad j acen t  a r ea .  

The completed working map i n  F igure  4-19 shows some of t h e  more commonly used 
graphic  r ep re sen t a t i ons  of in format ion  necessary  f o r  planning a  dra inage  
system except  f o r  in format ion  on s u b s o i l  and subs t ra tum m a t e r i a l .  Usual ly i t  
i s  n o t  necessary  t o  show t h i s  in format ion  on t he  working map; however, i t  can 
be shown i f  i t  i s  needed. When logs  of subsu r f ace  bor ings  a r e  prepared ,  i t  is  
easy  t o  make r e f e r ence  t o  cond i t i ons  a t  t he  l o c a t i o n  of each bor ing .  A t  t h i s  
s t a g e  of development of t h e  working map the  gene ra l  type  of d r a i n  o r  d r a i n s  
t o  be i n s t a l l e d  can be determined and t h e  l o c a t i o n s  f i x e d  w i th in  approximate 
l i m i t s .  Refer r ing  t o  F igure  4-19, i t  i s  obvious from t h e  l o c a t i o n  of the wet 
a r e a  and t he  d i r e c t i o n  of ground-water flow t h a t  t h e  source  of excess  ground 
water  is  e i t h e r  from cana l  seepage o r  from i r r i g a t i o n  l o s s e s .  For t h i s  
example, i t  w i l l  be assumed t h a t  c ana l  seepage has  been i n v e s t i g a t e d  and found 
t o  be a  f a c t o r  i n  con t r i bu t i ng  t o  t he  h igh  water  t a b l e ,  b u t  n o t  s u f f i c i e n t  i n  
i t s e l f  t o  have caused t h i s  wet condi t ion .  The source  of water  is  a  combina- 
t i o n  of c ana l  seepage and gene ra l  l o s s e s  from i r r i g a t i o n .  Under t h i s  s e t  
of cond i t i ons  and wi th  a  water - tab le  g r a d i e n t  of about  1 pe rcen t ,  an i n t e r -  
cept ion-type d r a i n  would be recommended. The d r a i n  should be l oca t ed  about 
perpendicu la r  t o  t he  d i r e c t i o n  of ground-water flow and i n  a  p o s i t i o n  nea r  t he  
upper edge of t he  wet a r e a .  I n  many l o c a t i o n s  t he  i n t e r c e p t i o n  d r a i n  w i l l  
i n t e r c e p t  t he  water  causing a  h igh  water  t a b l e  below i t  and w i l l  have a  
drawdown e f f e c t  above i t  s u f f i c i e n t  t o  lower t h e  water  t a b l e  and r e l i e v e  t h a t  
a r e a .  The combination of r e l a t i v e l y  high pe rmeab i l i t y  and s t e e p  g r a d i e n t  
i n d i c a t e s  t h a t  a l a r g e  ground-water flow i s  involved.  The proper  l o c a t i o n  f o r  
a  d r a i n  is shown i n  F igure  4-19. For t h i s  example, i t  i s  assumed t h a t  s u b s o i l  
and substratum p e r m e a b i l i t i e s  a r e  s a t i s f a c t o r y  f o r  a  d r a i n  a t  t h i s  l o c a t i o n  
and t h a t  an adequate o u t l e t  i s  a v a i l a b l e  f o r  t h e  d r a in .  

F igure  4-20 shows a  c ro s s - s ec t i ona l  p r o f i l e  (nor th  and south)  from w e l l  no. 3 
through w e l l  no. 18.  This  i l l u s t r a t e s  t he  p o i n t s  d i scussed  before .  It i s  
o f t e n  d e s i r a b l e  t o  examine c e r t a i n  condi t ions  by drawing c ros s - s ec t i ona l  
p r o f i l e s  such a s  t he  one i n  F igure  4-20 which shows the  r e l a t i v e  p o s i t i o n  
of t he  ground su r f ace  and t he  water - tab le  l e v e l .  When s u b s o i l  m a t e r i a l s  a r e  
s t r a t i f i e d  o r  when t h e r e  is  a  d e f i n i t e  a q u i f e r  p r e s e n t ,  t h e  l o c a t i o n  of t he  
top and bottom horizon should be p l o t t e d  on t h e  p r o f i l e .  This  enables  a  

- -- 

b e t t e r  l o c a t i o n  of t he  d r a i n  t o  be  made r e l a t i v e  t o  t he  p o s i t i o n  of t he  
s t r a t i f i e d  l a y e r .  Often i t  i s  necessary  t o  s h i f t  t h e  d r a i n  l o c a t i o n  upslope 
o r  downslope t o  g e t  t h e  b e s t  p o s i t i o n  r e l a t i v e  t o  subsur face  m a t e r i a l s .  

This  example i l l u s t r a t e s  cond i t i ons  where an i n t e r cep t ion - type  d r a i n  would be 
employed. A s i m i l a r  method of compiling and an lyz ing  d a t a  would apply under 
cond i t i ons  where a  r e l i e f  d ra inage  system would be used. I n  e i t h e r  case  t he  
dra inage  system recommended might i nc lude  open d i t c h e s  o r  bur ied  d r a i n s .  The 
purpose of t h i s  example is  t o  i l l u s t r a t e  a method f o r  assembling t h e  d a t a  
ob ta ined  from va r ious  surveys ,  s t u d i e s ,  and i n v e s t i g a t i o n s .  This  method, o r  



F i g u r e  4-20, Profile--Figure 4-19 



some s i m i l a r  method of ana lyz ing  a v a i l a b l e  d a t a ,  i s  necessary  be fo re  a c t u a l  
de s ign  work on t he  i nd iv idua l  d ra inage  system and appur tenant  s t r u c t u r e s  can 
be s t a r t e d .  

Design of Subsurface Drains 

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

The dra inage  c o e f f i c i e n t  is  t h a t  r a t e  of water  removal, used i n  dra inage  
des ign ,  t o  o b t a i n  t he  d e s i r e d  p r o t e c t i o n  of c rops  from excess  s u r f a c e  and 
subsur face  water .  The d ra inage  c o e f f i c i e n t  can be  expressed i n  a  number 
of u n i t s ,  inc lud ing  depth of water  i n  inches  t o  be removed i n  a  s p e c i f i c  t ime, 
flow r a t e  p e r  u n i t  of a r e a ,  and i n  terms of flow r a t e  pe r  u n i t  o f  a r e a ,  which 
r a t e  v a r i e s  wi th  t he  s i z e  of t h e  a r e a .  The l a s t  is  used most f r equen t ly  f o r  
s u r f a c e  d r a inage  design and t h e  f i r s t  most f r e q u e n t l y  f o r  subsur face  des ign .  

Humid a r e a s  
I n  t h e  humid a r e a s  i t  i s  common p r a c t i c e  t o  express  t h e  dra inage  c o e f f i c i e n t  
f o r  subsur face  dra inage  i n  u n i t s  of inches  depth removal i n  24 hours .  This  
c o e f f i c i e n t  i s  c l o s e l y  r e l a t e d  t o  t h e  c l ima te ,  and i n f i l t r a t i o n  cha rac t e r -  
i s t i c s  o f  t h e  s o i l s ;  t h e r e f o r e ,  w i th in  a r e a s  of s i m i l a r  c l i m a t i c  and s o i l s  
c h a r a c t e r i s t i c s  t h e r e  i s  s i m i l a r i t y  i n  dra inage  c o e f f i c i e n t s .  For t h i s  reason 
i t  is  p o s s i b l e  t o  e s t a b l i s h  ranges of d ra inage  c o e f f i c i e n t s  t h a t  a r e  app l i -  
c ab l e  t o  l a r g e  a r e a s .  The gene ra l  guides given i n  t he  fol lowing t a b l e  a r e  
based on many y e a r s  of d r a inage  exper ience  and l i s t  ranges of c o e f f i c i e n t s  
a p p l i c a b l e  i n  humid a r ea s .  

1. When t h e  land t o  b e  dra ined  has a  s e p a r a t e  s u r f a c e  d r a inage  system, 
dra inage  c o e f f i c i e n t s  g iven  i n  Table 4-4 have been used i n  t h e  
no r the rn  humid a r e a .  Data on s o i l  pe rmeab i l i t y  and c l ima te  should 
be  considered i n  developing c o e f f i c i e n t s  f o r  a  s p e c i f i c  a r e a .  

Table 4-4, Drainage c o e f f i c i e n t s  wi thout  surface-water  i n l e t s  
I 

S o i l  

2 .  Where i t  is necessary  t o  admit s u r f a c e  water  t o  d r a i n s  through s u r f a c e  
i n l e t s ,  an adjustment  i n  t h e  requi red  capac i t y  of t he  d r a i n  must be 
made. Runoff from an  a r e a  se rved  by a  surface-water  i n l e t  t akes  p l ace  
soon a f t e r  p r e c i p i t a t i o n  and e n t e r s  t he  d r a i n  ahead of t h e  ground 
water .  I n  s h o r t  l i n e s  o r  smal l  d r a inage  systems where on ly  one o r  
two i n l e t s  a r e  i n s t a l l e d  t he  s i z e  of t h e  d r a i n  may n o t  need t o  be  
i nc r ea sed .  A s  dra inage  systems become l a r g e r  o r  t he  i n l e t s  more 
numerous, an adjustment  t o  t he  d r a inage  c o e f f i c i e n t  should be made. 
The t iming of t he  surface-water  flow i n  r e l a t i o n  t o  t he  en t r ance  
of ground water  i n t o  t h e  d r a i n  should be t h e  b a s i s  of i n c r e a s i n g  t he  
c o e f f i c i e n t  over  those  shown i n  Table  4-4. 

Mineral  
Organic 

3. A h ighe r  c o e f f i c i e n t  than those  given i n  Table 4-4 may be  necessary  t o  
hold crop damage t o  a  minimum. The g r e a t  v a r i a t i o n  i n  dra inage  
requirements  i n d i c a t e s  t h e  n e c e s s i t y  f o r  c a r e f u l  observa t ions  and anal-  
y se s  i n  e s t a b l i s h i n g  c o e f f i c i e n t s .  

Inches t o  be  removed i n  24 hours  

F i e l d  Crops 

Inches 
3 / 8 1  2 
112 - 314 

Truck Crops 

Inches 
1 / 2 - 1 4  
314 - 1-112 



Arid a r e a s  
I n  a r i d  a r e a s ,  d ra inage  c o e f f i c i e n t s  app l i cab l e  t o  l o c a l  i r r i g a t e d  a r e a s  
a r e  h igh ly  v a r i a b l e  and depend on the  amount of i r r i g a t i o n  water  app l i ed ,  
t h e  method of i r r i g a t i o n ,  t h e  leaching  requirement ,  and t h e  c h a r a c t e r i s t i c s  
of t h e  s o i l  and subsur face  ma te r i a l s .  I t  i s  necessary t o  develop drainage 
c o e f f i c i e n t s  f o r  s p e c i f i c  a r ea s  based on eva lua t ion  of t he  above f a c t o r s  
and experience i n  t h e  a r ea .  From a c t u a l  surveys  (6)  made on one mi l l i on  
a c r e s  of i r r i g a t e d  land ,  i t  is known t h a t  the  y i e l d  from subsurface  d ra in s  
may range from 0.10 t o  40.0 c f s  p e r  mi le  of d r a i n .  Recent s t u d i e s  made on 
e i g h t  i nd iv idua l  farm p r o j e c t s  i n d i c a t e  t h a t  t h e  d r a i n  y i e l d s  ranged from 0.13 
t o  3.90 c f s  pe r  mi le  of d ra in .  Other measurements have been made which ind i -  
c a t e  a  wide v a r i a t i o n .  With such a  wide v a r i a t i o n  i n  y i e l d ,  c o e f f i c i e n t s  must 
be based upon good i n v e s t i g a t i o n s  and l o c a l  experience w i th in  a  given a r ea .  

I n  i r r i g a t e d  a r e a s  where t h e r e  i s  i n s u f f i c i e n t  experience t o  e s t a b l i s h  
accep tab l e  drainage c o e f f i c i e n t s  f o r  gene ra l  use ,  they can be computed from 
the  fo l lowing  formula based on i r r i g a t i o n  a p p l i c a t i o n :  

( E q .  4 - 2 )  

where : 

q = dra inage  coef f ic ien t - - inches  p e r  hour 

P = deep pe rco l a t i on  from i r r i g a t i o n  inc luding  leaching  
requirement--percent (based on consumptive-use s t u d i e s )  

C = f i e l d  cana l  losses--percent 

i = i r r i g a t i o n  applicat ion-- inches 

F = frequency of i r r iga t ion- -days  

The fol lowing example i l l u s t r a t e s  t he  use of t h i s  formula: 

1. From consumptive-use s t u d i e s ,  deep pe rco l a t i on  from i r r i g a t i o n  
is  20 pe rcen t .  

2.  F i e ld  cana l  l o s s e s  a r e  est imated t o  be  8 percent  of t he  
water  app l i ed .  

3. The ope ra to r  a p p l i e s  a  6-inch i r r i g a t i o n  each 14 days. 

F igure  4-21 i s  a c h a r t  f o r  t he  g raph ica l  s o l u t i o n  of t h i s  equat ion.  The 
previous example can be solved by the  c h a r t  a s  fol lows:  

Step 1. Add t h e  percentage deep p e r c o l a t i o n  l o s s  t o  t h e  percentage 
cana l  l o s s  (P + C) and f i nd  t h i s  va lue  on the  l e f t  hand v e r t i c a l  
s c a l e .  



Step 2. From t h i s  p o i n t  fo l low h o r i z o n t a l l y  t o  t he  r i g h t  t o  i n t e r c e p t  
t h e  i r r i g a t i o n  a p p l i c a t i o n  ( i )  curve.  

Step 3. Follow v e r t i c a l l y  up o r  down a s  t h e  case  may be t o  i n t e r c e p t  
t h e  a p p l i c a t i o n  frequency (F) curve. 

Step 4. Follow h o r i z o n t a l l y  t o  t he  r i g h t  hand v e r t i c a l  s c a l e  and 
read  ( q )  t he  dra inage  c o e f f i c i e n t .  

From informat ion  and d a t a  c u r r e n t l y  a v a i l a b l e ,  i t  is  known t h a t  d ra inage  
c o e f f i c i e n t s  app l i cab l e  t o  i r r i g a t e d  land range from about 0.005 inch  p e r  
hour t o  0 .01  inch  pe r  hour. Drainage c o e f f i c i e n t s  f o r  i r r i g a t e d  a r e a s  a r e  
gene ra l l y  sma l l e r  than f o r  n o n i r r i g a t e d  a r e a s  even though the  t o t a l  amount 
of water  app l i ed  through i r r i g a t i o n  may be t he  same a s  p r e c i p i t a t i o n  i n  t he  
n o n i r r i g a t e d  a r e a s .  The reason f o r  t h i s  is  t h a t  i r r i g a t i o n  a p p l i c a t i o n s  
a r e  made a t  r e g u l a r  i n t e r v a l s  and i n  l i k e  amounts, which tends t o  suppor t  a  
s t e ady  and uniform ground-water r e t u r n  flow t o  t h e  d r a i n s .  I n  n o n i r r i g a t e d  
a r e a s  t h e  frequency and i n t e n s i t y  of p r e c i p i t a t i o n  is  h igh ly  v a r i a b l e  which 
tends t o  make t he  r e t u r n  f low t o  d r a i n s  v a r i a b l e  wi th  peak flows occu r r i ng  
i n  t h e  ground-water regime. 

I n  many i r r i g a t e d  a r e a s ,  d r a inage  systems a r e  planned on a  p r o j e c t  b a s i s  and 
may encompass e n t i r e  co rpo ra t e  i r r i g a t i o n  e n t e r p r i s e s  which may inc lude  a  
number of farms and ranches,  conta in ing  s e v e r a l  thousand a c r e s  of land 
needing dra inage .  I n  planning dra inage  systems of t h i s  magnitude i t  is 
common p r a c t i c e  t o  p l an  a  pro jec t - type  system of d i s p o s a l  d i t c h e s  o r  d r a i n s  
t o  s e r v e  each farm o r  ranch i n  t h e  group e n t e r p r i s e .  

The d i s p o s a l  system is  f inanced  and cons t ruc ted  through the  group e n t e r p r i s e  
and t he  i n d i v i d u a l  farm o r  ranch c o l l e c t i o n  systems a r e  f inanced and construc-  
t ed  by t h e  i n d i v i d u a l  landowner. 

I n  l a r g e  developments of t h e  type  d i scussed  above t h e r e  a r e  condi t ions  and 
s i t u a t i o n s  which warran t  a r eeva lua t i on  of t h e  dra inage  c o e f f i c i e n t  a p p l i c a b l e  
t o  des ign  of t h e  d i s p o s a l  system. I n  gene ra l ,  t he  des ign  capac i ty  f o r  t he  
d i s p o s a l  system can be based on lower dra inage  c o e f f i c i e n t s  than those  gener- 
a l l y  app l i ed  t o  t he  c o l l e c t i o n  system. Experience based on measurements 
of d i s cha rge  from s c a t t e r e d  p r o j e c t s  i n d i c a t e  t h a t  t he  r e t u r n  flow from l a r g e  
i r r i g a t e d  t r a c t s  i s  i n  t he  g e n e r a l  range of  2 t o  4 c f s  per  square  mi l e .  This 
is  about  30 pe rcen t  l e s s  than t h e  r e t u r n  flow d i r e c t l y  t o  t he  c o l l e c t i o n  
system and is  due t o  a  number of i n t a n g i b l e  f a c t o r s  such a s :  ground-water 
expor t  through deep p e r c o l a t i o n  t o  r e g i o n a l  a q u i f e r s ;  consumptive use  by 
t r e e s  and phreatophytes  w i th in  t h e  gene ra l  p r o j e c t  a r e a ;  pumping of ground 
water  f o r  n o n a g r i c u l t u r a l  uses ;  land temporar i ly  removed from i r r i g a t i o n  
because of  economic o r  c u l t u r a l  management p r a c t i c e s ,  e t c . ,  t he  t o t a l  of 
which has  a s i g n i f i c a n t  e f f e c t  on r eg iona l  r e t u r n  flows. Drainage c o e f f i -  
c i e n t s  recommended f o r  d ra inage  of s p e c i f i c  s o i l s  i n  a p a r t i c u l a r  a r e a  may 
b e  found i n  l o c a l  drainage guides  i f  a v a i l a b l e .  These a r e  based on l o c a l  
i n v e s t i g a t i o n s  and experience.  
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Design capac i t y  

Rel ie f  d r a i n s  
I n  t h e  ca se  of p a r a l l e l  r e l i e f  d r a i n s  t he  a r e a  se rved  by t he  d r a i n  i s  equa l  
t o  t h e  spac ing  times t he  l eng th  of t h e  d r a i n  p l u s  one-half t he  spac ing .  The 
d ischarge  can be expressed by t he  fo l lowing  formula: 

(Eq. 4-3) 

where: 

Qr  = r e l i e f  d r a i n  discharge--cfs  

q = dra inage  coe f f i c i en t - - i n . / h r .  

S = d r a i n  spacing--feet  

L = dra in  length--feet  

Reference i s  made t o  F igure  4-22, which shows a  p a r a l l e l  r e l i e f  d r a i n  system. 
The system con ta in s  e i g h t  l a t e r a l  d r a i n s  and one main d r a i n  t o  t he  o u t l e t .  
The shaded a r e a  i n d i c a t e s  t h e  a r e a  dra ined  by one of t h e  l a t e r a l  d r a i n s .  The 
fol lowing example i l l u s t r a t e s  t h e  use  of Equation 4-3 i n  computing t he  design 
capac i t y  f o r  one l a t e r a l  i n  t he  system shown. 

Example: (Refer  t o  symbols on F igure  4-22) 

1. d r a i n  spacing--300 f e e t  

2.  d r a i n  length--1 ,100 f e e t  

3 .  dra inage  coeff icient--0.008 i n . / h r .  

This  i s  t h e  des ign  d ischarge  of t he  l a t e r a l  a t  i t s  po in t  of confluence w i th  
t h e  main d r a i n .  The dra inage  system i l l u s t r a t e d  con t a in s  e i g h t  l a t e r a l s  of 
t he  same l e n g t h  and wi th  equa l  spac ing;  t h e r e f o r e ,  t he  design capac i t y  of t he  
main d r a i n  would be (8) (0.069) = 0.552 c i s  p l u s  t he  d i r e c t  a c c r e t i o n  t o  t he  
main d r a in .  

The main which i s  2,250 f e e t  i n  l e n  t h  is e f f e c t i v e  on one s i d e  only and there-  
f o r e  would c o l l e c t  0.5(2*250 + 15'?x .069 = 0.066 c i s  and t h e  d i scharge  of 

1 ,100 + 150 
t h e  main, a t  t he  po in t  where i t  l eaves  t he  f i e l d  would be (0.56) + (0.06) = 

0.62 c f s .  Each of t he  l a t e r a l  d r a i n s  i n  t h e  above example has a  des ign  d i s -  
charge t h a t  v a r i e s  uniformly from 0.07 c f s  a t  i t s  o u t l e t  t o  zero  a t  i t s  
terminus.  The design d ischarge  of t he  main v a r i e s  uniformly from 0.62 c f s  t o  
0.07 c f s  a t  i t s  confluence w i th  t he  l a s t  l a t e r a l  i n  t he  system. This imme- 
d i a t e l y  sugges t s  t h a t  v a r i a b l e  s i z e  d r a i n s  might be used i n  t he  system and 
t h i s  p o i n t  w i l l  be  d i scussed  i n  a l a t e r  s e c t i o n  of t h i s  chapter .  

F igure  4-23 is a  c h a r t  prepared f o r  t he  g r aph i ca l  s o l u t i o n  of t he  d i s cha rge  
equa t ion  (Eq . 4-3) . 



Figure  4-22, Sketch of relief drain system showing symbols in equat ion  4-3 



Example : 

1. d r a i n  spacing--200 f e e t  

2 .  drainage coef f  icient--0.02 i n .  /hr .  

3. d r a i n  length  --3,000 f e e t  

Refer r ing  t o  Figure 4-23, f i n d  spacing of 200 f e e t  on t h e  l e f t  o rd ina t e ;  
fol low hor i zon ta l ly  t o  the r i g h t  t o  i n t e r s e c t  t he  drainage c o e f f i c i e n t  curve 
f o r  va lue  of 0.02; from t h i s  po in t  fol low v e r t i c a l l y  t o  i n t e r s e c t  t he  d ra in  
length  curve f o r  t he  value of  3,000; from t h i s  p o i n t  follow hor i zon ta l ly  t o  
the  r i g h t  o rd ina t e  t o  read va lue  of design d ischarge  equal  t o  0.30 c f s .  

In t e rcep t ion  d ra ins  
The capac i ty  of i n t e rcep t ion  d ra ins  must be equal  t o  the  ground-water flow 
in t e rcep ted .  The r a t e  of flow is i n  accord wi th  the  Darcy Law, which s t a t e s  
t h a t  t he  v e l o c i t y  of flow of water  through porous ma te r i a l  i s  propor t ional  t o  
t he  hydrau l i c  conductivi ty and hydrau l i c  g rad ien t .  The equation may be s t a t e d :  

v  = K i  (Eq. 4-4) 

where : 

v = ve loc i ty  of flow through the  porous medium 

K = the  hydraul ic  conduct iv i ty  

i = the  hydraul ic  g rad ien t  (undtsturbed s t a t e )  

The flow of water i n t e rcep ted  (Q) i s  equal  t o  the  average v e l o c i t y  mul t ip l i ed  
by t h e  cross-sec t ional  a r ea  (A) of the  a q u i f e r  i n t e r s e c t e d  below t h e  water  
t ab l e .  Therefore,  the equation f o r  flow through a  porous ma te r i a l  is  a s  
follows : 

Q = K I A  (Eq. 4-5) 

Applying t h i s  t o  an in t e rcep t ion  d r a i n ,  t h e  c ross-sec t ional  a r ea  i n t e r s e c t e d  
i s  equal  t o  t he  e f f e c t i v e  depth of t h e  d r a i n  ( v e r t i c a l  d i s t ance  from the  
bottom of t he  d r a i n  t o  the  water- table l e v e l )  times the  length  of t he  d r a i n .  
S ta ted  i n  mathematical form i t  is:  

A = d e L  (Eq. 4-6) 

where : 

A = cross-sec t ional  a r ea  intersected--sq.  f t .  

de = average e f f e c t i v e  depth of the  dra in- - f t .  

L = l ength  of t he  drain-f t .  

Combining equations 4-5 and 4-6 and co r rec t ing  f o r  u n i t s ,  the  equation f o r  
t he  des ign  d ischarge  of an i n t e r c e p t i o n  d r a i n  is:  
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( E q .  4-7) 

where : 

Qi = design d i s cha rge  of an I n t e r c e p t i o n  drain--cfs  

K = hydrau l i c  conduct iv i ty - - in . /h r .  

i = hydrau l i c  g r a d i e n t  of t h e  undis turbed  water  
table--£ e e t  p e r  f o o t  

de = average e f f e c t i v e  d r a i n  depth--feet 

L = l eng th  of d ra in- - fee t  

The above equa t ion  has  s e v e r a l  l i m i t a t i o n s  when appl ied  i n  a c t u a l  p r a c t i c e .  
The Darcy Law, on which i t  i s  based,  assumes a  homogeneous s o i l  p r o f i l e ,  a  
uniform hyd rau l i c  conduc t iv i t y  throughout t h e  s o i l  p r o f i l e  and an accu ra t e  
de te rmina t ion  of t he  c ro s s - s ec t i ona l  a r e a .  The f i r s t  two assumptions 
s t i p u l a t e  condi t ions  t h a t  a r e  r a r e l y ,  i f  e v e r ,  found i n  n a t u r e ;  however, some 
s i t e  cond i t i ons  may approach t he se .  Use of t h i s  formula must be reserved  f o r  
cond i t i ons  t h a t  approach t h e s e  i d e a l i s t i c  s i t e  cond i t i ons .  

The fo l lowing  is  an example i l l u s t r a t i n g  t he  u se  of Equation 4-7. 

1. The average hyd rau l i c  conduc t iv i t y  computed from va lues  measured a t  
va r ious  p o i n t s  a long t he  r o u t e  of t h e  I n t e r c e p t i o n  d r a i n  is  10  i n . / h r .  

2. The hyd rau l i c  g r a d i e n t  o r  s l o p e  of t h e  o r i g i n a l  water - tab le  s u r f a c e  
i s  0.05 f e e t  p e r  f o o t .  

3 .  The e f f e c t i v e  depth of t h e  d r a i n  i s  7.0 f e e t .  

4. The l eng th  of t h e  d r a i n  i s  4,500 f e e t .  

I n  a r e a s  where use  of t h e  formula is  n o t  a p p l i c a b l e  and where t h e r e  i s  no 
exper ience  w i th  i n t e r c e p t i o n  d r a i n s ,  i t  is o f t e n  d e s i r a b l e  t o  c o n s t r u c t  a 
p i l o t  d i t c h .  By measuring t h e  d i scharge  from t h e  p i l o t  d i t c h  an accu ra t e  
d i s cha rge  f i g u r e  can be ob ta ined  t o  des ign  t he  proper  d r a i n  s i z e .  I n  some 
a r e a s  t h i s  two-step method is  an  accepted p r a c t i c e  f o r  i n s t a l l a t i o n  of i n t e r -  
c ep t i on  d r a i n s .  The c o s t  of i n s t a l l a t i o n  i s  u s u a l l y  h ighe r  bu t  due t o  b e t t e r  
in format ion  on requi red  capac i t y  t he  c o r r e c t  s i z e  of d r a i n  can be  determined. 
This  may be s u b s t a n t i a l l y  sma l l e r  than would be s e l e c t e d  on t he  b a s i s  of l e s s  
accu ra t e  in format ion ,  and may r e s u l t  i n  more than  enough sav ing  t o  o f f s e t  t he  
c o s t  of two-step cons t ruc t i on .  

Combination s u r f a c e  and subsur face  dra inage  systems 
I t  is  common p r a c t i c e  t o  i n s t a l l  systems t o  s e r v e  both s u r f a c e  and subsur face  
d r a inage  needs.  I n  systems employing only open d i t c h e s ,  t he  d i t c h e s  a r e  made 
deep enough f o r  subsur face  d r a inage  and s u r f a c e  water  is admit ted through drop 
s t r u c t u r e s  of va r ious  types .  I n  systems employing bur ied  d r a i n s  f o r  sub- 
s u r f a c e  dra inage ,  t h e  system inc ludes  land forming p r a c t i c e s  and f i e l d  d i t c h e s  
f o r  s u r f a c e  dra inage  and bu r i ed  d r a i n s  f o r  subsur face  dra inage .  The l a r g e r  
l a t e r a l s  and mains of t h e  d i s p o s a l  system a r e  open d i t c h e s .  Sur face  water  is 
routed  t o  t he  open d i t c h e s  where i t  i s  admit ted t o  t h e  system through drop 



s t r u c t u r e s .  It should  n o t  be  admi t ted  t o  b u r i e d  d r a i n s  a s  i t  c a r r i e s  d e b r i s  
which may p l u g  t h e  d r a i n .  I n  unusual  s i t u a t i o n s  where t h e r e  i s  no a l t e r n a t i v e  
t o  a d m i t t i n g  s u r f a c e  w a t e r  t o  a  b u r i e d  d r a i n ,  t h e  l i n e  should  b e  p r o t e c t e d  
from d e b r i s  and sediment  a s  d e s c r i b e d  l a t e r  i n  t h i s  c h a p t e r .  

The r e q u i r e d  c a p a c i t y  o f  dual-purpose d i t c h e s  is  t h e  sum of  t h e  des ign  d i s -  
charge  from s u b s u r f a c e  d r a i n s  and t h e  d e s i g n  d i s c h a r g e  from s u r f a c e  d i t c h e s .  
S u r f a c e  w a t e r  i n c l u d e s  i r r i g a t i o n  t a i l  w a t e r ,  runof f  from p r e c i p i t a t i o n ,  and 
f l o o d i n g  t h a t  may occur  i n  t h e  even t  of t h e  f a i l u r e  o f  i r r i g a t i o n  c a n a l s  
s e r v i n g  t h e  a r e a .  Under normal c o n d i t i o n s  t h e  c a p a c i t y  of open d i t c h e s  used 
i n  combination systems is  more than  adequa te  because of t h e  dep th  r e q u i r e d  
f o r  s u b s u r f a c e  d r a i n a g e .  However, t h e  c a p a c i t y  should b e  checked. 

Depth and spac ing  of d r a i n s  

Genera l  
Cons iderab le  i n f o r m a t i o n  and d a t a  have been c o l l e c t e d  and s t u d i e d  t o  develop 
c r i t e r i a  f o r  computing t h e  dep th  and s p a c i n g  of r e l i e f - t y p e  d r a i n s .  Con- 
v e r s e l y ,  v e r y  l i t t l e  h a s  been done t o  develop t e c h n i c a l  c r i t e r i a  t o  compute 
t h e  d e p t h  and spac ing  f o r  i n t e r c e p t i o n - t y p e  d r a i n s .  The des ign  of i n t e r -  
c e p t i o n  d r a i n s  is  based  l a r g e l y  on e x p e r i e n c e .  It is p o s s i b l e  t o  p r e s e n t  
some of t h e  known and observed  c h a r a c t e r i s t i c s  t o  s e r v e  a s  a  gu ide  t o  t h e  
d e s i g n e r .  

F i g u r e s  4-24a and 24b a r e  s k e t c h e s  t o  i l l u s t r a t e  t h e  change i n  c o n f i g u r a t i o n  
of t h e  w a t e r  t a b l e  b e f o r e  and a f t e r  t h e  i n s t a l l a t i o n  of a  d i t c h  o r  d r a i n  f o r  
r e l i e f  d r a i n a g e .  F i g u r e  4-24a shows an open r e l i e f  d i t c h  and F i g u r e  4-24b 
shows a  r e l i e f  d r a i n .  R e l i e f  d i t c h e s  and d r a i n s  a r e  l o c a t e d  approximately  
p a r a l l e l  t o  t h e  d i r e c t i o n  of ground-water f low o r  where t h e  w a t e r  t a b l e  i s  
r e l a t i v e l y  f l a t  and w i l l  develop s i m i l a r  drawdown curves  on e i t h e r  s i d e  
of t h e  d i t c h  o r  d r a i n .  The new h y d r a u l i c  g r a d i e n t  w i l l  b e  composed of two 
s i m i l a r  curves  on e i t h e r  s i d e  of t h e  d r a i n .  I t  fo l lows  t h a t  lower ing  of t h e  
w a t e r  t a b l e  on e i t h e r  s i d e  of t h e  d r a i n  w i l l  b e  i n  t h e  same amount a t  equa l  
d i s t a n c e s  on e i t h e r  s i d e  of t h e  d r a i n .  R e l i e f  d r a i n s  a r e  u s u a l l y  i n s t a l l e d  
i n  series ( p a r a l l e l  system) such t h a t  t h e i r  a r e a s  of i n f l u e n c e  o v e r l a p  and 
t h e  new h y d r a u l i c  g r a d i e n t  is  a  s e r i e s  of curves  ( e l l i p s e s )  w i t h  t h e  h i g h  
p o i n t  i n  t h e  curves  b e i n g  a t  t h e  midpoint  between d r a i n s .  

F i g u r e s  4-25a and 4-25b a r e  s k e t c h e s  (exaggera ted  s l o p e )  t o  i l l u s t r a t e  t h e  
change i n  c o n f i g u r a t i o n  of t h e  wate r  t a b l e  subsequent  t o  i n s t a l l a t i o n  of a n  
i n t e r c e p t i o n  d i t c h  o r  d r a i n .  F igure  4-25a shows an  i n t e r c e p t i o n  d i t c h  and 
4-25b an  i n t e r c e p t i o n  d r a i n .  I n t e r c e p t i o n  d i t c h e s  and d r a i n s  "skim-off" o r  
d i v e r t  t h e  upper p o r t i o n  of ground-water f low,  and i f  f u l l y  e f f e c t i v e ,  
shou ld  lower  t h e  wate r  t a b l e  t o  n e a r  t h e  l e v e l  of t h e  f low l i n e  i n  t h e  d r a i n .  

I n t e r c e p t i o n  d i t c h e s  and d r a i n s  a r e  e f f e c t i v e  f o r  a  c o n s i d e r a b l e  d i s t a n c e  
below o r  downslope from t h e  d i t c h  o r  d r a i n  b u t  a r e  less e f f e c t i v e  above o r  
ups lope  from i t .  The new h y d r a u l i c  g r a d i e n t  ups lope  from t h e  i n t e r c e p t o r  i s  
much s t e e p e r  than  t h a t  downslope. Under average  f i e l d  c o n d i t i o n s  i t  u s u a l l y  
c o i n c i d e s  w i t h  t h e  o r i g i n a l  g r a d i e n t  a t  a p o i n t  less than  300 f e e t  above t h e  
i n t e r c e p t o r ,  depending on t h e  dep th  of t h e  d r a i n ,  e t c .  For t h i s  reason  
i n t e r c e p t i o n  d i t c h e s  and d r a i n s  a r e  l o c a t e d  n e a r  t h e  upper  edge of  t h e  wet 
a r e a  t o  b e  p r o t e c t e d .  

I n  t h e o r y ,  i f  t h e r e  were no  a c c r e t i o n  t o  ground w a t e r  below t h e  l o c a t i o n  
of t h e  i n t e r c e p t i o n  d r a i n  i t  would be e f f e c t i v e  an  i n f i n i t e  d i s t a n c e  down- 
s l o p e .  The new downslope h y d r a u l i c  g r a d i e n t  would b e  p a r a l l e l  t o  t h e  o r i g i n a l  



F i g u r e  4-24a, Relief d i t c h  

F i g u r e  4-24b, Relief d r a i n  



F i g u r e  4-25a,  I n t e r c e p t i o n  d i t c h  

F igu re  4-25b, I n t e r c e p t i o n  d r a i n  



(before  dra inage)  and a t  a  d i s t a n c e  below i t ,  equa l  t o  t h e  e f f e c t i v e  depth 
of t h e  i n t e r c e p t i o n  d ra in .  Under f i e l d  cond i t i ons  t h i s  never  occurs  a s  t h e r e  
i s  always a c c r e t i o n  from i r r i g a t i o n  o r  p e r c o l a t i o n  from p r e c i p i t a t i o n ,  and 
t h e  new hyd rau l i c  grade l i n e  i s  a  f l a t  curve which i s  t a n g e n t i a l  t o  t h e  
o r i g i n a l  g r a d i e n t  a t  some p o i n t  downslope from t h e  d r a i n .  The s l o p e  of t h i s  
downslope hyd rau l i c  grade l i n e  w i l l  va ry  w i th  t h e  amount of a c c r e t i o n  from 
i r r i g a t i o n  o r  p r e c i p i t a t i o n  a s  t he  ca se  may be. The d i s t a n c e  below an  i n t e r -  
c ep t i on  d r a i n  t o  which i t  w i l l  be e f f e c t i v e  i n  lowering t h e  water  t a b l e  
involves  many f a c t o r s ,  bu t  is  r e l a t e d  p r i m a r i l y  t o  a c c r e t i o n s  t o  ground water  
i n  t h e  a r e a  immediately below t h e  d r a in .  Accre t ions  i nc lude  gene ra l  irri- 
g a t i o n  l o s s e s ,  pe r co l a t i on  from r a i n f a l l ,  l e ach ing  a p p l i c a t i o n s ,  c a p i l l a r y  
f r i n g e  f lows above t he  p h r e a t i c  l i n e ,  and t h e  "bridging-over flow" over  t h e  
i n t e r c e p t i o n  d ra in .  These l a t t e r  two a r e  ve ry  d i f f i c u l t  t o  eva lua t e .  They 
may be s i g n i f i c a n t  f o r  bu r i ed  d r a i n s  i n  s t e e p  a r e a s  b u t  a r e  n o t  a  problem i n  
open d i t c h e s .  Gravel  envelopes and porous t r ench  b a c k f i l l  w i l l  reduce t he se  
bypass f lows.  It is  reasonable  t o  assume t h a t  a c c r e t i o n s  t o  t he  downslope 
water  t a b l e  w i l l  be about t h e  same i n  a r e a s  where i r r i g a t i o n  methods, c l i m a t i c  
cond i t i ons ,  s l o p e  and s o i l  cond i t i ons  a r e  s i m i l a r .  It fo l lows  t h a t  t h e  draw- 
down e f f e c t  below i n t e r c e p t i o n  d i t c h e s  and d r a i n s  where these  cond i t i ons  a r e  
s i m i l a r ,  w i l l  be about t h e  same. 

F igure  4-26  is an i some t r i c  ske t ch  showing both  r e l i e f  and i n t e r c e p t i o n  d r a i n s ,  
i n  s i t u s ,  t o  i l l u s t r a t e  t h e i r  e f f e c t  i n  a l t e r i n g  t he  con f igu ra t i on  of t h e  
water  t a b l e .  I t  w i l l  be no ted  t h a t  t h e  hyd rau l i c  g r a d i e n t  f o r  t he  undis turbed  
s t a t e  ( i )  , i n  Figure 4 - 2 6 ,  has  a  p o s i t i v e  v a l u e ,  perpendicu la r  t o  t h e  i n t e r -  
c ep t i on  d r a i n  b u t  i s  equa l  t o  ze ro  perpendicu la r  t o  t h e  r e l i e f  d r a i n s  a s  
shown. From t h i s  i t  is apparen t  t h a t  t he  s l o p e  of t h e  o r i g i n a l  water - tab le  
s u r f a c e  ( i )  is  a  f a c t o r  i n  t h e  func t ion ing  of an  i n t e r c e p t i o n  d r a i n  b u t  has  
no i n f l u e n c e  i n  t h e  way a  r e l i e f  d r a i n  func t i ons .  

T h e o r e t i c a l l y ,  t he  p r o p o r t i o n a l  amount of ground water  d ive r t ed  o r  removed by 
t h e  i n t e r c e p t i o n  d r a i n  is  t h e  p ropo r t i on  of t he  depth of t he  d r a i n  t o  t he  
t o t a l  depth of t he  a q u i f e r  above t h e  b a r r i e r  (7 ) .  I f  t h e  i n t e r c e p t i o n  d r a i n  
i s  p laced  on t he  b a r r i e r  and has  adequate  capac i t y  t o  c o l l e c t  and remove t he  
ground water  p r e sen t  (with no br idging-over  e f f e c t )  i t  w i l l  remove a l l  of 
t h e  flow from t h e  a q u i f e r .  

A b a r r i e r  i s  def ined  a s  a  l e s s  permeable s t r a tum,  continuous over  a major 
p o r t i o n  of t h e  a r e a  t o  be d r a ined ,  and of such t h i cknes s  a s  t o  provide  a  
p o s i t i v e  d e t e r r e n t  t o  t h e  downward p e r c o l a t i o n  of ground water .  The hyd rau l i c  
conduc t iv i t y  of  t he  b a r r i e r  m a t e r i a l  must be  l e s s  than 10  pe rcen t  of t h a t  
of t h e  ove r ly ing  m a t e r i a l  i f  i t  is t o  be considered a s  a  b a r r i e r .  

A s  prev ious ly  s t a t e d ,  r e l i e f  d r a i n s  have a  drawdown e f f e c t  e q u i d i s t a n t  on 
e i t h e r  s i d e  of t he  d r a i n .  The drawdown curves t h a t  develop a s  a r e s u l t  of 
d r a inage ,  a r e  descr ibed  mathematical ly  by t h e  Modified E l l i p s e  equa t i on  a s  
given l a t e r  i n  t h i s  chap t e r .  This  equa t ion  has  a  f a c t o r  f o r  t h e  depth  t o  t h e  
b a r r i e r  which reduces t h e  spac ing  a s  t he  depth t o  b a r r i e r  i s  reduced. 

From t h e  above d i s cus s ion  on r e l i e f  and i n t e r c e p t i o n  d r a i n s ,  two s i g n i f i c a n t  
p o i n t s  have been emphasized. F i r s t ,  t he  d i s t a n c e  t o  which i n t e r c e p t i o n  
d r a i n s  a r e  e f f e c t i v e  i n  lowering t h e  water  t a b l e  v a r i e s  wi th  t h e  s l o p e  of t he  
hyd rau l i c  grade l i n e  o f  t h e  original water-table s u r f a c e ,  but  i s  n o t  l i m i t e d  
by t h e  p o s i t i o n  of t he  b a r r i e r .  Secondly, t h e  d i s t a n c e  t o  which r e l i e f  d r a i n s  
a r e  e f f e c t i v e  i n  lowering t he  water  t a b l e  v a r i e s  wi th  t he  p o s i t i o n  of t h e  
b a r r i e r ,  b u t  i s  n o t  in f luenced  by t he  s l o p e  of t h e  hyd rau l i c  grade l i n e  of t h e  
o r i g i n a l  water - tab le  s u r f a c e .  These p o i n t s  sugges t  t h a t  r e l i e f  d r a i n s  may be 



Figure  4-26, I sometr ic  profiles relief and in te rcep t ion  d ra ins  



more s u i t a b l e  t o  some s i t e  c o n d i t i o n s  and i n t e r c e p t i o n  d r a i n s  more s u i t a b l e  t o  
o t h e r s ,  b u t  t h e  cho ice  of which t o  u s e  w i l l  be  l a r g e l y  dependent on t h e  dep th  
t o  b a r r i e r  and t h e  h y d r a u l i c  g r a d i e n t  of t h e  w a t e r  t a b l e  a t  t h e  s i t e .  Two 
ge?era l  r u l e s  t h a t  have been f a i r l y  w e l l  e s t a b l i s h e d  through f i e l d  e x p e r i e n c e  
a r e  a s  f o l l o w s :  

1. Where a  b a r r i e r  i s  p r e s e n t  a t  sha l low d e p t h s  ( twice  t h e  d r a i n  dep th  
o r  l e s s ) ,  t h e  e f f e c t  of r e l i e f  d r a i n s  i s  s e r i o u s l y  reduced and i n t e r -  
c e p t i o n  d r a i n s  should  b e  cons idered ,  o t h e r  f a c t o r s  be ing  s u i t a b l e .  

2. Where t h e  h y d r a u l i c  g r a d i e n t  o f  t h e  w a t e r  t a b l e  i s  low, t h e  e f f e c t  
of i n t e r c e p t i o n  d r a i n s  is  s e r i o u s l y  reduced and r e l i e f  d r a i n s  should  
b e  cons idered ,  o t h e r  f a c t o r s  b e i n g  s u i t a b l e .  

R e l i e f  d r a i n s  
Humid a r e a s .  - I n  t h e  humid a r e a s  of t h e  Uni ted S t a t e s ,  dep th  and s p a c i n g  of  
d r a i n s  have been l a r g e l y  determined by exper ience  and judgment f o r  s p e c i f i c  
s o i l  c o n d i t i o n s .  Recommendations have been made i n  most a r e a s  f o r  d r a i n  
dep th  and spac ing  i n  t h e  m a j o r i t y  of s o i l s  need ing  d r a i n a g e .  Optimum d r a i n  
dep th  f o r  l a t e r a l s  i s  i n f l u e n c e d  by s o i l  p e r m e a b i l i t y ,  s p a c i n g ,  optimum d e p t h  
of w a t e r  t a b l e ,  c r o p s ,  dep th  t o  impervious s t r a t a ,  and o u t l e t  d e p t h  f o r  t h e  
system. I n  m i n e r a l  s o i l s  t h e  minimum cover  over  t h e  d r a i n  should  be  2 f e e t  
and i n  o r g a n i c  s o i l s  2 .5  f e e t .  The d r a i n  t r e n c h  dep th  u s u a l l y  v a r i e s  from 
30 t o  60 i n c h e s .  I n c r e a s i n g  t h e  d e p t h  of t h e  d r a i n  where p r a c t i c a l ,  w i l l  
pe rmi t  t h e  u s e  of wider  s p a c i n g .  

Spacing fo rmulas  have been used s u c c e s s f u l l y  i n  t h e  humid a r e a .  F u r t h e r  
c o r r e l a t i o n  between Various  fo rmulas  and r e s u l t s  o b t a i n e d  from e x i s t i n g  
i n s t a l l a t i o n s  a r e  needed t o  de te rmine  t h e  s p e c i f i c  formula which can b e  used 
most s u c c e s s f u l l y  t o  determine d r a i n  spac ing  on l a n d  where e x p e r i e n c e  is  
l a c k i n g .  

I r r i g a t e d  a r e a s .  - I n  i r r i g a t e d  a r e a s  of t h e  s e m i a r i d  and a r i d  p a r t  o f  t h e  
Uni ted S t a t e s ,  t h e  dep th  o f  d r a i n s  depends upon t h e  same f a c t o r s  a s  i n  t h e  
humid a r e a s  w i t h  t h e  a d d i t i o n a l  requirement  f o r  c o n t r o l  of s a l i n i t y .  Th is  
u s u a l l y  r e q u i r e s  a  dep th  of d r a i n s  from 6 t o  1 2  f e e t .  Experience w i t h  
e f f e c t i v e  i n s t a l l a t i o n s  i n  s p e c i f i c  a r e a s  is u t i l i z e d  t o  s e l e c t  d r a i n  d e p t h s .  
I n d i v i d u a l  i n v e s t i g a t i o n s  a r e  r e q u i r e d  t o  de te rmine  t h e  most e f f e c t i v e  depth 
f o r  d r a i n s .  I n  g e n e r a l ,  d r a i n s  should  b e  a s  deep a s  p r a c t i c a l  and economical 
c o n s i d e r i n g  equipment a v a i l a b l e  and c o s t  of c o n s t r u c t i o n  and maintenance.  
The dep th  of t h e  o u t l e t  shou ld  b e  adequate  t o  permi t  i n s t a l l a t i o n  o f  d r a i n s  
a t  t h e  dep th  r e q u i r e d  and t o  d i s c h a r g e  above low f low i n  t h e  o u t l e t .  Th is  
may r e q u i r e  a  sump and pump. The s p a c i n g  of d r a i n s  may b e  uniform f o r  a  g iven  
s o i l  and w i l l  depend upon t h e  h y d r a u l i c  c o n d u c t i v i t y  of t h e  s o i l  f o r  t h e  p re -  
determined dep th ,  t h e  r e q u i r e d  dep th  of drawdown midway between t h e  d r a i n ,  
on t h e  a p p l i c a b l e  d r a i n a g e  c o e f f i c i e n t ,  and on t h e  d e p t h  t o  t h e  b a r r i e r .  

E l l i p s e  e q u a t i o n .  - A f t e r  t h e  dep th  of t h e  d r a i n  h a s  been determined t h e  
s p a c i n g  may b e  computed by formula.  The p a r t i c u l a r  formula s e l e c t e d  f o r  
computing t h e  spac ing  of r e l i e f  d r a i n s  is  i n f l u e n c e d  by s i t e  c o n d i t i o n s  and 
e x p e r i e n c e  o b t a i n e d  from d r a i n s  i n s t a l l e d  by u s e  of t h e  formula.  The e l l i p s e  
e q u a t i o n  is  used e x t e n s i v e l y  t o  determine t h e  s p a c i n g  of r e l i e f - t y p e  d r a i n s .  
It i s  u s u a l l y  expressed i n  t h e  f o l l o w i n g  form ( r e f e r  t o  F i g u r e  4-27).  

s = 
\/4 K (m2 + 2 a  m) 

(Eq. 4-8) 
q  



Figure 4-27, Cross-sectional sketch showing symbols used in ellipse equation 



where : 

S = d r a i n  spacing--feet  

K = average  h y d r a u l i c  conduc t iv i ty - - in . /h r .  

m = v e r t i c a l  d i s t a n c e ,  a f t e r  drawdown, of w a t e r  t a b l e  
above d r a i n  a t  midpoint  between l i n e s - - f e e t  

a  = depth  of b a r r i e r  below dra in - - fee t  

q  = d r a i n a g e  c o e f f i c i e n t - - i n . / h r .  

d  = depth  of d ra in - - fee t  

c  = depth  t o  w a t e r  t a b l e  des i red- - fee t  

NOTE: The u n i t s  of K and q may be i n  " inches  removal i n  24 hours" o r  " g a l l o n s  
p e r  s q u a r e  f o o t  p e r  day" b u t  b o t h  must be  i n  t h e  same u n i t s  i n  t h i s  e q u a t i o n .  

The e l l i p s e  e q u a t i o n  is based  on t h e  assumption t h a t  t h e  s t r e a m l i n e s  of f low 
i n  a  g r a v i t y  system a r e  h o r i z o n t a l  and t h a t  t h e  v e l o c i t y  of f low is propor-  
t i o n a l  t o  t h e  h y d r a u l i c  g r a d i e n t  o r  t h e  f r e e  w a t e r  s u r f a c e .  Although i t  i s  
known t h a t  t h e s e  assumptions a r e  o n l y  approximate ,  they  may approach a c t u a l  
c o n d i t i o n s  v e r y  c l o s e l y  under  c e r t a i n  s i t e  c o n d i t i o n s .  For  t h i s  reason  use  
of t h e  formula should be l i m i t e d  t o  t h e  f o l l o w i n g  c o n d i t i o n s :  

1. Where ground-water f low i s  known t o  be l a r g e l y  i n  a  h o r i z o n t a l  
d i r e c t i o n .  Examples of t h i s  a r e  s t r a t i f i e d  s o i l s  w i t h  r e l a t i v e l y  
permeable l a y e r s  a c t i n g  a s  h o r i z o n t a l  a q u i f e r s .  

2 .  Where s o i l  and s u b s o i l  m a t e r i a l s  a r e  u n d e r l a i n  by a  b a r r i e r  a t  
r e l a t i v e l y  sha l low d e p t h s  ( t w i c e  t h e  dep th  of t h e  d r a i n  o r  l e s s )  
which r e s t r i c t s  v e r t i c a l  f low and f o r c e s  t h e  ground w a t e r  t o  f low 
h o r i z o n t a l l y  toward t h e  d r a i n .  

3. Where open d i t c h e s  a r e  used ,  o r  where d r a i n s  w i t h  sand and g r a v e l  
f i l t e r s  o r  porous t r e n c h  b a c k f i l l  m a t e r i a l s  a r e  used.  These a r e  
c o n d i t i o n s  where t h e r e  is  a minimum of r e s t r i c t i o n  t o  f low i n t o  
the d r a i n  i t s e l f  and where convergence o f  f low a t  t h e  d r a i n  is  
s l i g h t .  

Example 1: 

The f o l l o w i n g  example i s  g iven  t o  i l l u s t r a t e  t h e  u s e  of t h i s  e q u a t i o n  when 
v a r i a b l e  ( a )  does  n o t  exceed t h e  v a l u e  of v a r i a b l e  ( d ) .  (F igure  4-27). 

1. P a r a l l e l  r e l i e f  d r a i n s  a r e  t o  be i n s t a l l e d  a t  a  depth of 8 f e e t  
(d = 8) .  

2 .  S u b s o i l  b o r i n g s  i n d i c a t e  an impervious b a r r i e r  of sha l e  a t  a  dep th  
of 1 5  f e e t  below t h e  ground s u r f a c e :  a  = (15 - d)  = 7. 

3 .  The minimum dep th  t o  w a t e r  t a b l e  d e s i r e d ,  a f t e r  d r a i n a g e ,  i s  
5  f e e t  (c = 5 ) ,  t h e r e f o r e :  m = (d - c )  = 3 .  



4. The average hyd rau l i c  conduc t iv i t y  of t h e  subsu r f ace  m a t e r i a l s  
i s  2 inches  p e r  hour (K = 2) .  

5 .  The a p p l i c a b l e  dra inage  c o e f f i c i e n t  f o r  t he  a r e a  is  0.01 i n . / h r .  
( q  = 0.01) .  

S  = 
\/4 (2) (32 + 2 (7) 3) 

0.01 = 202 f e e t  

I n  a c t u a l  p r a c t i c e  t h i s  would be ad ju s t ed  t o  conform wi th  f i e l d  dimensions. 
The p r e c i s i o n  of t he  d a t a  i s  such t h a t  an adjustment  of 5 pe rcen t  i n  t h e  
spac ing  is  considered permiss ib le .  

Graphica l  s o l u t i o n  of Example 1: 

Figure  4-28 ( shee t s  1 and 2) a r e  c h a r t s  f o r  t he  g r aph i ca l  s o l u t i o n  of t h i s  
equa t ion .  I n  o rde r  t o  use  t he se  c h a r t s  i t  i s  necessary  t o  know the  va lues  
of a ,  m ,  K ,  and q. To i l l u s t r a t e  t he  use  of t he  c h a r t s  t h e  example given 
above i s  solved.  V e r t i c a l  s c a l e s  a r e  on t h e  s h o r t  dimension of c h a r t s .  

a  = 7 f e e t  

m = 3 f e e t  

(m + a )  = 10  f e e t  

S tep  1. Refe r r i ng  t o  F igure  4-28 ( s h e e t  l ) ,  f i n d  a  = 7 on t h e  lef t -hand 
v e r t i c a l  s c a l e .  P r o j e c t  t h i s  h o r i z o n t a l l y  t o  t h e  r i g h t  and f i n d  t he  
p o i n t  where i t  i n t e r s e c t s  t he  curve (m + a )  = 10. From t h i s  p o i n t  fo l low 
t h e  v e r t i c a l  l i n e  up o r  down, a s  t he  case  may b e ,  t o  i n t e r s e c t  t he  r a d i a l  
dashed l i n e  K = 2. From t h i s  p o i n t  fo l low t h e  h o r i z o n t a l  l i n e  t o  t he  
right-hand v e r t i c a l  s c a l e  and read t h e  index  number, 410. Note t h i s  index  
number down f o r  con t inua t i on  of t h e  s o l u t i o n  on F igure  4-28 ( shee t  2 ) .  

Step 2. Re fe r r i ng  t o  F igure  4-28 ( s h e e t  2 ) ,  f i n d  t h e  index number 410 
on t h e  right-hand v e r t i c a l  s c a l e .  P r o j e c t  t h i s  p o i n t  h o r i z o n t a l l y  t o  t h e  
l e f t  t o  i n t e r s e c t  w i th  t he  curved l i n e  q  = 0.01. From t h i s  po in t  fo l low 
v e r t i c a l l y  down t o  r ead  t he  spacing S  = 203. This  is the  spac ing  i n  f e e t .  
This  spacing i s  w e l l  w i th in  t he  5 pe rcen t  e r r o r  and should be ad ju s t ed  
w i t h i n  accep t ab l e  l i m i t s  t o  t h e  spac ing  which w i l l  most n e a r l y  f i t  t he  
dimensions of t h e  f i e l d  t o  be  dra ined .  For  example, assume t h e  dimension 
of t h e  f i e l d ,  perpendicu la r  t o  t he  d i r e c t i o n  of t h e  d r a i n s ,  is  1,320 f e e t .  
S i x  d r a i n s  w i l l  g i v e  a  spacing of 220 f e e t ,  which i s ' t o o  g r e a t .  Seven 
d r a i n s  w i l l  g i ve  a spac ing  of 188 f e e t ,  which is  s a t i s f a c t o r y .  

Modified e l l i p s e  equa t ion .  - As p rev ious ly  d i scussed  i n  t h e  t e x t ,  t he  e l l i p s e  
equa t i on  is  s a t i s f a c t o r y  f o r  computing d r a i n  spac ing  where t he  flow of ground 
wa te r  is  l a r g e l y  h o r i z o n t a l ,  where t h e  depth t o  b a r r i e r  i s  l e s s  than twice 
t h e  d r a i n  depth and where open d i t c h e s  o r  d r a i n s  o r  d r a i n s  w i th  sand-gravel 
envelopes o r  porous t r ench  b a c k f i l l  m a t e r i a l s  a r e  used. This  w i l l  r e s u l t  i n  
only a  s l i g h t  convergence of flow a t  t h e  d r a i n s  which can be ignored.  For 
cond i t i ons  where convergence is s i g n i f i c a n t ,  i t  i s  necessary  t o  modify t he  
e l l i p s e  equat ion.  This  is  t r u e  f o r  t h e  fo l lowing  s i te  cond i t i ons .  
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1. Where s o i l s  and s u b s o i l s  a r e  deep homogeneous m a t e r i a l s  wi thout  
h o r i z o n t a l  s t r a t i f i c a t i o n .  

2. Where b a r r i e r s ,  i f  p r e s e n t ,  a r e  a t  dep ths  i n  excess  of twice t he  
d r a i n  depth.  

3. Where d r a i n s  a r e  p laced  wi thout  porous f i l t e r s  and where t h e  t rench  
b a c k f i l l  m a t e r i a l s  have a  low permeabi l i ty .  

These a r e  condi t ions  where t h e r e  i s  s i g n i f i c a n t  r e s t r i c t i o n  t o  flow i n t o  t he  
d r a i n  i t s e l f  and where convergence of  flow a t  t h e  d r a i n  i s  s i g n i f i c a n t .  

Formulas t o  t ake  i n t o  cons ide ra t i on  t he  r a d i a l  flow around d r a i n s  have been 
developed by Hooghoudt and E rns t  ( s ee  Chapter 1, page 1-21). S o i l  Conserva- 
t i o n  S e r v i c e  personnel  have prepared c h a r t s  f o r  t he  d i r e c t  s o l u t i o n  of d r a i n  
spacing based on Hooghoudt's t a b l e s  and t h e  u n i t s  of measurement l i s t e d  on 
page 4-59, 

Hooghoudt's procedure (8) involves  de te rmina t ion  of a n  "equivalent  depth" t o  
t he  b a r r i e r  below the  d r a i n  and s u b s t i t u t i n g  t h i s  f o r  t he  a c t u a l  depth t o  
b a r r i e r  i n  t h e  e l l i p s e  equa t ion .  This  procedure i s  d iscussed ,  among o t h e r s ,  
by Bouwer and van Schl i fgaarde  (9) .  The c h a r t s  mentioned above a r e  no t  a 
d i r e c t  s o l u t i o n  of t he  e l l i p s e  equa t ion  b u t  g i v e  a  g r aph i ca l  s o l u t i o n  of a  
modified e l l i p s e  equa t ion  i n  which an equ iva l en t  depth has  been s u b s t i t u t e d  
f o r  t he  depth  t o  b a r r i e r .  

The va lue  of ( a ) ,  t h e  depth t o  b a r r i e r ,  a s  used i n  t he se  c h a r t s  i s  t he  a c t u a l  
depth t o  b a r r i e r  below t h e  d r a i n .  

1. Graphica l  s o l u t i o n  - depth t o  b a r r i e r  known. Figure 4-29 ( shee t s  1, 
2, and 3) a r e  a c t u a l l y  p a r t s  of t h e  same c h a r t  which has  been sub- 
d iv ided  i n t o  p a g e s i z e s h e e t s  f o r  i n c l u s i o n  i n  t h i s  handbook. These 
c h a r t s  g i v e  a  g r aph i ca l  s o l u t i o n  of t he  modified e l l i p s e  equa t ion .  

The g raph i ca l  s o l u t i o n  f o r  t he  modified e l l i p s e  equa t ion  (us ing  
F igure  4-29) i s  s a t i s f a c t o r y  where t he  depth t o  b a r r i e r  a f f e c t s  t he  
d r a i n  spacing s i g n i f i c a n t l y .  This is  where t he  spacing i s  up t o  
about  fou r  times t h e  depth t o  b a r r i e r  o r  S/a  i s  g r e a t e r  than  fou r .  

The f a c t o r s  needed f o r  s o l u t i o n  by t he se  c h a r t s  a r e  a ,  m ,  K ,  and q as 
def ined  on page 4-59 f o r  t h e  e l l i p s e  equa t ion .  I n  us ing  t h e s e  c h a r t s  
i t  i s  necessary  t o  f i r s t  compute t he  va lues  of  q / ~  and m/a and then  
s e l e c t  t h e  app rop r i a t e  c h a r t .  The range of each c h a r t  i s  a s  fo l lows:  

F igure  Values of q / ~  Values of m/a 

4-29 ( shee t  1 )  0.0004 - 0.05 0.02 - 0.30 

4-29 ( shee t  2) 0.001 - 0.10 0.30 - 7.0 

4-29 ( shee t  3) 

From the  proper  c h a r t  f i n d  t he  po in t  of i n t e r s e c t i o n  f o r  va lues  of 
q/K and m/a and i n t e r p o l a t e  f o r  t he  va lue  of S /a  from the  curves given. 
Mul t ip ly  t he  S / a  va lue  ob ta ined  times t he  va lue  of (a)  t o  o b t a i n  t he  
spac ing .  Use of t he se  c h a r t s  i s  i l l u s t r a t e d  by t he  fol lowing example: 
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Example 2:  

Determine t h e  spacing f o r  t h e  condi t ions  given i n  Example 1 i l l u s t r a t i n g  
use  of t h e  e l l i p s e  equat ion ,  4-8, page 4-57: 

where: 

a  = 7 f e e t  

m = 3 f e e t  

So lu t ion :  

Refer t o  Figure 4-29 ( shee t  2 ) ,  f i n d  S /a  = 28.  

S S = - x a = 28 x 7 = 196 f e e t  
a  

The spac ing  i s  s l i g h t l y  l e s s  than t h e  202 f e e t  obtained by us ing  t h e  
e l l i p s e  equat ion.  D i f f e r ing  va lues  w i l l  be obta ined  f o r  most cases  where 
t h e  depth t o  b a r r i e r  is l e s s  than twice t he  d r a i n  depth a s  prev ious ly  d i s -  
cussed. It w i l l  no t  be t h e  case ,  where t he  b a r r i e r  is  a t  a  g r e a t e r  depth. 

2 .  Graphical  so lu t ion  - no b a r r i e r  p r e sen t  o r  depth t o  b a r r i e r  g r e a t e r  than 
one-fourth est imated spacing.  Where t h e r e  i s  no known b a r r i e r  p r e sen t  o r  
where i t s  depth below the  t i l e  is  g r e a t e r  than one-fourth t he  est imated 
spac ing ,  t h e  b a r r i e r  w i l l  have no e f f e c t  on t h e  ope ra t ion  of t h e  r e l i e f  
d r a in .  For t h i s  case  t h e  b a r r i e r  w i l l  be  considered t o  be i n f i n i t e l y  
deep and t h e  method descr ibed  above is  n o t  app l i cab l e  a s  t he re  is  no 
r e a l i s t i c  va lue  f o r  (a ) .  The sma l l e s t  S / a  va lue  given i n  Figure 4-29 
( shee t  1) i s  equal  t o  fou r .  I f  t he  va lue  of S/a  is  l e s s  than f o u r ,  t he  
s o l u t i o n  can be found by us ing  Figure  4-30, which i s  d iscussed  below. 

The c h a r t  shown as F-igure 4-30 has  been prepared f o r  graphica l  s o l u t i o n  
of t h e  modified e l l i p s e  equat ion  f o r  t h e  case  where t he  depth t o  b a r r i e r  
i s  considered t o  be i n f i n i t e .  It w i l l  b e  noted t h a t  on t h i s  c h a r t  t he  
v e r t i c a l  s c a l e  is  i n  u n i t s  of q / ~  and t h e  h o r i z o n t a l  s c a l e  i n  u n i t s  of ( S ) ,  
t h e  d r a i n  spacing.  The fami ly  of curves on t h i s  c h a r t  is  drawn f o r  
s e l e c t e d  va lues  of (m) .  To use  t h i s  c h a r t  i t  i s  necessary t o  know t h e  
va lue  of q/K and (m) . Find q/K on the  v e r t i c a l  s c a l e ;  p r o j e c t  t h i s  
h o r i z o n t a l l y  t o  t he  r i g h t  t o  t h e  proper  curve f o r  t h e  va lue  of (m) and 
from t h i s  po in t  fol low v e r t i c a l l y  down t o  read  the  va lue  of ( S )  on the  
h o r i z o n t a l  s ca l e .  This  i s  the  spacing i n  f e e t .  

Example: Determine t h e  spac ing  f o r  t he  previous problem, assuming a l l  
condi t ions  t h e  same except  t h a t  t h e r e  is  no b a r r i e r  p r e sen t ,  o r  t h a t  i t s  
depth is  g r e a t e r  than one-fourth t he  es t imated  spacing where: 
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The va lue  of (m) i s  g iven .  When m = 3 (from t h e  c h a r t ,  F igure  4-30) 

S =  380 f e e t .  

Nomographs f o r  t he  c a l c u l a t i o n  of d r a i n  spac ings  have been developed by 
W. F.  J .  van Beers,  Senior  Research O f f i c e r ,  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Land 
Reclamation and Improvement, Wageningen, t h e  Netherlands.  Nomographs a r e  
inc luded  f o r  c a l c u l a t i o n  of d r a i n  spacing by use  of t he  Hooghoudt and E rns t  
formulas ,  and f o r  de te rmina t ion  of d r a i n  spac ing  i n  accord wi th  t h e  t r a n s i e n t  
flow concept developed by Glover and Dumm. See r e f e r ences  ( 6 ,  7 ,  8 ,  10 ,  and 
11) i n  Chapter 1. The nomographs inc luded  i n  B u l l e t i n  8  of t he  I n s t i t u t e  a r e  
convenient  t o  use  when measurements a r e  i n  m e t r i c  u n i t s .  

Van Beers '  nomographs f o r  s o l u t i o n  of t h e  Hooghoudt formula a r e  a p p l i c a b l e  t o  
d r a i n s  i n  a  homogeneous s o i l ,  and where t he  d r a i n s  a r e  on o r  below the  i n t e r -  
f a c e  between two s o i l s  of d i f f e r e n t  p e r m e a b i l i t i e s .  When the  d r a i n s  a r e  above 
t he  i n t e r f a c e ,  t h e  s o l u t i o n  given by t he  E rns t  formula is app l i cab l e .  The 
nomograph f o r  de te rmina t ion  of d r a i n  spac ing  by t he  Glover and Durn formula 
may be used when the  nonsteady s t a t e  o r  t r a n s i e n t  flow concept is app l i cab l e .  

Ar t e s i an  a r e a s .  - I n  a r ea s  t h a t  a r e  s u b j e c t  t o  a r t e s i a n  flow from permeable 
a q u i f e r s ,  p r e sen t  below the  d r a i n ,  r e l i e f - t y p e  d r a i n s  a r e  u sua l l y  i n s t a l l e d  
t o  s o l v e  t h e  problem. The proper  depth and spac ing  f o r  t he se  d r a i n s  a r e  
computed by us ing  t he  formulae f o r  r e l i e f  d r a i n s  a s  prev ious ly  d i scussed ;  
however, s p e c i a l  cons ide ra t i on  must be  given t o  s e l e c t i n g  drainage c o e f f i -  
c i e n t s  t h a t  a r e  app l i cab l e  t o  a r t e s i a n  cond i t i ons .  

I n  nona r t e s i an  a r e a s  t he  dra inage  c o e f f i c i e n t  i s  based on t he  expected i n f i l -  
t r a t i o n  from p r e c i p i t a t i o n  and/or  deep p e r c o l a t i o n  from i r r i g a t i o n .  I n  a r t e -  
s i a n  a r e a s  ground watex moves upward i n t o  t h e  r o o t  zone i n  a d d i t i o n  t o  water  
t h a t  i n f i l t r a t e s  from the  s u r f a c e ,  s o  t h e  amount of ground water  t o  be removed 
by d ra inage  is  g r e a t e r .  For t h i s  reason dra inage  c o e f f i c i e n t s  a p p l i c a b l e  t o  
a r t e s i a n  a r e a s  a r e  always g r e a t e r  than those  a p p l i c a b l e  t o  nona r t e s i an  a r e a s .  
This  u s u a l l y  r e q u i r e s  c l o s e r  spac ing  of d r a i n s  i n  a r t e s i a n  a r ea s .  

The r a t e  a t  which ground water  under a r t e s i a n  p r e s su re  moves upward i n t o  
t he  r o o t  zone is  a func t i on  of a r t e s i a n  p r e s s u r e ,  t h e  depth of t he  a r t e s i a n  
a q u i f e r  below the  d r a i n  and t h e  pe rmeab i l i t y  of t he  subsur face  sediments  
through which t he  a r t e s i a n  water  must flow. Knowing t h e  va lues  of t h e s e  
v a r i a b l e s  f o r  a  given s i t u a t i o n ,  i t  i s  p o s s i b l e  t o  compute t he  r a t e  of a r t e -  
s i a n  flow and t o  e s t a b l i s h  a  d r a inage  c o e f f i c i e n t  a p p l i c a b l e  t o  t h e  a c c r e t i o n  
caused by a r t e s i a n  condi t ions .  T h i s ,  when added t o  t he  dra inage  c o e f f i c i e n t  
l o c a l l y  e s t a b l i s h e d  f o r  a c c r e t i o n  from p r e c i p i t a t i o n  o r  i r r i g a t i o n  provides  
a  dra inage  c o e f f i c i e n t  a p p l i c a b l e  t o  a r t e s i a n  a r e a s .  Experience has  i n d i c a t e d  
t h a t  t h i s  c o e f f i c i e n t  i s  i n  t h e  range of  one and one-half t o  two t imes t he  
normal va lues  used i n  nona r t e s i an  a r e a s .  

Recognizing t h a t  we do n o t  c u r r e n t l y  have a  p r e c i s e  method o f  computing t h e  
va lue  of a c c r e t i o n s  from a r t e s i a n  f low,  t he  de s ign  of d ra inage  systems should 
be conse rva t i ve .  Disposa l  d r a i n s ,  mains, and important  l a t e r a l  d r a i n s  should 
be  designed w i th  some excess  capac i t y .  L a t e r a l  c o l l e c t o r  d r a i n s  can be 
designed on a  l e s s  conserva t ive  b a s i s  a s  a d d i t i o n a l  c o l l e c t o r  d r a i n s  can be 
i n s t a l l e d  t o  supplement t he  system i f  i t  i s  found t o  be d e f i c i e n t .  This  
approach is  o f t e n  t h e  most p r a c t i c a l  and l e a s t  c o s t l y  method i n  a r e a s  where 



ground-water y i e l d s  from a r t e s i a n  flows a r e  inde termina te .  The important  
cons ide ra t i on  is  t o  provide  f o r  excess capac i ty  i n  t h e  d i s p o s a l  system s o  t h a t  
a d d i t i o n a l  c o l l e c t o r  d r a i n s  can be added l a t e r .  

Use of open d i t c h e s  f o r  r e l i e f  drainage.  - Open d i t c h e s  may be used t o  provide 
subsur face  dra inage  and a r e  o f t e n  considered f o r  u se  i n  f l a t  f i e l d s  where l a c k  
of grade,  depth of o u t l e t ,  s o i l  c h a r a c t e r i s t i c s ,  o r  economics do n o t  favor  
bur ied  d ra in s .  The d i t c h e s  must be deep enough t o  provide  f o r  t h e  escape of 
ground water  found i n  permeable s t r a t a  o r  i n  water-bearing sediments. Spacing 
of t h e  d i t c h e s  v a r i e s  wi th  s o i l  permeabi l i ty  and crop requirements .  Because 
of  t h e i r  requi red  depth t h e  d i t c h e s  u s u a l l y  have adequate capac i ty  t o  ca r ry  
both  s u r f a c e  and subsur face  water .  Advantages i n  us ing  open d i t c h e s  inc lude  
t h e  fol lowing:  

1. Open d i t c h e s  u sua l ly  have a  sma l l e r  i n i t i a l  c o s t  than buried d ra in s .  

2 .  In spec t ion  of  open d i t ches  i s  e a s i l y  accomplished. 

3 .  They a r e  app l i cab l e  i n  s o i l s  where bur ied  d r a i n s  a r e  n o t  recommended, 

4 .  Open d i t ches  may be used on a  very  f l a t  g r ad i en t  where t h e  depth 
of t h e  o u t l e t  i s  no t  adequate t o  permit  g r a v i t y  f low from d r a i n s  
i n s t a l l e d  a t  t h e  requi red  depth and grade.  

Disadvantages i n  us ing  open d i t c h e s  a r e  a s  fol lows:  

1. Open d i t c h e s  r equ i r e  cons iderable  right-of-way which reduces t he  a r ea  
of land  a v a i l a b l e  f o r  o the r  purposes. 

2.  Open d i t c h e s  r e q u i r e  more f requent  and c o s t l y  maintenance than bur ied  
d ra in s .  

I n t e r c e p t i o n  d r a i n s  
I n t e r c e p t i o n  d ra in s  may be planned as s i n g l e  random d r a i n s  o r  a s  a s e r i e s  
of p a r a l l e l  d r a in s .  They a r e  used where s o i l s  and s u b s o i l s  a r e  r e l a t i v e l y  
permeable and where t h e  g rad i en t  of t h e  water  t a b l e  is r e l a t i v e l y  s t eep .  
I n t e r c e p t i o n  d r a i n s  sk$m o f f  o r  d i v e r t  a  p o r t i o n  of ground-water flow thereby 
lowering t h e  water  t a b l e  i n  t h e  a r e a  below o r  downslope from t h e  i n t e r c e p t i o n  
d r a i n .  The d i s t a n c e  t h a t  t h e  water  t a b l e  is lowered below the  d ra in  is  
d i r e c t l y  p ropor t i ona l  t o  t h e  depth of t h e  d r a i n ;  t h e r e f o r e  i t  i s  d e s i r a b l e  t o  
make i n t e r c e p t i o n  d r a i n s  a s  deep as p o s s i b l e  c o n s i s t e n t  w i th  o t h e r  f a c t o r s .  
The upslope e f f e c t  of i n t e r c e p t i o n  d r a i n s  v a r i e s  w i th  t he  hyd rau l i c  g rad i en t ,  
decreas ing  a s  t h e  hyd rau l i c  g rad i en t  i nc reases .  This  upslope e f f e c t  of t r u e  
i n t e r c e p t i o n  d r a i n s  i s  usua l ly  smal l  and is o f t en  ignored.  

Theore t i ca l l y ,  a  t r u e  i n t e r c e p t i o n  d r a i n  lowers t h e  water  t a b l e  downslope from 
t h e  d r a i n  t o  a depth equal  t o  t h e  depth of t h e  d r a i n ,  and t h e  d i s t a n c e  down- 
s l o p e  t o  which i t  i s  e f f e c t i v e  i n  lowering t h e  water  t a b l e  i s  i n f i n i t e ,  pro- 
vided t h e r e  is no a c c r e t i o n  t o  ground water  i n  t h a t  d i s t a n c e .  Under f i e l d  
cond i t i ons ,  where t h e r e  i s  i n f i l t r a t i o n  from p r e c i p i t a t i o n  o r  deep pe rco l a t i on  
from i r r i g a t i o n ,  t h e r e  i s  always a c c r e t i o n  t o  ground water .  The d i s t a n c e  down- 
s l o p e  from t h e  d r a i n  t o  which i t  i s  e f f e c t i v e  is  governed by t h e  amount of 
t he se  acc re t i ons .  

I n  t h e  des ign  of i n t e r c e p t i o n  d r a i n s  i t  is usua l ly  necessary  t o  e s t ima te  t h e  
downslope e f f e c t  o f  i n t e r c e p t i o n  d ra in s  t o  determine i f  one o r  s e v e r a l  such 
d r a i n s  a r e  needed t o  lower t he  water  t a b l e  i n  t he  wet a r e a .  This  i s  a  d i f f i -  



c u l t  problem, bu t  can be  approached by use  of an emp i r i ca l  equa t ion  o r  by 
p rog re s s ive  cons t ruc t i on .  

The equa t ion  i s  based on t h e  assumption t h a t  t h e  d r a i n  i n t e r c e p t s  a l l  t h e  
f low upslope from i t  t o  t h e  depth  of t he  d r a i n ,  and t h e  d i s t a n c e  downslope t o  
which i t  is  e f f e c t i v e  is  dependent on t he  depth of d ra inage  r equ i r ed  and t he  
a c c r e t i o n  t o  ground water  i n  t he  a r e a  below t h e  d r a i n .  Refer r ing  t o  F igure  
4-31 t h i s  is  the  reach (L) from t h e  d r a i n  t o  p o i n t  (m) where t h e  d r a i n  i s  no 
longer  e f f e c t i v e .  For purposes of t h i s  d i s cus s ion ,  a  t r u e  i n t e r c e p t i o n  d r a i n  
is  def ined  a s  one i n  which a l l  ground-water flow e n t e r s  t he  d r a i n  from the  
upslope s i d e .  Based on p r e s e n t l y  a v a i l a b l e  in format ion ,  t r u e  i n t e r c e p t i o n  i s  
thought t o  occur  when the  hyd rau l i c  g r a d i e n t  of t h e  undisturbed water  t a b l e  
is i n ' t h e  range of 0 .01 t o  0.03 f e e t  p e r  f o o t  o r  g r e a t e r .  Where t h e  g r a d i e n t  
is  l e s s  than  t h i s  t he  i n t e r c e p t i o n  d r a i n  func t i ons  more l i k e  a  r e l i e f  d r a i n  
and t h e  spac ing  should be  computed using t h e  e l l i p s e  equa t ion ,  a s  p r ev ious ly  
d i s cus sed  i n  t h i s  chapter .  The equa t ion  is:  

( E q .  4-9) 

where : 

Le = t he  d i s t a n c e  downslope from t h e  d r a i n  t o  t he  p o i n t  
where t h e  water  t a b l e  i s  a t  t h e  d e s i r e d  depth a f t e r  
drainage--f e e t  

K = t he  average hyd rau l i c  conduc t iv i t y  of t he  subsur face  
p r o f i l e  t o  t h e  depth of t h e  drain-- in . /hr .  

q  = dra inage  coe f f i c i en t - - i n . / h r .  

i = t he  hyd rau l i c  g r a d i e n t  of t he  water  t a b l e  be fo re  . dra inage  (undis turbed  s t a t e )  --f e e t  p e r  f oo t  

de = t he  e f f e c t i v e  depth of t he  dra in- - fee t  

dw = t he  d e s i r e d  minimum depth t o  water  t a b l e  a f t e r  
d ra inage  - based on agronomic recommendations--feet 

W 1  = t he  d i s t a n c e  from t h e  ground s u r f a c e  t o  t he  water  
t a b l e  a t  t h e  drain--feet  

W2 = t he  d i s t a n c e  from t h e  ground s u r f a c e  t o  the  wa te r  
t a b l e ,  b e f o r e  dra inage ,  a t  t h e  d i s t a n c e  ( L ~ )  downslope 
from the  dra in- - fee t  

I n  Equation 4-9, (Le) and (W2) a r e  in te rdependent  v a r i a b l e s .  I n  t h e  s o l u t i o n  
of t h e  equa t ion  i t  is necessary  t o  e s t ima te  t h e  va lue  of ( w ~ )  and make a t r i a l  
computation. I f  t he  a c t u a l  va lue  of (W2) a t  d i s t a n c e  (Le) i s  apprec iab ly  
d i f f e r e n t ,  a  second c a l c u l a t i o n  may be  i n d i c a t e d .  I n  those  cases  where t he  
g r a d i e n t  ( i )  i s  uniform throughout  t h e  a r e a ,  (W2) can be considered a s  equa l  
t o  (W1). 

Example: Refer  t o  F igure  4-31. Determine t he  d i s t a n c e  downslope from an 
i n t e r c e p t i o n  d r a i n  t h a t  i t  would be e f f e c t i v e  under t he  fol lowing given condi- 
t i o n s  : 



Figu re  4-31, Cross-sectional p r o f i l e ,  i n t e rcep t ion  drain and area  influenced 



d = depth of drain--8 f e e t  

W 1  = 1.5  f e e t  

K = 6 i n .  / h r  . (from auger  h o l e  t e s t s )  

i = 0.05 ( f e e t  p e r  f o o t )  

q = 0.004 i n . / h r .  ( l o c a l l y  e s t a b l i s h e d  dra inage  
c o e f f i c i e n t )  

dw = 3 f e e t  (from l o c a l  agronomic experience)  

de = d - W1 = 8 - 1 .5  = 6.5 f e e t  

Assume: W2 = W1 = 1 .5  f e e t  

Le = ( 6 )  (Oao5) (6.5 - 3 + 1.5) = 375 f e e t  
(0 .004)  

A t  a  d i s t a n c e  of 375 f e e t  downslope from t h e  d r a i n ,  t h e  depth t o  water  t a b l e  
would be 3  f e e t .  I f  two o r  more p a r a l l e l  i n t e r c e p t i o n  d r a i n s  a r e  t o  be used,  
t he  spacing between t he  f i r s t  and second d r a i n s  would be 375 f e e t  a s  computed 
above. The spacing between t h e  second and t h i r d  d r a i n ;  t h i r d  and f o u r t h ;  e t c .  
would have t o  be  recomputed us ing  ad ju s t ed  va lues  f o r  ( i )  and (de) due t o  t he  
change i n  t h e  hyd rau l i c  g r a d i e n t  caused by t he  f i r s t  i n t e r c e p t i o n  d r a i n .  

Mul t i p l e  i n t e r c e p t i o n  d r a i n s .  - Where i t  is  necessary  t o  i n s t a l l  m u l t i p l e  
i n t e r c e p t i o n  d ra in s .  and s i t e  cond i t i ons  a r e  such t h a t  t he  above equa t ion  i s  
n o t  a p p l i c a b l e ,  i t  may be f e a s i b l e  t o  i n s t a l l  t h e  system p rog re s s ive ly  and 
avoid t h e  u n c e r t a i n t i e s  of e s t ima t ing  spac ing .  This  may be accomplished by 
cons t ruc t i ng  t h e  f i r s t  d r a i n  t o  p r o t e c t  t h e  h ighe r  p o r t i o n  of t he  wet a r e a  
and de lay ing  cons t ruc t i on  of t he  lower d r a i n s  t o  a l low time t o  e v a l u a t e  t h e  
e f f e c t  of t h e  f i r s t  one. Spacing of a d d i t i o n a l  d r a i n s  can be a c c u r a t e l y  
determined by explor ing  water  t a b l e  l e v e l s  below the f i r s t  d r a i n  t o  e s t a b l i s h  
a  spac ing  i n t e r v a l .  Refer r ing  t o  F igure  4-31, t h e  second i n t e r c e p t i o n  d r a i n  
would be  l oca t ed  a  d i s t a n c e  (Le) below the  f i r s t  d r a i n ,  where t h e  d e s i r e d  
drawdown i s  e f f e c t e d .  I n  a c t u a l  p r a c t i c e  t h i s  d i s t a n c e  could be  extended a  
s h o r t  d i s t a n c e  t o  a l low f o r  some upslope drawdown. 

The upslope drawdown is a  f u n c t i o n  of t h e  depth of t h e  d r a i n  and t h e  hyd rau l i c  
g r a d i e n t  as prev ious ly  mentioned. A s  a  gene ra l  r u l e ,  i t  can be considered a s  
equa l  t o  t he  r e c i p r o c a l  of t h e  hyd rau l i c  g r a d i e n t .  

Mole d r a i n s  
Moling should be undertaken only  i n  t he  heav i e r  minera l  s o i l s  of f i n e  t e x t u r e  
such a s  c l a y s ,  s i l t y  c l a y s ,  o r  c l ay  l o a m  and i n  f i b r o u s  o rgan i c  s o i l s .  The 
s o i l  through which moles a r e  drawn should be f r e e  of s t o n e s ,  g r a v e l ,  and sand 
l ense s .  Clay conten t  of m ine ra l  s o i l s  a t  moling depth should be  about  40 
pe rcen t  o r  g r e a t e r  and sand con t en t  n o t  ove r  20 pe rcen t .  A rule-of-thumb t e s t  
f o r  app ra i s ing  s u i t a b i l i t y  of t h e  s o i l  can be  made a s  fo l lows:  

Squeeze a  sample of s o i l  taken a t  t h e  proposed moling depth i n t o  an 
approximate 2-112 t o  3-inch b a l l .  Immerse t he  b a l l  i n  a  j a r  of water  



and l e a v e  undis turbed  f o r  about 12 t o  14  hours .  I f  t he  b a l l  remains 
i n t a c t  a t  t h e  end of t h i s  t ime, t h e  s o i l  should be  s u i t a b l e  f o r  moling. 
S o i l s  should be  examined over t he  e n t i r e  a r e a  t o  be  moled. 

Drainage a r e a .  - Upland s u r f a c e  runoff should n o t  be permi t ted  t o  c o l l e c t  on 
moled l and .  Such f low should be  i n t e r c e p t e d  above t h e  moled a r e a  and removed 
by d ive r s ion .  

The a r e a  of land served  by one o r  a  system of mole d r a i n s  should be  l i m i t e d  
t o  sma l l  ac reages .  The l i m i t  should n o t  exceed 4 t o  5 a c r e s .  When drainage 
of l a r g e  f i e l d s  i s  planned,  t he  r e s u l t i n g  l ayou t  may r e q u i r e  an arrangement 
of d r a i n s  involv ing  a  number of systems wi th  s e p a r a t e  o u t l e t s .  

Grade. - Mole d r a i n s  d e t e r i o r a t e  r a p i d l y  on grades below 1 pe rcen t  o r  more 
than 7 pe rcen t .  Under 1 pe rcen t ,  moles tend t o  r e t a i n  s u f f i c i e n t  moisture t o  
keep t h e i r  wa l l s  s o f t  and f l a k i n g  and they do n o t  f l u s h  themselves r e a d i l y .  
Scour and e ro s ion  w i th  r e s u l t i n g  plugging occur  on s l o p e s  more than 7 t o  8 
pe rcen t .  Best g rades  a r e  between 1 and 2  pe rcen t .  Lines should be drawn 
wi th  cont inuous s l o p e  toward t h e  o u t l e t .  Land smoothing p r i o r  t o  moling can 
e l i m i n a t e  minor depress ions  i n  grade and remove any abrupt  changes. I f  moles 
must be  drawn through a  depress ion ,  a  bu r i ed  d r a i n  should be i n s t a l l e d  f o r  t he  
o u t l e t .  On s t e e p  s l o p e s  l i n e s  a r e  p r e f e r a b l y  drawn a c r o s s  s l o p e  on grades 
of 1 t o  2 pe rcen t .  See F igures  4-32 and 4-33 f o r  examples of mole-drainage 
p a t t e r n s  s u i t a b l e  t o  s t e e p  and comparat ively f l a t l a n d  s lopes .  

O u t l e t s .  - Mole o u t l e t s  must have s u f f i c i e n t  depth and capac i t y  t o  provide 
cont inuous f r e e  o u t f a l l .  Standing water  o r  any prolonged inundat ion  s o f t e n s  
and c o l l a p s e s  t he  mole cav i t y .  O u t l e t s  f o r  mole d r a i n s  may be open d i t c h e s ,  
bur ied  d r a i n s ,  o r  o t h e r  mole d r a in s .  Due t o  t h e i r  importance a s  o u t l e t s  t o  
t r i b u t a r y  mole d r a i n s ,  s p e c i a l  c a r e  should be  given t o  l o c a t i o n s  used f o r  
mole mains. 

Discharging mole d r a i n s  d i r e c t l y  i n t o  open d i t c h e s  o r  n a t u r a l  s t reams i s  
undes i r ab l e ,  because of  hazard of overf low and backwater,  because of t h e  
p o s s i b l e  presence of undes i r ab l e  g r anu l a r  o r  o rgan i c  s t r a t a ,  and because 
of d i r e c t  exposure of t h e  ends of t he  mole c a v i t y  t o  t h e  d e t e r i o r a t i n g  e f f e c t  
of f r o s t ,  d rought ,  r a i n ,  and s u r f a c e  waterf low.  When moles must be  drawn 
d i r e c t l y  from d i t c h e s  o r  streambanks, o u t l e t  p r o t e c t i o n  should be  provided 
by i n s e r t i n g  4 t o  6 f e e t  of p ipe ,  of t he  same diameter  a s  t h e  mole, i n t o  t h e  
mole ho l e .  When g r a n u l a r  ma te r i a l s  i n  t h e  bank a r e  a  hazard ,  bur ied  d r a i n s  
should be  extended i n t o  t h e  f i e l d  o r  a  s h o r t  d i t c h  opened back i n t o  t he  f i e l d  
from where t he  mole i s  then drawn. 

Buried main d r a i n s  provide  t he  most s t a b l e  o u t l e t  f o r  mole d r a i n s .  These 
should be  i n s t a l l e d  be fo re  t h e  moles a r e  drawn and should be  s e t  s u f f i c i e n t l y  
deep so  t h a t  t he  mole can be drawn j u s t  over  t he  d r a i n  wi thout  d i s lodging  i t .  
(F igure  4-34). Good en t r ance  condi t ions  between mole and d r a i n  may be pro- 
vided by use  of porous b a c k f i l l  m a t e r i a l  around and immediately over  t he  d r a in .  
Buried d r a i n  o u t l e t s  f o r  mole d r a i n s  should be  planned according t o  t h e  same 
requirements  f o r  t h e  main d r a i n  of a subsur face  system f o r  s i m i l a r  condi t ions .  

Moles, though l e s s  du rab l e  than t i l e ,  may be  used a s  o u t l e t s  t o  o t h e r  mole 
l i n e s .  When used f o r  mains t h r e e  t o  fou r  mole l i n e s  should be drawn side-by- 
s i d e  a t  about 3-foot spacing and a t  such depth  t h a t  t he  tops  of t he  mains w i l l  
be  c l ea r ed  by t h e  i n v e r t  of t he  mole l a t e r a l s  drawn over  them l a t e r .  (Figure 
4-35). Connections between t h e  mains and l a t e r a l s  can be assured  by opening 
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Figure  4 - 3 4 ,  Buried d r a i n  o u t l e t  f o r  mole d r a i n  
, * 

F i g u r e  4 - 3 5 ,  Mole d r a i n  o u t l e t s  



up ho l e s  wi th  a  s o i l  auger o r  meta l  b a r ,  i n s e r t e d  over  t he  junc t ion  of t he  
two l i n e s  t o  t he  depth of t he  main. 

Length of l i n e s .  - Size  of t he  f i e l d  t o  be moled, a v a i l a b l e  o u t l e t ,  and b e s t  
l o c a t i o n  f o r  t he  mains u s u a l l y  determine l eng ths  of mole l i n e s .  Long l i n e s  
d e t e r i o r a t e  more r ap id ly  than  s h o r t  l i n e s .  Experience i n d i c a t e s  a l lowable  
l eng ths  va ry  w i th  s o i l  type ,  s l o p e ,  and a r e a  se rved .  Maximum l eng ths  of l i n e s  
d r a in ing  i n  one d i r e c t i o n  should no t  exceed 600 t o  700 f e e t  on t h e  s t e e p e r  
grades.  This  l eng th  should be reduced a s  grade i s  reduced so  t h a t  350- t o  
400-foot l eng ths  should be  used on 2- t o  &percent  grades and 250 f e e t  o r  l e s s  
on grades  of 1 pe rcen t  and l e s s .  The l eng th  s p e c i f i e d  above of a  single-drawn 
mole l i n e  can be  doubled when t h e  grade i s  c a r r i e d  around the  land  s l o p e  o r  
a c ros s  r i dges  t o  provide f a l l  i n  two d i r e c t i o n s .  The drawn length  of a  l i n e  
on comparat ively f l a t  g rades  of 1 / 2  t o  1 pe rcen t  can be extended many t imes 
by l o c a t i n g  them ac ros s  a  s e r i e s  of draws i n  which mains a r e  l oca t ed .  

I n s t a l l a t i o n  Design 

General 

The l o c a t i o n  of t he  main d r a i n  and l a t e r a l s  should be planned t o  o b t a i n  t h e  
most e f f i c i e n t  and economical d ra inage  system. A few gene ra l  r u l e s  t o  fo l low 
a r e :  

1. 

2 .  

3 .  

4.  

5. 

6. 

7 .  

Provide  t he  minimum number of o u t l e t s .  

When p r a c t i c a l  l a y  o u t  t h e  system wi th  a  s h o r t  main and long 
l a t e r a l s .  

Or i en t  t he  l a t e r a l s  t o  use t h e  a v a i l a b l e  f i e l d  s l o p e  t o  t h e  b e s t  
advantage. 

Follow the  gene ra l  d i r e c t i o n  of n a t u r a l  waterways wi th  mains 
and submains. 

Avoid l o c a t i o n s  t h a t  r e s u l t  i n  exces s ive  c u t .  

Avoid c ro s s ing  waterways wherever f e a s i b l e .  I f  waterways must be 
c ro s sed ,  use  a s  nea r  a  r igh t -angle  c ro s s ing  a s  t he  s i t u a t i o n  w i l l  
permi t .  

Where f e a s i b l e ,  avoid s o i l  cond i t i ons  t h a t  i n c r e a s e  i n s t a l l a t i o n  
and maintenance c o s t .  

L a t e r a l s  should be l oca t ed  i n  t h e  d i r e c t i o n  f o r  t he  most e f f e c t i v e  c o l l e c t i o n  
of excess  water ,  wi th  due r ega rd  t o  t he  grade r equ i r ed  f o r  p revent ion  of 
sed imenta t ion ,  and fo l lowing  t h e  r u l e  of long l a t e r a l s  wi th  s h o r t  mains where 
f e a s i b l e .  Where t he  t renches  a r e  b a c k f i l l e d  w i th  permeable m a t e r i a l  t h a t  
t r ansmi t  wa t e r  r a p i d l y  t o  t h e  d r a i n ,  i t  is  d e s i r a b l e  f o r  l a t e r a l s  t o  be  
l oca t ed  a t  r i g h t  ang l e s  t o  t he  d i r e c t i o n  of crop rows. Where i t  i s  d e s i r a b l e  
f o r  main d r a i n s  t o  b e  l oca t ed  p a r a l l e l  t o  a  d i t c h  deeper than t h e  d r a i n ,  
enough d i s t a n c e  should be maintained between d i t c h  and d r a i n  t o  p r even t  
washouts i n  t h e  d r a i n .  Submains may be used t o  e l i m i n a t e  c ro s s ing  waterways 
and t o  reduce t he  number of l a t e r a l  connect ions t o  t he  main. 



Alignment 

When change i n  h o r i z o n t a l  alignment is  r equ i r ed ,  one of t h e  fol lowing methods 
should be used t o  minimize head l o s s e s  i n  t h e  l i n e :  

1. Use of manufactured f i t t i n g s ,  such a s  e l l s ,  T ' s ,  and Y's. 

2. Use of a  g r adua l  curve of t he  d r a i n  t r ench  t o  prevent  excess ive  
gap-space . 

3.  Use of j u n c t i o n  boxes o r  manholes where more than two mains o r  
l a t e r a l s  j o i n .  

Connections 

Manufactured connect ions o r  junc t ions  f o r  j o i n i n g  two l i n e s  should be used. 
It is  good p r a c t i c e  t o  l a y  a  submain p a r a l l e l  t o  a l a r g e  t i l e  main (u sua l l y  
10 i nches  o r  l a r g e r )  t o  prevent  tapping t h e  l a r g e  main f o r  each l a t e r a l .  
Tapping a  l a r g e  t i l e  i s  d i f f i c u l t ,  c o s t l y ,  and i s  f r equen t ly  t h e  cause of  
f a i l u r e .  Savings,  through t h e  e l im ina t i on  of l a r g e  connect ions,  u sua l l y  w i l l  
o f f s e t  t h e  e x t r a  c o s t  of a  submain. Smooth curves i n  t i l e  l i n e s  and manu- 
f ac tu r ed  t i l e  connect ions o r  j unc t i ons  of l e s s  than 90' have been recommended 
i n  t he  p a s t  on t h e  assumption t h a t  energy l o s s e s  a t  t he  j unc t i on  of t i l e  l i n e s  
would be  reduced. I n v e s t i g a t i o n s  ( l o ) ,  however, show t h a t  t he  v a r i a t i o n  i n  
energy l o s s  f o r  d i f f e r e n t  angles  of e n t r y  a r e  i n s i g n i f i c a n t  from a p r a c t i c a l  
s t andpo in t  when the  main and l a t e r a l  a r e  o f  t h e  same s i z e  and t he  d r a i n s  are 
f lowing f u l l .  

Loads on d r a i n s  

General  
Dra ins  i n s t a l l e d  i n  t h e  ground must have s u f f i c i e n t  s t r e n g t h  t o  wi ths tand  
t h e  l oads  placed upon them. I n  subsur face  dra inage ,  t he  l oad  which u s u a l l y  
governs t he  s t r e n g t h  r equ i r ed  is  the  weight  of t he  e a r t h  covering t he  d r a in .  
The magnitude of t he  load  which t he  d r a i n  can s a f e l y  suppor t  depends upon the  
u n i t  weight  of t h e  s o i l ,  t he  width and depth of t he  t r ench ,  and t h e  method 
of bedding and i n s t a l l a t i o n  of t he  d r a i n .  Where t he  d r a i n  i s  a t  shal low 
depths  (3  f e e t  o r  less) t h e r e  i s  danger from impact loads  from heavy farm 
equipment. A l l  i n s t a l l a t i o n s  should be checked t o  i n s u r e  adequate  load- 
bear ing  s t r e n g t h .  

Frequent ly  d r a i n  i n s t a l l a t i o n s  a r e  made i n  wide t renches  and a t  g r e a t e r  
dep ths  than  i s  p o s s i b l e  w i th  t he  average t renching  machine. Dragl ines ,  
backhoes, and o t h e r  equipment may be used f o r  deep t r enches .  Trenches exca- 
va t ed  by t h i s  equipment a r e  wide and t h e  g r e a t e r  loads  t o  be  p laced  upon the  
d r a i n  must be determined s o  t h a t  a  d r a i n  of adequate s t r e n g t h  may be s e l e c t e d .  

Underground condui t s  
Research on loads  on underground condui t s  ( inc lud ing  t i l e )  h a s  been c a r r i e d  
on by Marston, Sch l i ck ,  and Spangler and t h e i r  a s s o c i a t e s  a t  Iowa S t a t e  
Un ive r s i t y .  The r e s u l t s  of t h e i r  work a r e  used i n  determining t he  loads  on 
underground condui t s  and t h e i r  suppor t ing  s t r e n g t h .  Information regarding 
l oads  on condui t s  may be found i n  t h e  fo l lowing  pub l i ca t i ons .  

"The S t r u c t u r a l  Design of Underground Conduits," SCS Engineering 
Div is ion ,  Technica l  Release No. 5. 



Engineering Handbook, Sec t ion  6 ,  "S t ruc tu ra l  Design," U .  S .  Department 
of Agr i cu l tu re ,  S o i l  Conservation Serv ice .  

t t S o i l  Engineering," by Merl in Grant Spangler ,  I n t e r n a t i o n a l  Textbook 
Company, Scranton, Pennsylvania. 

"Design Data - Loads and Supporting S t rengths ,"  American Concrete P ipe  
Assoc ia t ion ,  Arl ington,  V i rg in i a .  

  andb book of Drainage and Construct ion Products , ' '  Armco Drainage and 
Metal Products ,  I nc . ,  Middletown, Ohio. 

C l a s s i f i c a t i o n  of conduits  a s  t o  r i g i d i t y  
Conduits used f o r  subsur face  d r a i n s  may be of s e v e r a l  k inds  of m a t e r i a l s .  
One c h a r a c t e r i s t i c  of these  va r ious  conduits  which i s  important i n  determining 
t h e  load-bearing s t r e n g t h  i s  t h e  degree of f l e x i b i l i t y .  Two c l a s s e s  of  con- 
d u i t s  according t o  t h e i r  f l e x i b i l i t y  a r e  as fol lows (11): 

1. Rigid condui t s ,  such a s  concre te ,  o r  c l a y ,  f a i l  by rup tu re  of t he  
p i p e  wa l l s .  Thei r  p r i n c i p a l  load suppor t ing  a b i l i t y  l i e s  i n  t he  
i nhe ren t  s t r eng th  o r  s t i f f n e s s  of t he  p ipe .  

2. F l e x i b l e  condui t s ,  such a s  corrugated me ta l  p ipes ,  and c e r t a i n  types  of 
p l a s t i c  p ipe  f a i l  by d e f l e c t i o n .  F l e x i b l e  condui t s  r e l y  only  p a r t l y  on 
t h e i r  inherent  s t r e n g t h  t o  r e s i s t  e x t e r n a l  loads .  I n  d e f l e c t i n g  t h e  
h o r i z o n t a l  diameter i n c r e a s e s ,  compresses t h e  s o i l  a t  t h e  s i d e s ,  and 
thereby  b u i l d s  up pas s ive  r e s i s t a n c e  which i n  t u r n  he lps  support  t h e  
v e r t i c a l l y  appl ied  load .  

C l a s s i f i c a t i o n  of conduits  based on i n s t a l l a t i o n  
P r a c t i c a l l y  a l l  of the  condui t s  i n s t a l l e d  f o r  dra inage  w i l l  be  i n s t a l l e d  a s  
d i t c h  condui t s .  A d i t c h  conduit  is one which i s  i n s t a l l e d  i n  a  r e l a t i v e l y  
narrow t rench  dug i n  undisturbed s o i l  and covered wi th  e a r t h  b a c k f i l l .  
Conduits i n s t a l l e d  i n  t renches  wider than about  two o r  t h r e e  times t he  ou t s ide  
diameter  of t he  conduit  may be t r e a t e d  a s  p r o j e c t i n g  condui t s .  Refer  t o  
Nat iona l  Engineering Handbook, Sec t ion  6 ,  S t r u c t u r a l  Design, f o r  a  compre- 
hensive a n a l y s i s  of loads  on underground condui t s .  

Bedding condi t ions  f o r  r i g i d  d i t c h  condui t s .  - The suppor t ing  s t r e n g t h  of a  
conduit  w i l l  vary with bedding condi t ions .  Two types of bedding a r e  gene ra l ly  
used i n  dra inage  work and each has a  load f a c t o r  which, when mul t i p l i ed  by t h e  
three-edge bear ing  s t r e n g t h ,  w i l l  g ive  t h e  s a f e  suppor t ing  s t r e n g t h  of t h e  
conduit  . 

1. Impermissible bedding i s  t h a t  method of bedding a d i t c h  conduit  i n  
which l i t t l e  o r  no c a r e  is  given t o  shape t h e  foundation t o  f i t  the  
lower p a r t  of t he  conduit  o r  t o  r e f i l l  a l l  t he  spaces under and around 
t h e  conduit  wi th  g ranu la r  ma te r i a l .  The load  f a c t o r  f o r  t h i s  type 
of i n s t a l l a t i o n  i s  1.1. 

2. Ordinary bedding is  t h a t  method of bedding a d i t c h  conduit  i n  which 
t h e  conduit  i s  bedded wi th  ord inary  c a r e  i n  an e a r t h  foundat ion 
shaped t o  fit t he  lower p a r t  of t h e  conduit  f o r  a  width of a t  l e a s t  
50 percent  of t h e  condui t  b readth ,  and i n  which the  remainder of t he  
condui t  is surrounded t o  a  he igh t  of a t  l e a s t  0.5 f o o t  above i t s  top 
by g ranu la r  ma te r i a l s  t h a t  a r e  shovel-placed and shovel-tamped t o  



T a b l e  4-5. M a x i m u m  allowable t r e n c h  d e p t h s  

MAXIMUM ALLOWABLE TRENCH DEPTHS, 
RIGID CONDUITS 

3-EDGE BEARING TILE TRENCH WIDTH (INCHES) 
CRUSHING STRENGTH DIAMETER 18 1 2 1  1 24 1 27 [ 30 1 36 1 42 ( 48 

Based on: K, 6 K,I = 0 . 1 3 ,  Load Factor  1 . 5 ,  Safety Factor 1.5,  w e i g h t  of soil - 120 lb./cu.ft. 
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comple te ly  f i l l  a l l  spaces  under and a d j a c e n t  t o  t h e  condui t .  The 
l o a d  f a c t o r  f o r  t h i s  type  of i n s t a l l a t i o n  is  1 .5 .  

When sand and g r a v e l  f i l t e r  o r  enve lopes  a r e  used,  t h e  founda t ion  need n o t  b e  
shaped s i n c e  t h e  f i l t e r  and enve lope  m a t e r i a l  a r e  p l a c e d  e n t i r e l y  around t h e  
condui t  and prov ide  f o r  l a t e r a l  p r e s s u r e s  on t h e  c o n d u i t .  With t h i s  type  
of i n s t a l l a t i o n  t h e  s u p p o r t i n g  s t r e n g t h  of t h e  c o n d u i t  i s  i n c r e a s e d  above t h e  
three-edge b e a r i n g  s t r e n g t h .  Depending on i t s  g r a d a t i o n  and t h e  c a r e  used i n  
p l a c i n g  t h e  sand-gravel  f i l t e r  o r  enve lope ,  t h e  l o a d  f a c t o r  w i l l  b e  i n  t h e  
range  of 1 . 2  f o r  a  poor ly  graded envelope of i r r e g u l a r  t h i c k n e s s  t o  1 . 5  f o r  a  
wel l -graded f i l t e r  of uniform t h i c k n e s s  around t h e  d r a i n .  To be e f f e c t i v e  
t h e  f i l t e r  o r  envelope should  have a  minimum t h i c k n e s s  of 3 i n c h e s .  

Trench d e p t h  f o r  r i g i d  c o n d u i t s .  - Table  4-5 was p repared  f o r  v a r i o u s  s i z e s  
of c o n d u i t s ,  types  of c o n d u i t s ,  t r e n c h  w i d t h s ,  and'  types  of bedding. The 
t a b l e  is  based upon a  s o i l  we igh t  of 120 pounds p e r  c u b i c  f o o t  and i n c l u d e s  a  
s a f e t y  f a c t o r  of 1 . 5 .  

Beddine c o n d i t i o n s  f o r  f l e x i b l e  d r a i n a g e  tub in^. - A f l e x i b l e  condui t  h a s  
r e l a t i v e l y  l i t t l e  i n h e r e n t  load-bear ing  s t r e n g t h ,  and i t s  a b i l i t y  t o  s u p p o r t  
s o i l  l o a d i n g s  i n  a  t r e n c h  must b e  d e r i v e d  from p r e s s u r e s  induced a s  t h e  s i d e s  
of t h e  c o n d u i t  d e f l e c t  and move a g a i n s t  t h e  s o i l .  T h i s  a b i l i t y  of a  f l e x i b l e  
condui t  t o  deform and u t i l i z e  t h e  s o i l  p r e s s u r e  t o  s u p p o r t  i t  i s  t h e  main 
reason  t h a t  l igh t -weigh t  p l a s t i c  d r a i n a g e  t u b i n g  can s u p p o r t  s o i l  l o a d i n g s  
imposed i n  d r a i n a g e  t r e n c h e s .  

A f l e x i b l e  tub ing  must be  i n s t a l l e d  i n  a  t r e n c h  i n  a  way which i n s u r e s  good 
s o i l  s u p p o r t  from a l l  s i d e s .  There  must be  no v o i d s  remaining which would 
permi t  t h e  s o i l  p r e s s u r e  from b a c k f i l l  t o  cause  d e f l e c t i o n  of t h e  t u b i n g  t o  
t h e  p o i n t  of buck l ing .  Most i n s t a l l a t i o n s  w i l l  be  made w i t h  machinery, wi th-  
o u t  r e q u i r i n g  a  man i n  t h e  t r e n c h  t o  p o s i t i o n  t h e  t u b i n g  o r  p l a c e  t h e  bedding. 
Some m o d i f i c a t i o n  of machinery des igned  f o r  i n s t a l l a t i o n  of r i g i d  c o n d u i t s  
u s u a l l y  i s  n e c e s s a r y  t o  i n s t a l l  f l e x i b l e  c o n d u i t s  e f f i c i e n t l y .  See t h e  
s e c t i o n  on i n s t a l l a t i o n  o f  c o r r u g a t e d  p l a s t i c  d r a i n a g e  t u b i n g ,  page 4-111. 

Drain g r a d e s  and v e l o c i t i e s  

Subsur face  d r a i n s  a r e  p laced  a t  r a t h e r  uniform d e p t h s ;  t h e r e f o r e ,  t h e  topog- 
raphy of  t h e  l a n d  may d i c t a t e  t h e  range  of g rades  a v a i l a b l e .  There  i s  o f t e n  
an  o p p o r t u n i t y ,  however, t o  o r i e n t  t h e  d r a i n s  w i t h i n  t h e  f i e l d  i n  o r d e r  t o  
o b t a i n  a  d e s i r a b l e  grade.  The s e l e c t e d  g rades  should ,  i f  p o s s i b l e ,  be  s u f f i -  
c i e n t  t o  r e s u l t  i n  a  n o n s i l t i n g  v e l o c i t y  which e x p e r i e n c e  has  shown i s  about  
1 . 4  f e e t  p e r  second,  b u t  less than  t h a t  which w i l l  cause  tu rbu lence  and under- 
mining of t h e  d r a i n .  Where s i l t a t i o n  is  a  hazard  ( r e f e r  t o  Table  4-7, page 
4-91), and t h e  v e l o c i t y  is  l e s s  than  1 . 4  f e e t  p e r  second,  s i l t a t i o n  may be 
p reven ted  by use  of f i l t e r s  and s i l t  t r a p s .  

Where s i l t a t i o n  is n o t  a  h a z a r d ,  t h e  recommended minimum grades  a r e  a s  fo l lows :  

4" d r a i n  
5" d r a i n  
6" d r a i n  

P e r c e n t  
.10 

On sites where topographic  c o n d i t i o n s  r e q u i r e  t h e  use  of d r a i n s  on s t e e p  
grades  which w i l l  r e s u l t  i n  v e l o c i t i e s  g r e a t e r  than  shown i n  t h e  fo l lowing  
t a b l e ,  s p e c i a l  measures should  b e  used t o  p r o t e c t  t h e  l i n e .  



S o i l  Texture Ve loc i t y - f t . / s ec .  
Sand and Sandy Loam 3.5 
S i l t  and S i l t  Loam 5.0 
S i l t y  Clay Loam 6.0 
Clay and Clay Loam 7.0 
Coarse Sand o r  Gravel  9.0 

The p r o t e c t i v e  measures may inc lude  one o r  more of t he  fol lowing:  

1. Use only d r a i n s  t h a t  a r e  uniform i n  s i z e  and shape and wi th  
smooth ends. 

2. Lay t h e  d r a i n s  s o  a s  t o  s ecu re  a  t i g h t  f i t  wi th  t he  i n s i d e  diameter  
of one s e c t i o n  matching t h a t  of t he  ad jo in ing  s e c t i o n s .  

3. Wrap open j o i n t s  w i th  t a r  impregnated paper ,  b u r l a p ,  o r  s p e c i a l  
f i l t e r  m a t e r i a l  such a s  p l a s t i c  o r  f i b e r - g l a s s  f a b r i c s .  

4. Se l ec t  t h e  l e a s t  e r o d i b l e  s o i l  a v a i l a b l e  f o r  b l i nd ing .  

5. Use long s e c t i o n s  of pe r fo ra t ed  p i p e  o r  tubing.  ( ~ i t u m i n i z e d  
f i b e r ,  p l a s t i c ,  a sbes to s  cement, e t c . ) .  

Table 4-6 g ives  t h e  grades  f o r  d i f f e r e n t  s i z e s  of d r a i n s  which w i l l  r e s u l t  
i n  t h e  c r i t i c a l  v e l o c i t i e s  d i scussed  above. Data is given f o r  d r a i n s  wi th  
I t  I t  n  va lue s  of 0.011 t o  0.015. 

Determining d r a i n  s i z e  

Drains o r d i n a r i l y  a r e  n o t  designed t o  f low under p r e s su re  and t h e  hyd rau l i c  
g r a d i e n t  i s  considered t o  be p a r a l l e l  w i th  t h e  grade l i n e .  The flow i n  t he  
d r a i n  i s  considered t o  be open-channel flow. The s i z e  of d r a i n  requi red  f o r  
a  g iven  capac i t y  i s  dependent on t he  hyd rau l i c  g r a d i e n t  and t h e  roughness 
coeff icient--"n" value-- of t he  d r a in .  M a t e r i a l s  commonly used f o r  d r a i n s  
have "n" va lues  ranging from about 0.011 f o r  good q u a l i t y  c l ay  and concre te  
t i l e  w i th  good j o i n t  alignment t o  about 0.016 f o r  cor ruga ted  p l a s t i c  d ra inage  
tub ing .  When de te rmining  t he  s i z e  of d r a i n  r equ i r ed  f o r  a  p a r t i c u l a r  s i t u a -  
t i o n  t h e  "n" va lue  of t he  product  t o  be used must be known. The s i z e  d r a i n  
r equ i r ed  f o r  a  given capac i t y  and hyd rau l i c  g r ad i en t  and f o r  t h r e e  d i f f e r e n t  
"n" va lues  may be determined from Figure  4-36 ( shee t s  1, 2 ,  and 3 ) .  The 
shaded a r e a  i n  t he  c h a r t s  i n d i c a t e s  where t h e  v e l o c i t y  of f low is l e s s  than 
1.4 f e e t  pe r  second t o  i n d i c a t e  where d r a i n  f i l t e r s  may be r equ i r ed .  

Example : 

A d r a i n  on a  0.2 pe rcen t  grade ( s  = 0.002) i s  requi red  t o  d i scharge  1.5 cubic  
f e e t  pe r  second. What s i z e  d r a i n  w i l l  be  requi red  i f  t h e  d r a i n  t o  be used has  
a roughness c o e f f i c i e n t  of O.011? Find t h e  hyd rau l i c  g r a d i e n t  of 0.002 on t h e  
h o r i z o n t a l  s c a l e  i n  F igu re  4-36 and fo l low v e r t i c a l l y  upward t o  i n t e r s e c t  t h e  
l i n e  r ep re sen t ing  a  d i scharge  of 1 .5 cubic  f e e t  pe r  second. This  po in t  f a l l s  
i n  t h e  space between t h e  l i n e s  marked 10  t o  12 inches  i n  d iameter .  A 12-inch 
d r a i n  i s  r equ i r ed .  S ince  t he  po in t  of i n t e r s e c t i o n  is  below t h e  l i n e  marked 
12  i nches ,  t h e  d r a i n  w i l l  no t  flow f u l l .  The f u l l  c apac i t y  of t he  d r a i n  i s  
1 . 9  c f s .  The d r a i n  w i l l  flow about 79 pe rcen t  f u l l  f o r  t he  des ign  d ischarge .  
The same procedure i s  followed when us ing  F igure  4-36 ( shee t s  2 and 3)  f o r  
roughness c o e f f i c i e n t s  of 0.013 and 0.015. 



Table  4-6 - D r a i n  grades  and v e l o c i t i e s  

Drain S i z e  Grade - f e e t  p e r  100 f e e t  
Inches  1 . 4  f p s  3 .5  f p s  5.0 f p s  6.0 f p s  7.0 f p s  9.0 f p s  

For  d r a i n s  w i t h  "n" = 0.011 

1 . 8  3.6 5 . 1  

1 . 3  2.7 3.9 

1 . 0  2 .1  3 .1  

0.7 1 .4  2 .1  

0.5 1.1 1 . 5  

0 .4  0 . 8  1 . 2  

For  d r a i n s  w i t h  "n" = 0.013 

2.5 5 .2  7.5 

1 . 9  3.9 5.6 

1 . 5  3 .1  4.4 

1 . 0  2 . 1  3 .0  

.8 1 . 6  2.2 

.6  1 . 2  1 . 8  

For d r a i n s  ~ 5 t h  "n" = 0.015 a 
3.3 6.8 9.8 

2.5 5 . 1  7.3 

2.0 4 .0  5.8 

1 . 3  2.7 3.9 

1 . 0  2 .0  2.9 

.8 1 . 6  2 . 3  

11 v = 138  r - 213~112 - Labora tory  "n" v a l u e  = .01077 

21 v = 100 r - 2'3~112 1.486 .015 = 99.06 - rounded t o  100 
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S i z i n g  of  d r a i n s  w i t h i n  t h e  d r a i n a g e  system 

The p r e v i o u s  d i s c u s s i o n  on d r a i n  s i z e  d e a l s  w i t h  t h e  problem of s e l e c t i n g  
the* p r o p e r  s i z e  f o r  a  d r a i n  a t  a  s p e c i f i c  p o i n t  i n  t h e  d r a i n a g e  system.  I n  
d r a i n a g e  systems w i t h  long  l a t e r a l s  o r  mains ,  t h e  v a r i a t i o n  of f low w i t h i n  a  
s i n g l e  l i n e  may be g r e a t  enough t o  war ran t  changing s i z e  i n  t h e  l i n e .  Th is  is 
o f t e n  t h e  c a s e  i n  long i n t e r c e p t i o n  d r a i n s .  The f o l l o w i n g  example i l l u s t r a t e s  
a  method f o r  making such a d e s i g n .  

Example : 

Assume t h a t  t h e  t o t a l  d i s c h a r g e  from 6,000 f e e t  of i n t e r c e p t i o n  d r a i n  was 
computed t o  b e  2.40 c f s ,  t h a t  no  s u r f a c e  w a t e r  is  admi t ted ,  and (wi th  s i m i l a r  
s o i l s  and s u b s o i l s )  t h a t  t h e  a c c r e t i o n  t o  t h e  d r a i n  i s  uniform throughout  i t s  
l e n g t h .  Assume a  c o n s t a n t  g r a d e  of 0.20 p e r c e n t .  The a c c r e t i o n  p e r  100 f e e t  
of d r a i n  would b e  - 2 '40 - - 0.04 c f s .  Use F i g u r e  4-36 t o  determine t h e  s i z e s  
of c o n c r e t e  o r  clay6' d r a i n  t i l e  r e q u i r e d .  S t a r t  computation a t  t h e  upper end 
of t h e  d r a i n  u s i n g  a  minimum s i z e  o f  6  i n c h e s .  Compute t h e  d i s t a n c e  down 
d r a i n  t h a t  i t  would c a r r y  t h e  f low on t h e  assumed grade .  Le t  (L) e q u a l  t h e  
d i s t a n c e  ( i n  100-foot s t a t i o n s )  down d r a i n  t h a t  a  6-inch d r a i n  would b e  ade- 
q u a t e .  R e f e r r i n g  t o  F i g u r e  4-36, a  6-inch d r a i n  on a  g rade  of 0.20 p e r c e n t  
h a s  a  maximum c a v a c i t v  of 0 . 3 1  c f s  and: 

- 0  31- L = = 7.75--100-foot s t a t i o n s  
0.04 

The 6-inch d r a i n  is  adequa te  f o r  775 f e e t  of l i n e .  Cont inuing t h e s e  computa- 
t i o n s  f o r  t h e  n e x t  s i z e  d r a i n  ( 8  i n c h )  which h a s  a  maximum c a p a c i t y  of 0.65 
c f s  a s  f o l l o w s :  

L = - =  O '  65 16.25--100-f o o t  s t a t i o n s  
0.04 

The 8-inch d r a i n  would b e  adequa te  f o r  1 ,625 f e e t .  Of t h i s  1 ,625 f e e t ,  i t  
has  a l r e a d y  been determined t h a t  775 f e e t  would b e  6-inch d r a i n ;  t h e r e f o r e ,  
t h e  remaining 850 f e e t  would b e  8-inch d r a i n .  These computat ions  should  b e  
con t inued  p r o g r e s s i v e l y  f o r  t h e  t o t a l  l e n g t h  of t h e  d r a i n .  The f o l l o w i n g  
t a b u l a t i o n  shows t h e  complete problem: 

I I I 

l/ T o t a l  l e n g t h  of t h e  d r a i n  is 6,000 f e e t ,  and a l though  t h e  14-inch 

T i l e  
S i z e  

- 
t i l e  would b e  adequa te  f o r  7,250 f e e t ,  o n l y  1 ,250 f e e t  a r e  needed. 

The example assumes a s i n g l e  l i n e  w i t h  uniform a c c r e t i o n  throughout  its 

i n c h e s  c . f . s .  c . f . s .  s t a t i o n s  f e e t  
6  0 .31 0.040 7.75 775 

Maximum 
Capaci ty  

.20% Grade 

l e n g t h .  I f  i n v e s t i g a t i o n s  i n d i c a t e  a  v a r i a t i o n  i n  p e r m e a b i l i t y ,  t h e  a c c r e t i o n  
r a t e  p e r  100-foot s t a t i o n  may b e  v a r i e d .  I f  l a t e r a l s  e n t e r  t h e  d r a i n ,  t h e  
e s t i m a t e d  y i e l d  of t h e s e  should  b e  added a t  t h e  p r o p e r  s t a t i o n .  The example 
i l l u s t r a t e d  is  f o r  a  s i n g l e  i n t e r c e p t i o n  d r a i n .  The same procedure  is a p p l i -  
c a b l e  f o r  mains i n  a  r e l i e f  system where l a t e r a l s  j o i n  a t  r e g u l a r  i n t e r v a l s .  
In t h i s  c a s e  t h e  a c c r e t i o n  t o  t h e  main would b e  t h e  accumulat ive d i s c h a r g e s  
of each of t h e  l a t e r a l s  a t  i n t e r v a l s  e q u a l  t o  t h e  d r a i n  spac ing .  

A c c r e t i o n  
P e r  

100'  L i n e  

L-Value 
Number of 
100 Foot  

Length 
of T i l e  
Required 



The s i z e  of d r a i n  f o r  a  main d r a i n  l i n e  can be  found by determining t he  
r equ i r ed  capac i t y  a t  v a r i o u s  p o i n t s  a long t h e  main, and t he  s i z e  requi red  
f o r  t h e  capac i t y  and grade  a t  t h e  po in t .  The dra inage  a r e a  o r  t he  a c c r e t i o n  
a t  each  break  i n  t h e  d r a i n  grade must be  known. Usual ly t h e  dra inage  coe f f i -  
c i e n t  f o r  a  system i s  t h e  same f o r  t he  e n t i r e  system b u t  i n  some cases  t he  
c o e f f i c i e n t  may vary  and t h i s  must be  cons idered  i n  determining t he  d r a i n  s i z e .  

M a t e r i a l s  f o r  d r a i n s  

General  
For many y e a r s  a f t e r  subsur face  dra inage  was f i r s t  in t roduced  i n  t h e  United 
S t a t e s  most of t he  d r a i n s  were made of ceramic t i l e .  "T l l e  d r a in"  became 
t h e  most common t e r m  used t o  r e f e r  t o  a  subsur face  d r a i n ,  and i t  i s  s t i l l  
used i n  many p a r t s  of t h e  counrry t o  r e f e r  t o  subsur face  d r a i n s  manufactured 
from a l l  k inds  of m a t e r i a l s .  

M a t e r i a l s  now commonly used f o r  d r a i n s  i nc lude  ceramic t i l e ,  conc re t e ,  b i t u -  
minized f i b e r ,  p l a s t i c s ,  a sbes to s  cement, aluminum a l l o y ,  and s t e e l .  Some 
of  t h e  products  manufactured from these  m a t e r i a l s  a r e  made i n  such a  way t h a t  
d r a inage  water  w i l l  
s e c t i o n s  of t h e  d r a  
e n t e r s  t h e  d r a i n .  

e n t e r  t he  conduit  through t h e  j o i n t  between ad j acen t  
n ,  and some a r e  made w i th  p e r f o r a t i o n s  through which water  

Fac to r s  involved i n  
cond i t i ons ,  chemica 
i n s t a l l a t i o n  cos t .  
be  cons idered  i n  s e  

t h e  s e l e c t i o n  of t h e  d r a i n  t o  be  used inc lude :  c l i m a t i c  
c h a r a c t e r i s t i c s  of t he  s o i l ,  depth requirements ,  and 

I n  no r the rn  a r e a s  f r e e z i n g  and thawing condi t ions  must 
e c t i n g  t he  d r a in .  Where a c i d s  o r  s u l f a t e s  e x i s t  i n  t he  

s o i l  o r  d r a inage  wa te r ,  d r a i n s  t h a t  w i l l  r e s i s t  t he se  cond i t i ons  must be 
s e l e c t e d .  The method of i n s t a l l a t i o n  and t h e  depth requirements  i n f l uence  
t h e  s e l e c t i o n  of t h e  type  and s t r e n g t h  of t h e  d r a i n .  The d r a i n  must s u s t a i n  
t he  l oads  t o  which i t  w i l l  b e  sub j ec t ed .  The c o s t  of t he  d r a i n  i nc lud ing  t h e  
c o s t  of t r a n s p o r t a t i o n  from t h e  manufacturer  t o  t he  p l a c e  of i n s t a l l a t i o n  is  
a b i g  f a c t o r  i n  s e l e c t i o n  of d r a in s .  

Standards and s p e c i f i c a t i o n s  
S p e c i f i c a t i o n s  cover ing  t he  phys ica l  requirements  and t e s t i n g  methods f o r  u se  
i n  q u a l i t y  c o n t r o l  of d r a i n s  have been developed by s e v e r a l  o rgan i za t i ons  and 
groups i n t e r e s t e d  i n  s t anda rd i za t i on  and maintenance of h igh  q u a l i t y  f o r  manu- 
f a c t u r e d  products .  These i nc lude  s p e c i f i c a t i o n s  and s t anda rds  of t he  American 
Soc i e ty  f o r  Tes t i ng  and Ma te r i a l s  (ASTM); Product  Standards publ ished by t h e  
Nat iona l  Bureau of S tandards ,  U .  S. Department of Commerce; and Federa l  
S p e c i f i c a t i o n s  of t h e  Federa l  Supply Se rv i ce ,  General Serv ices  Adminis t ra t ion .  

These s p e c i f i c a t i o n s  and s tandards  a r e  r e v i s e d  a s  necessary  t o  r e f l e c t  
improved methods of manufacture, new m a t e r i a l s ,  and changed requirements  f o r  
use  of t he  product .  The l a t e s t  r e v i s i o n ,  which i s  i n d i c a t e d  by i t s  d a t e ,  
should be used. S p e c i f i c a t i o n s  f o r  m a t e r i a l s  which are approved f o r  use  
i n  i n s t a l l a t i o n s  f o r  which t h e  S o i l  Conservat ion Serv ice  i s  t e c h n i c a l l y  
r e spons ib l e  a r e  l i s t e d  i n  cu r r en t  Engineering P r a c t i c e  Standards of t he  S o i l  
Conservat ion Serv ice .  

Newly developed p roduc t s ,  f o r  which s p e c i f i c a t i o n s  a r e  w r i t t e n  by t he  manu- 
f a c t u r e r  and approved by t he  S o i l  Conservation Se rv i ce ,  may a l s o  be used 
pending development of s tandard  s p e c i f i c a t i o n s  by one of t h e  o rgan i za t i ons  
l i s t e d  above. 



Clay d r a i n  t i l e  
Clay t i l e  may f a i l  due t o  t h e  f r e e z i n g  and thawing r e v e r s a l s  i n  no r the rn  
a r e a s  where f r o s t  p e n e t r a t e s  t h e  ground t o  t h e  depth of t he  t i l e  o r  where t he  
t i l e  is  s tockp i l ed  on t h e  ground dur ing  t he  w i n t e r  be fo re  being i n s t a l l e d .  
Damages due t o  such exposure may be s e r i o u s .  The absorp t ion  of water  by t i l e  
i s  a good index of i ts  r e s i s t a n c e  t o  f r e e z i n g  and thawing. T i l e  manufactured 
from s h a l e  u s u a l l y  has lower abso rp t i on  r a t e s  and i s  more r e s i s t a n t  t o  f r eez -  
i n g  and thawing than t i l e  made from s u r f a c e  c l ays .  The q u a l i t y  of c l ay  t i l e  
is  a l s o  dependent upon the  manufacturing process .  Many p l a n t s  use  de-a i r ing  
equipment which i nc rea se s  t he  d e n s i t y  of t he  extruded ma te r i a l .  Genera l ly  
co lo r  and s a l t  g laz ing  a r e  n o t  r e l i a b l e  i n d i c a t o r s  of t he  q u a l i t y  of t i l e .  
Clay t i l e  a r e  n o t  a f f ec t ed  by a c i d s  o r  s u l f a t e s .  Low temperatures  normally 
w i l l  n o t  a f f e c t  t he  use of c l ay  t i l e  provided t h e  t i l e  a r e  proper ly  s e l e c t e d  
f o r  abso rp t i on  and t h a t  c a r e  is  taken i n  handl ing  and s t o r a g e  of t he  t i l e  
dur ing  f r e e z i n g  weather.  

Concrete  d r a i n  t i l e  
Concrete t i l e  of high d e n s i t y  a r e  n o t  a f f e c t e d  by f r e e z i n g  and thawing rever -  
s a l s  and f r e e z i n g  temperatures .  It w i l l  b e  adverse ly  a f f e c t e d ,  however, i f  
exposed t o  t h e  a c t i o n  of a c i d s  o r  s u l f a t e s  un l e s s  t h e  t i l e  has  been manufac- 
tu red  t o  meet t he se  s i t u a t i o n s .  Concrete  t i l e  i s  n o t  recommended f o r  extreme- 
l y  ac id  o r  s u l f a t e  cond i t i ons .  Research (13, 1 4 )  by Dalton G .  M i l l e r  and 
P h i l l i p  W. Manson has  provided informat ion  on which guide l i n e s  have been 
adopted f o r  t he  q u a l i t y  of concre te  i n  d r a i n  t i l e  f o r  i n s t a l l a t i o n  i n  ac id  
and s u l f a t e  s o i l s .  

The fo l lowing  guide may b e  used f o r  ob t a in ing  s o i l  samples and t e s t s  f o r  
determining ac id  o r  s u l f a t e  concen t r a t i on  a t  t h e  s i t e  f o r  a  t i l e  i n s t a l l a t i o n :  

1. Take samples where s o i l  condi t ions  i n d i c a t e  t h e  p r o b a b i l i t y  
of moderate t o  s eve re  concent ra t ion  of a c i d s  o r  s u l f a t e s  i n  
t h e  s o i l .  

2. Take each sample a t  t he  average depth of t i l e  a t  t h e  approximate 
l o c a t i o n  of t i l e  l i n e .  

3 .  Take a  minimum of t h r e e  samples bu t  n o t  l e s s  than one sample 
f o r  each 10 a c r e s  dra ined  o r  1,500 f e e t  of t i l e .  

4 .  Obtain t h e  pH and s u l f a t e  t e s t  f o r  each sample. Record i n d i v i d u a l  
t e s t  va lues .  I f  t h e  r e s u l t s  of most s eve re  ac id  o r  s u l f a t e  cond i t i on  
appear  ou t  of l i n e ,  o b t a i n  a d d i t i o n a l  samples and check r e s u l t s .  

Recommendations f o r  a  p a r t i c u l a r  type  and q u a l i t y  of t i l e  t o  meet c e r t a i n  
cond i t i ons  of a c i d  o r  s u l f a t e  s o i l s  a r e  based on t h e  s p e c i f i c a t i o n s  f o r  t h e  
p a r t i c u l a r  type  of t i l e .  A s  t he se  a r e  s u b j e c t  t o  change, guidance f o r  
s e l e c t i o n  of a  type o r  q u a l i t y  of t i l e  f o r  use  under c e r t a i n  cond i t i ons  may 
be ob ta ined  from engineer ing  p r a c t i c e  s t anda rds  of t he  S o i l  Conservat ion 
Serv ice .  

Bituminized f i b e r  p ipe  
Bituminized f i b e r  p ipe  may have a  homogeneous o r  laminated w a l l  s t r u c t u r e .  
The p ipe  comes i n  va r ious  l eng ths  from 4 t o  20 f e e t .  The p ipes  a r e  connected 
by tapered  couplings t o  form a w a t e r t i g h t  j o i n t ,  o r  wi th  a  s l e e v e  coupling 
f o r  b u t t  j o i n t s .  This  p i p e ,  wi thout  p e r f o r a t i o n s ,  may be used t o  p r o t e c t  t he  
o u t l e t  o f  d r a i n s  of o t h e r  m a t e r i a l .  However, t h e  out-of-bank p r o j e c t i o n  of 
b i tuminized  f i b e r  p ipe  must b e  kep t  s h o r t ,  n o t  more than 3 t o  4 d iameters  i n  



l e n g t h  t o  m a i n t a i n  i ts  shape  a g a i n s t  s o f t e n i n g  and c o l l a p s e  by exposure  t o  
t h e  h e a t  o f  t h e  sun.  P r e c a u t i o n s  must a l s o  b e  t aken  a g a i n s t  any p o i n t  
l o a d i n g  a g a i n s t  t h e  p i p e  w a l l s  by a  s t o n e  o r  b u r i e d  l o g  which can cause  
f a i l u r e  by co ld  f low of t h e  bi tuminous m a t e r i a l .  

P l a s t i c  d r a i n s  
Various  k i n d s  of d r a i n s  made from d i f f e r e n t  t y p e s  of p l a s t i c s  have been 
produced. P l a s t i c  d r a i n s  a r e  f l e x i b l e  c o n d u i t s  t h a t  w i l l  develop good load- 
b e a r i n g  s t r e n g t h s  i f  they  a r e  i n s t a l l e d  i n  a  way which w i l l  i n s u r e  t h a t  t h e  
d r a i n  w i l l  b e  suppor ted  by t h e  s o i l  around i t  as t h e  d r a i n  deforms. 

P l a s t i c s  have been used t o  produce c o r r u g a t e d  d r a i n s  w i t h  r e l a t i v e l y  t h i n  
w a l l s  which have a h igh  load-bear ing s t r e n g t h  when p r o p e r l y  i n s t a l l e d .  The 
d e p t h  t o  which t h e  c o r r u g a t e d  p l a s t i c  d r a i n s  may b e  i n s t a l l e d  
t h e  wid th  of t h e  t r e n c h  and t h e  manner of bedding t h e  d r a i n .  

Metal  p i p e s  and o t h e r s  
I n  d r a i n a g e  work m e t a l  p i p e  i s  used c h i e f l y  f o r  t h e  f o l l o w i n g  

depends upon 

purposes:  

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

A s  a  s u b s t i t u t e  f o r  o t h e r  types  o f  d r a i n s  which do n o t  have 
enough s t r e n g t h  t o  w i t h s t a n d  s u r f a c e  l o a d s  where s u f f i c i e n t  
cover  of s o i l  i s  imposs ib le  t o  o b t a i n .  

Under road c r o s s i n g s  where a d d i t i o n a l  load-bear ing s t r e n g t h  
i s  r e q u i r e d .  

F o r  a u x i l i a r y  s t r u c t u r e s .  

For i n s t a l l a t i o n  through pocke t s  o f  quicksand o r  s i m i l a r  
u n s t a b l e  s o i l s  where a cont inuous p i p e  wi thou t  j o i n t s  i s  
r e q u i r e d .  

F i l t e r s  and envelopes  

F i l t e r s  f o r  d r a i n s  a r e  permeable m a t e r i a l s  p l a c e d  around t h e  d r a i n s  f o r  t h e  
purpose  o f  p r e v e n t i n g  f ine -gra ined  m a t e r i a l s  i n  t h e  sur rounding  s o i l s  from 
b e i n g  c a r r i e d  i n t o  t h e  d r a i n  by ground w a t e r .  

Envelopes f o r  d r a i n s  a r e  permeable m a t e r i a l s  p l a c e d  around t h e  d r a i n s  f o r  
t h e  purposes  of improving flow c o n d i t i o n s  i n  t h e  a r e a  immediately sur rounding  
t h e  d r a i n ,  and f o r  improving bedding c o n d i t i o n s .  

De te rmina t ion  of need f o r  f i l t e r s  and enve lopes  
I n  d e s i g n i n g  a  d r a i n a g e  system one of t h e  f i r s t  c o n s i d e r a t i o n s  is t o  d e t e r -  
mine i f  a  f i l t e r  is  needed. R e f e r r i n g  t o  T a b l e  4-7, i t  wil l .  b e  no ted  t h a t  
s o i l s  a r e  s e p a r a t e d  i n t o  t h r e e  groups ( u n i f i e d  C l a s s i f i c a t i o n  System) accord- 
i n g  t o  t h e  need f o r  a  f i l t e r .  The f i r s t  group always needs a  f i l t e r .  The 
second group may o r  may n o t  need f i l t e r s  and t h e  t h i r d  group seldom needs 
f i l t e r s  excep t  under  unusua l  c o n d i t i o n s .  

De te rmina t ion  of t h e  need f o r  envelopes  must b e  secondary t o  t h a t  f o r  f i l t e r s  
a s  f i l t e r s  o f t e n  w i l l  s e r v e  t h e  same purpose.  The need f o r  an envelope should 
b e  cons idered  i n  t h o s e  c a s e s  where a  f i l t e r  i s  n o t  s p e c i f i e d ,  and where f l e x -  
i b l e  p i p e  i s  used f o r  t h e  d r a i n .  R e f e r r i n g  t o  Table  4-7, i t  w i l l  b e  noted 
t h a t  envelopes  may b e  used i n  a l l  c a s e s  where f i l t e r s  a r e  n o t  recommended. 



FOR DRAIN FILTERS OR ENVELOPES, 
AND MINIMUM VELOCITIES IN DRAINS 

Soil Description 

Poorly graded sands, 
gravelly sands. 
Silty sands, poorly graded 
sand-si I t  mixture. 
lnorganic si l ts and very 
fine sands, rock flour, 
si l ty or clayey fine sands 
with slight plasticity. 
lnorganic si Its, micaceous 
or diatomaceous fine sandy 
or si l ty soils, elastic si l ts. 

Poorly graded gravels, 
gravel-sand mixtures, l i t t le  
or no fines. 
Clayey sands, poorly 
graded sand-clay mixtures. 
Si l ty gravels, poorly graded 
gravel-sand s i l t  mixtures. 
Silty sands, poorly graded 
sand-si It mixtures. 

- - - -- 

Clayey gravels, poorly 
graded gravel-sand-clay 
mixtures 
lnorganic clays of low to 
medium plasticity, gravelly 
clays, sandy clays, si l ty 
clays, lean clays. 
Same as SP & GP above. 
Well graded gravels, gravel- 
sand mixtures, l i t t le  or no 
fines. 
Well graded sands, gravelly 
sands, l i t t le  or no fines. 
Inorganic, fat clays 
Organic si Its and organic 
si It-clays of low plastic; ty. 
Organic clays of medium to 
high plasticity. 
Peat 

Fi l ter 
Recommendation 

Fi l ter 
needed 

Subject to 
local on-site 
determi nation. 

None 

Envelope 
Recommendation 

Not needed where 
sand and gravel 
f i l ter ' is used but 
may be needed 
with flexible 
drain tubing and 
other type filters. 

Not needed where 
sand and gravel 
f i l ter i s  used but 
may be needed 
with flexible 
drain tubing and 
other type filters. 

Table 4-7, The need for drain f i l t e r s  or envelopes 

A CLASSIFICATION TO DETERMINE THE NEED 

Optional. 

May be needed 
with flexible 
drain tubing. 

Un i f~ed Soil 
Classification 

SP ( f~ne )  

SM ( f~ne) 

M L 

M ti 

GP 

SC 

GM 

SM (coarse) 

GC 

C L 

SP.GP(coarse) 
GW 

SW 

CH 
OL 

OH 

P t  

lecomrnendations 
or Minimum Drain 

Velocity 

- 

None 

With f i l ter - none. 

Without f i l ter - 
1.40 feet/second. 

S T A N D A R D  DWG NO 

E S  - 722  

S H E E r  1 OF 1 

DATE 8,3 70 

REFERENCE- Thls chart was 
developed by W l l l l a m  F. Long 
and Ralph Brownscornbe. 

None - for soils 
with l i t t le  or no 
fines. 

1.40 feet/second 
for soils with 
appreciable fines 

U S D E P A R T M E N T  O F  A G R I C U L T U R E  

SOIL CONSERVATION SERVICE 

E N G I N F E R I N G  DIVISION - D R A I N A G E  S E C T I O N  



Thei r  need should be based on cons idera t ion  of s o i l  permeabi l i ty  and the  
bedding requirements of t he  dra in .  

The l a s t  column i n  Table 4-7 g ives  recommendations f o r  the  minimum v e l o c i t y  
i n  d r a i n s  t o  prevent  sediment from being depos i ted  i n  t he  d ra in .  It w i l l  be 
noted t h a t  where f i l t e r s  a r e  spec i f i ed  t h e r e  i s  no recommendation f o r  minimum 
v e l o c i t y .  

Ma te r i a l s  f o r  f i l t e r s  and envelopes 
A m a t e r i a l  may have c h a r a c t e r i s t i c s  which meet the  requirements of both a  
f i l t e r  and an envelope f o r  a  p a r t i c u l a r  s i t e  condi t ion .  Well graded sand- 
g rave l  ma te r i a l s  o f t e n  have these c h a r a c t e r i s t i c s .  Other ma te r i a l s ,  which 
may be l e s s  c o s t l y ,  may be s u i t a b l e  f o r  only one purpose. It i s  necessary,  
t he re fo re ,  t o  determine the  requirements of a  p a r t i c u l a r  i n s  t a l l a t i o n  and 
spec i fy  a  m a t e r i a l  which w i l l  meet t h e  requirements. 

The s p e c i f i c a t i o n s  f o r  granular  f i l t e r  m a t e r i a l s  a r e  more r i g i d  than f o r  
envelope ma te r i a l s  and o f t e n  i t  i s  necessary t h a t  they be screened and graded 
to  develop the  des i r ed  gradat ion  c h a r a c t e r i s t i c s .  Envelope ma te r i a l s  u sua l ly  
a r e  a v a i l a b l e  i n  t h e i r  n a t u r a l  s t a t e  a t  low c o s t  without processing.  However, 
i f  t h e  envelope m a t e r i a l  contains f i n e  m a t e r i a l  which may e n t e r  the  d r a i n ,  o r  
s e a l  t he  j o i n t s ,  t hese  f i n e s  should be screened o u t  before  using the  ma te r i a l .  
F i l t e r  ma te r i a l s  w i th  the  proper gradat ion  a r e  a v a i l a b l e  i n  t he  n a t u r a l  s t a t e  
a t  some loca t ions  b u t  f requent ly  i t  i s  necessary to  do some process ing ,  which 
u s u a l l y  inc reases  the  c o s t  ma te r i a l ly .  For t h i s  reason i t  i s  important t h a t  
t he  requirement f o r  sand and g rave l  f i l t e r s  o r  envelopes be c l e a r l y  spec i f i ed  
on a l l  p l ans  f o r  bu r i ed  dra ins .  

I n  humid a r e a s ,  where s o i l s  have a high content  of organic  m a t e r i a l ,  i t  is a 
common p r a c t i c e  t o  b l i n d  the  d r a i n  wi th  t o p s o i l  shaved from the  top and s i d e s  
of t he  t rench.  This  t o p s o i l  o f t en  has  a  high permeabil i ty and se rves  a s  an 
envelope and a f i l t e r  t o  some degree. Organic ma te r i a l s  such a s  hay, s traw, 
sawdust,  wood ch ips ,  and ground corncobs a l s o  a r e  used t o  some ex ten t  and 
a r e  e f f e c t i v e  f o r  a  l imi t ed  period of time. Organic mat te r  should be kept  
away from the  d r a i n  i n  those  a reas  where s o i l  conta ins  i r o n  o r  manganese 
compounds. Organic ma t t e r  around the  d r a i n  adds to  the  problem of chemical 
depos i t s  clogging t h e  s o i l  immediately ad jacen t  t o  the  d ra in ,  t he  j o i n t s ,  and 
t h e  pe r fo ra t ions  i n  t he  dra in .  Sand and g rave l  and f i b e r  g l a s s  a r e  used t o  
a l imi t ed  ex ten t  i n  humid a reas  f o r  f i l t e r s .  

I n  a r i d  a r e a s  s o i l s  gene ra l ly  a r e  minera l  s o i l s  wi th  a  low organic  content  and 
gene ra l ly  a r e  n o t  s u i t a b l e  a s  f i l t e r  ma te r i a l .  Blinding i s  p rac t i ced  only t o  
prevent  displacement of t he  d r a i n  during b a c k f i l l  opera t ions .  Sand and g rave l  
f i l t e r s  and envelopes a r e  used extens ive ly  i n  t he  a r i d  a reas .  Fiber-glass  
f i l t e r s  have been used t o  a very l imi t ed  ex ten t .  

Organic f i l t e r s  and envelopes. - Of a l l  t h e  organic f i l t e r  and envelope 
m a t e r i a l s ,  o rganic  s o i l s  are most cormnonly used. Organic s o i l s  used t o  b l i n d  
t h e  d r a i n  a l s o  se rve  as a p a r t i a l  f i l t e r .  The  exac t  f i l t e r i n g  q u a l i t y  of 
organic  s o i l s  i s  unknown and t h e r e  i s  no f e a s i b l e  method of measuring t h i s .  
From long experience i t  i s  known t h a t  d r a i n s  bl inded wi th  good organic  s o i l s  
have a b e t t e r  record of performance than those without  such b l inding .  This  
a l s o  is  t r u e  f o r  d r a i n s  bl inded with o t h e r  organic  ma te r i a l s  such a s  hay, 
s t r aw ,  sawdust, wood chips and corncobs. The r e l a t i v e  f i l t e r i n g  q u a l i t i e s  
of these  ma te r i a l s  v a r i e s  with p a r t i c l e  s i z e  gradat ion .  The coa r se r  
m a t e r i a l s  such a s  wood chips  and corncobs have a low f i l t e r  va lue  b u t  do 
s e r v e  a s  an envelope t o  improve hydraul ic  condi t ions  i n  the  area  surrounding 



t h e  d r a i n .  The u se  of t he se  m a t e r i a l s  i s  n o t  ob j ec t i onab l e  b u t  t h e r e  is  some 
ques t i on  as t o  t h e i r  va lue  under c e r t a i n  circumstances.  The p r a c t i c e  of 
b l i nd ing  w i th  o rgan i c  t o p s o i l  i s  recommended except  a s  noted above where t h e r e  
i s  a problem of chemical d e p o s i t s  around t h e  d r a i n .  Bl inding is e s s e n t i a l  t o  
main ta in  d r a i n  alignment and t h e  f i l t e r i n g  e f f e c t  ob ta ined  i s  a cos t - f r ee  by- 
product  of t h e  b l i nd ing  ope ra t i on .  I n  summary, i t  i s  recognized t h a t  o rgan i c  
f i l t e r s  and envelopes,  a s  d i s cus sed  above, have some va lue  a s  a f i l t e r  b u t  t he  
s p e c i f i c  va lue  is  unknown and n o t  measurable. For  t h i s  reason d r a i n s  i n  
c r i t i c a l  s o i l s  known t o  be  s u b j e c t  t o  p ip ing  should be p ro t ec t ed  w i th  o t h e r  
types of f i l t e r  m a t e r i a l  w i th  measurable and known q u a l i t i e s .  

F ibe r -g l a s s  f i l t e r s .  - Fiber -g lass  f i l t e r s  a r e  manufactured from g l a s s  prod- 
u c t s  and a r e  commercially a v a i l a b l e  i n  r o l l s  f o r  va r ious  s i z e  d r a i n  and t rench  
width.  There a r e  c u r r e n t l y  s e v e r a l  types of t h i s  m a t e r i a l  a v a i l a b l e ,  vary ing  
i n  t h i cknes s  from paper t h i n  t o  about  1 inch.  L ime-boros i l i ca te  g l a s s  is  t h e  
on ly  type  of g l a s s  s u i t a b l e  f o r  use  i n  underground f i l t e r s .  

F iber -g lass  f i l t e r s ,  o r  mats a s  they a r e  o f t e n  c a l l e d ,  a r e  a nonwoven f a b r i c  
and t he  s i z e  of openings v a r i e s  from po in t  t o  p o i n t  w i th in  t h e  m a t e r i a l .  For 
t h i s  reason  t he  s i z e  of p a r t i c l e s  t h a t  w i l l  p a s s  through the  f i l t e r  a r e  n o t  
uniform b u t  have some g rada t i on .  Recommendations f o r  use of a p a r t i c u l a r  type 
of f i b e r - g l a s s  f i l t e r  should be  based on exper ience  and a v a i l a b l e  r e sea rch .  

P l a s t i c - f a b r i c  f i l t e r s .  - Seve ra l  new p l a s t i c  f a b r i c s  have r e c e n t l y  become 
commercially a v a i l a b l e  a s  f i l t e r  m a t e r i a l .  Polypropylene,  po lyvinyl idene ,  
and polye thylene  f i l t e r  m a t e r i a l  a l s o  a r e  a v a i l a b l e .  Although r e sea rch  and 
exper ience  wi th  t he se  t o  d a t e  is  l i m i t e d  t he  product  da t a  a v a i l a b l e  i n d i c a t e  
t h a t  they a r e  u s e f u l  a s  f i l t e r s  f o r  d r a i n s .  

Sand and g r a v e l  f i l t e r s  and envelopes.  - Sand and g rave l  f i l t e r s  and envelopes 
a r e  used ex t ens ive ly  i n  a r i d  a r e a s  wi th  minera l  s o i l s  of low o rgan i c  conten t .  
Sands and g r a v e l s  s u i t a b l e  f o r  f i l t e r  and envelope m a t e r i a l  a r e  r e a d i l y  
a v a i l a b l e  i n  t h e i r  n a t u r a l  s t a t e  i n  many a r e a s .  Where p i t - run  sand and g r a v e l  
a r e  poor ly  graded and n o t  s u i t a b l e  f o r  f i l t e r  m a t e r i a l ,  i t  is  necessary  t o  
process  i t  p r i o r  t o  use.  On l a r g e  p r o j e c t s  where a cons iderab le  volume of 
f i l t e r  m a t e r i a l  i s  needed, i t  may be d e s i r a b l e  t o  s e t  up a l o c a l  s c r een ing  
p l a n t  f o r  t h i s  purpose. On smal l  p r o j e c t s  i t  u s u a l l y  is  more economical t o  
purchase t h e  de s i r ed  g r ada t i on  of f i l t e r  m a t e r i a l  from a commercial sand and 
g rave l  p l a n t .  Experience w i th  a l l  types of d r a i n  f i l t e r s  i n d i c a t e s  t h a t  sand 
and g r a v e l  f i l t e r s  have performed t h e  b e s t .  This  type  of f i l t e r  should be 
given f i r s t  cons ide ra t i on  f o r  use .  

Design of f i l t e r s  and envelopes 
Design of sand and g rave l  f i l t e r .  - The f i r s t  s t e p  i n  s e l e c t i n g  an accep t ab l e  
sand and g r a v e l  m a t e r i a l  f o r  a f i l t e r  is  t o  determine,  by mechanical a n a l y s i s ,  
t he  g r ada t i on  curve of t he  ba se  m a t e r i a l .  The base m a t e r i a l  is  t h e  s o i l  found 
a t  t h e  depth t h e  d r a i n  is  t o  be l a i d .  Samples of t he  base  m a t e r i a l  should be 
ob ta ined  and a mechanical a n a l y s i s  made. The number of samples taken depends 
on v a r i a t i o n s  i n  t h e  base m a t e r i a l .  The fo l lowing  des ign  c r i t e r i a  a r e  based 
on r e sea rch  by t he  U .  S. Bureau of Reclamation and t he  Corps of Engineers ,  
U .  S .  Army. Limi ts  a r e  e s t a b l i s h e d  which should be  met by a f i l t e r  m a t e r i a l  
f o r  a s p e c i f i c  base m a t e r i a l .  Mul t ip ly ing  t he  50-percent g r a in  s i z e  of t he  
base s o i l  m a t e r i a l  by 12  and 58 w i l l  g ive  t he  l i m i t s  t h e  50-percent s i z e  of 
the  f i l t e r  should f a l l  w i th in .  Mul t ip ly ing  t he  15-percent f i n e  s i z e  of t he  
base s o i l  m a t e r i a l  by 12  and 40 g ives  t he  l i m i t s  t h e  15-percent f i n e  s i z e  of 
t he  f i l t e r  should f a l l  w i th in .  The g rada t i on  curve of t he  f i l t e r  m a t e r i a l  
should g e n e r a l l y  p a r a l l e l  t h a t  of t he  base m a t e r i a l .  A l l  of t he  f i l t e r  



m a t e r i a l  s h a l l  pass  t h e  1 112-inch s i e v e ,  90 pe rcen t  of t h e  m a t e r i a l  s h a l l  
pass  t h e  314-inch s i e v e  and no t  more than 10 percent  of t h i s  ma te r i a l  s h a l l  
pa s s  t h e  No. 60 s i e v e .  The maximum s i z e  l i m i t a t i o n  i n s u r e s  a g a i n s t  damage 
t o  d r a i n s  o r  alignment o r  too much seg rega t ion  during placement, and the  
No. 60 s i e v e  l i m i t a t i o n  prevents  an excess  of f i n e s  i n  t he  f i l t e r ,  which a r e  
more e a s i l y  c a r r i e d  by water  pe rco l a t i ng  i n t o  t he  d r a i n .  These l i m i t s  a r e  
summarized a s  fol lows:  

50-percent s i z e  of f i l t e r  
= 12 to 58 

50-percent s i z e  of base 

15-percent f i n e  s i z e  f i l t e r  = 12 to 40 
15-percent f i n e  s i z e  base 

Where t h e  f i l t e r  and base ma te r i a l  a r e  more o r  l e s s  uniformly graded, a  
f i l t e r  s t a b i l i t y  r a t i o  of l e s s  than 5 i s  gene ra l ly  s a f e ,  thus 

15-percent f i n e  s i z e  f i l t e r  = less than 5.  
85-percent f i n e  s i z e  base  

F igure  4-37 i l l u s t r a t e s  t he  use of t he  c r i t e r i a  where t h r e e  f i l t e r  m a t e r i a l s  
have been graded t o  determine t h e i r  s u i t a b i l i t y . .  

I n  l o c a t i o n s  where sand-gravel f i l t e r s  a r e  commonly used, i t  i s  recommended 
t h a t  g r a v e l  p i t s  be  s e l e c t e d ,  mechanical ana lyses  made, and t h e  grada t ion  
and l i m i t i n g  curves prepared f o r  each p i t .  A f i l t e r  guide may be  e s t ab l i shed  
by prepar ing  g rada t ion  curves of base m a t e r i a l ,  and by comparison wi th  t h e  
p i t  curves,  . the  most d e s i r a b l e  p i t  m a t e r i a l  can be s e l e c t e d .  For rou t ine  
ag r i cu l tu ra l -d ra inage  i n s t a l l a t i o n s ,  many p i t - run  g r a v e l s  a r e  adequately 
graded t o  do a  reasonably good job of f i l t e r i n g ;  bu t  sample ana lyses  should 
be  made. 

Where sand and g rave l  f i l t e r  ma te r i a l  is t o  be placed around pe r fo ra t ed  d r a i n s ,  
cons ide ra t i on  must be  g iven  t o  the  diameter  of t h e  p e r f o r a t i o n s  a s  these  a r e  
f i x e d  and cannot be  v a r i e d  a s  t he  gap-space can i n  t h e  ca se  of butt-end t i l e .  
Where pe r fo ra t ed  d r a i n s  a r e  used, t h e  D85 (85% f i n e  l i n e )  s i z e  should b e  no 
sma l l e r  than one-half t he  diameter of t h e  p e r f o r a t i o n s  and no more than 10 
percent  of t he  f i l t e r  m a t e r i a l  should pass  t h e  No. 60 s i e v e .  

Where sand and g r a v e l  f i l t e r s  a r e  used, t h e  th ickness  of t h e  f i l t e r  m a t e r i a l  
around t h e  d r a i n  should b e  3 inches  o r  more. I n  those  cases  where t h e  top 
of t h e  d r a i n  is  covered wi th  a  p l a s t i c  s t r i p ,  t h e  requirement f o r  f i l t e r  
above t h e  d r a i n  may be waived. This  design w i l l  reduce t h e  amount of f i l t e r  
m a t e r i a l  requi red  and may be the  most economical i n  a r e a s  where sand and 
g rave l  a r e  expensive. Experience t o  da t e  ind ica tes '  t h a t  t h i s  is  t h e  b e s t  
type  of f i l t e r  i n s t a l l a t i o n  (Figure 4-38). 

Design of f i be r -g l a s s  f i l t e r s .  - A l l  f i be r -g l a s s  f i l t e r  m a t e r i a l  must be 
f a b r i c a t e d  from l ime-boros i l ica te  type g l a s s .  Experience wi th  o t h e r  types 
of g l a s s  has i n d i c a t e d  t h a t  they a r e  n o t  s u i t a b l e  f o r  use  underground. Fiber-  
g l a s s  f i l t e r  m a t e r i a l  i s  commerclaLly a v a i l a b l e  i n  s e v e r a l  degrees of t h i ckness ,  
a l l  of which have been used with varying degrees of success .  A s  a genera l  
p r a c t i c e ,  these  f i l t e r s  a r e  placed over t h e  top two-thirds of t h e  circumference 
of t h e  d r a i n ;  however, i n  some cases t he  m a t e r i a l  has been placed completely 
around t h e  d ra in .  The use  of f i be r -g l a s s  f i l t e r s  f o r  d r a i n s  is  r a t h e r  new 
and a t  p r e sen t  t h e r e  is no t  s u f f i c i e n t  experience t o  i n d i c a t e  t h e  expected 
l i f e  and d u r a b i l i t y  of t he  ma te r i a l .  
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Figure 4-37, Mechanical analyses of gravel filter material 



Figure 4-38, F i l t e r  i n s  t a l l a t i o n  

Design of organic f i l t e r s .  - Organic f i l f e r s  cover a  wide range of ma te r i a l s  
from organic  s o i l s  t o  sawdust and wood chips .  The condi t ions  and the  r e s u l t s  
obtained over t h e  country a s  a  whole a r e  s o  va r i ed  and d i f f e r e n t  t h a t  i t  is  
impossible t o  d i scuss  them i n  a  l imi t ed  space.  Reference is  made t o  s t a t e  
and l o c a l  guides and handbooks. 

Organic f i l t e r s  a r e  u sua l ly  th icker  than o t h e r  types.  I n  genera l  they vary 
from about 6 inches t o  1 foo t .  The information on e f f ec t iveness  must be based 
l a r g e l y  on l o c a l  experience a s  t he re  a r e  no e s t ab l i shed  methods to  determine 
t h e  f i l t e r i n g  a c t i o n  of these  ma te r i a l s  i n  advance of design and cons t ruc t ion .  

Design of sand and g rave l  envelopes. - One of the  b a s i c  funct ions  of an enve- 
l ope  i s  t o  improve the  permeabil i ty i n  t h e  zone around the  t i l e .  For t h i s  
reason the  f i r s t  requirement i s  t h a t  t h e  envelope m a t e r i a l  have a  permeabil i ty 
h igher  than the  base ma te r i a l .  A l l  of t he  envelope m a t e r i a l  should pass t h e  
1 1/2-inch s i e v e ,  90 percent  of t he  m a t e r i a l  should pass t he  314-inch s i e v e ,  
and no t  more than 10 percent  of the  ma te r i a l  should pass t he  No. 60 s i eve .  
The gradat ion  of t he  envelope m a t e r i a l  i s  no t  important as i t  does not  s e rve  
the  purpose of a  f i l t e r .  The th ickness  of t he  envelope ma te r i a l  surrounding 
the  d ra in  should no t  be l e s s  than 3 inches t o  i n su re  complete placement. 
Amounts i n  excess of t h i s  a r e  not  objec t ionable  but  t h e  economic f e a s i b i l i t y  
i s  ques t ionable .  

I n  t he  case of i n t e r c e p t i o n  d ra ins  on s t e e p  s l o p e s ,  i t  may be d e s i r a b l e  t o  
p l ace  a d d i t i o n a l  envelope ma te r i a l  above t h e  d ra in  t o  prevent  bridging-over 
of ground-water flow above the dra in .  Very l i t t l e  research  information is 
a v a i l a b l e  on t h i s  s u b j e c t ;  however, i n d i c a t i o n s  a r e  t h a t  t h i s  may occur where 
t h e  hydraul ic  g rad ien t  of the  water  t a b l e  exceeds 3 percent .  

Drain appurtenances 
Ou t l e t  s t r u c t u r e s .  - When sur face  water  must en t e r  the  d i t c h  a t  the  d ra in  
o u t l e t ,  a  s t r u c t u r e  should be used t o  d ischarge  i t  i n t o  the  d i t c h  without  
e ros ion  and to  provide p ro t ec t ion  f o r  the  o u t i e t  of the  d ra in .  (Figure 4-39). 



L 

Figure  4-39, O u t l e t  p r o t e c t i o n  

When s u r f a c e  water  is  n o t  involved,  t he  most p r a c t i c a l  and economical o u t l e t  
is  a  l e n g t h  of continuous p i p e  wi thout  p e r f o r a t i o n s  o r  open j o i n t s .  The p ipe  
should b e  s u f f i c i e n t l y  long t o  i n s u r e  t h a t  t h e r e  w i l l  b e  no seepage around the  
d r a i n  which may cause e ro s ion  a t  t h e  o u t l e t .  At l e a s t  two-thirds of t he  p ipe  
should be embedded i n  t he  bank t o  provide  t h e  r equ i r ed  c a n t i l e v e r  suppor t .  An 
o u t l e t  i n t o  a recessed a r e a  of f  t h e  d i t c h  minimizes turbulence and provides  
p r o t e c t i o n  from bank e ros ion ,  f l o a t i n g  i c e ,  and debr-is. When s u f f i c i e n t  depth 
of cover is n o t  ob t a inab l e  a t  t h e  d r a i n  o u t l e t  s e v e r a l  methods may be used t o  
p r o t e c t  t h e  d r a i n .  (Figure 4-40). 

P r o t e c t i o n  from animals.  - Automatic f l a p  g a t e s ,  r ods ,  o r  s i m i l a r  p r o t e c t i o n  
should b e  used on a l l  d r a i n  o u t l e t s  t o  exclude sma l l  animals un l e s s  t he  o u t l e t  
is  so l o c a t e d  t h a t  i t  would be impossible  f o r  them t o  e n t e r  t he  d r a i n .  
( ~ i g u r e  4-41). No f i xed  ba r  o r  o t h e r  type g r a t i n g  shown i n  t h i s  f i g u r e  should 
be used where d i r e c t  e n t r y  of s u r f a c e  water  o r  any type  d e b r i s  i s  p o s s i b l e .  
Gates should be used i n  t he se  ca se s .  

Junc t i on  boxes. - Junc t ion  boxes should be used where more than two main 
d r a i n s  j o i n  o r  where two o r  more l a t e r a l s  o r  mains j o i n  a t  d i f f e r e n t  e leva-  
t i o n s .  Where p o s s i b l e ,  j unc t i on  boxes should be l oca t ed  away from farm 
t r a f f i c .  The cover may be  above ground s o  i t  can be seen  and provide  easy  
acces s  f o r  i n spec t i on .  I f  t h e  j unc t i on  p o i n t  is i n  a  c u l t i v a t e d  f i e l d ,  t he  
top of  t h e  box should be  s e t  a t  l e a s t  18 inches  below t h e  s u r f a c e  of t h e  
ground, capped, covered wi th  s o i l ,  and i t s  l o c a t i o n  re fe renced  s o  t h a t  i t  can 
be  found e a s i l y .  (Figure 4-42). 



F i g u r e  4-40, Drain outlets 



Figure 4-41, Rodent protection f o r  o u t l e t  pipe 



Figure 4-42, Junction box for drains 



Pres su re  r e l i e f  ven t .  - Vents s e r v e  t o  r e l i e v e  p r e s su re  i n  t he  l i n e  t h a t  
might o therwise  cause e ro s ion  of t h e  s o i l  over  t h e  d r a i n .  This  e ro s ion  
r e s u l t s  i n  ho l e s  which a r e  known a s  "blowouts". These v e n t s  can be  construc-  
ted  by p l ac ing  a T-connection i n  t he  l i n e  and cementing p ipe  v e r t i c a l l y  i n t o  
t h e  T.  The r e l i e f  p ipe  should ex tend  a t  l e a s t  1 f o o t  above t h e  ground u n l e s s  
t he  de s ign  provides  f o r  i t  t o  s e r v e  a l s o  a s  a  s u r f a c e  i n l e t .  (F igure  4-43). 

F igu re  4-43, Vent 

The exposed end of t h e  p i p e  should be covered w i th  heavy w i r e  mesh o r  g r a t i n g  
and f i r m l y  f i x e d  t o  t he  p ipe .  The s i z e  of t h e  riser p ipe  may be equa l  t o  o r  
smal le r  i n  diameter  than t h e  d r a i n .  The i l l u s t r a t i o n  shows the  use  of sewer 
p i p e  t o  c o n s t r u c t  a  ven t .  Other  p i p e  such a s  conc re t e ,  b i t m i n i z e d  f i b e r ,  o r  
meta l  p ipe  may be used. 

Vents should be l oca t ed  a t  p o i n t s  where t h e  d r a i n  grade changes from a  s t e e p  
grade t o  a  f l a t  grade t o  e l i m i n a t e  t h e  p o s s i b i l i t y  of bu i l d ing  up exces s ive  
p r e s su re s .  Although t h e  change i n  d r a i n  s i z e  i s  made a t  t he  break  i n  grade 
t o  t ake  c a r e  of t he  change i n  v e l o c i t y ,  a  ven t  w i l l  a c t  a s  a s a f e t y  va lve  and 
g i v e  added p r o t e c t i o n  t o  t he se  p o i n t s .  It i s  recommended t h a t  p r e s s u r e  r e l i e f  
v e n t s  be i n s t a l l e d  where t h e  d i f f e r e n c e  i n  grades  exceeds 0.5 pe rcen t .  Pres-  
s u r e  r e l i e f  ven t s  w i l l  s e r v e  a s  b r e a t h e r s  o r  i n s p e c t i o n  w e l l s .  

Brea thers .  - These a r e  cons t ruc t ed  t he  same a s  a  v e n t  and may s e r v e  t h e  same 
purposes. A brea the r  provides  a i r  e n t r y  t o  a d r a i n  f o r  t h e  purpose of ven t ing  
t he  l i n e .  



Sur face  wa te r  i n l e t s .  - Surface water  i n l e t s  a r e  used t o  provide  s u r f a c e  
water  an  e n t r y  i n t o  a  d r a in .  Due t o  t h e  h igh  c o s t  of c a r ry ing  s u r f a c e  water  
i n  bur ied  d r a in s ,  t h i s  p r a c t i c e  should be  recommended only f o r  d r a i n i n g  low 
a r e a s  where a s u r f a c e  dra inage  system is n o t  f e a s i b l e  o r  p r a c t i c a l .  When 
s u r f a c e  water  i n l e t s  a r e  used, two o r  t h r e e  l eng ths  of sewer p ipe  should be 
p l aced  on each s i d e  of t he  r i s e r .  The r i s e r  should be i n s t a l l e d  a s  recom- 
mended f o r  r e l i e f  w e l l s .  Surface water  i n l e t s  should be  p ro t ec t ed  wi th  a 
beehive  o r  t r u n c a t e  of  cone g r a t e .  (F igure  4-44). 
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Figure  4-44,  Surface  water  i n l e t  

The cone g r a t e  i s  a d e s i r a b l e  p r o t e c t i o n  s i n c e  i t  tends t o  f l o a t  t he  f lood  
d e b r i s  and prevents  t he  d e b r i s  from c l o s i n g  over  t he  en t r ance .  Metal p ipe s  
w i t h  h o l e s  punched through the  p ipe  a t  o r  s l i g h t l y  above ground l e v e l  may be 
used a s  i n l e t s .  I n  some loca t i ons  a  top cover over  t h e  p i p e  prevents  d e b r i s  
going down the  p i p e  and a t r a s h  s c r een  p reven t s  lodging a g a i n s t  t he  p ipe .  

Where t h e r e  is a l i k e l i h o o d  of s u b s t a n t i a l  amounts of sediment e n t e r i n g  t he  
s u r f a c e  water  i n l e t ,  i t  is  adv i sab l e  t o  use  a  manhole ca tch  ba s in  add sed i -  
ment t r a p .  (Figure 4-45) .  Since s u r f a c e  wa te r  i n l e t s  may be  a  source  of 
weakness i n  a  dra inage  system, o f f s e t t i n g  t he  i n l e t  t o  one s i d e  of t he  l i n e  
reduces t h e  hazard t o  t h e  main l i n e .  One method of doing t h i s  is  t o  p l ace  
t h e  s u r f a c e  water  i n l e t  on a  s h o r t  l a t e r a l  s o  t h a t  damages which might occur  
t o  t h e  i n l e t  w i l l  n o t  d i s t u r b  t he  main. 

Bl ind i n l e t  o r  f r ench  d r a i n .  - A method of cons t ruc t i ng  a  b l i n d  i n l e t  is  a s  
fo l lows:  A s e c t i o n  of t h e  t rench  above t h e  d r a i n  i s  f i l l e d  wi th  broken b r i c k  
o r  t i l e ,  s t o n e ,  g r a v e l ,  o r  crushed rock ,  o r  a  combination of t h e s e  m a t e r i a l s .  
The f i l l  should be c a r e f u l l y  s e l e c t e d  and placed around and about  6 inches  
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F i g u r e  4-45, Manhole catch b a s i n  o r  sediment  t r a p  



above t h e  d r a i n  t o  meet envelope requirements .  Above t h i s  p o i n t  up t o  w i th in  
12  o r  1 8  inches  of t h e  ground su r f ace ,  t h e  m a t e r i a l  should be  graded upward 
from coa r se  t o  f i n e  and covered w i th  t o p s o i l .  For f a s t e r  i n t a k e  of water  and 
i n  a r e a s  where s i l t i n g  i s  a  problem, pea g r a v e l ,  smal l  s t o n e s ,  o r  coarse  sand 
may be  used i n  p l a c e  of t h e  t opso i l .  Graded g r a v e l  a l s o  may be used t o  con- 
s t r u c t  t h e  b l i nd  i n l e t .  The l eng th  of t ime f o r  which t he  b l i n d  i n l e t  w i l l  be 
u s e f u l  depends on p rope r  i n s t a l l a t i o n ,  f i l l  m a t e r i a l ,  and amount of sediment 
reaching  t h e  i n l e t .  

Bl ind i n l e t s  a r e  used t o  remove both s u r f a c e  and subsur face  water  and a r e  most 
u s e f u l  i n  open f i e l d s  a s  they do n o t  h inde r  farming ope ra t i ons .  The r a t e  of 
removal of impounded wa te r  through b l i n d  i n l e t s  i s  much slower than through 
s u r f a c e  i n l e t s  and should no t  be used where t h e r e  i s  a l a r g e  amount of 
impounded water .  

I 
Figure  4-46, Blind i n l e t  

Mul t i p l e  d r a i n s  i n  d e p r e s s i o n a l  a r e a s .  - Closely spaced m u l t i p l e  d r a i n s  a r e  
occas iona l l y  i n s t a l l e d  i n  depress iona l  a r e a s  t o  remove both  s u r f a c e  and sub- 
s u r f a c e  water .  This  type  of i n s t a l l a t i o n  (F igure  4-47) i s  e a s i e r  t o  i n s t a l l  
than t he  b l i n d  i n l e t  and i s  usua l l y  j u s t  a s  e f f e c t i v e .  Gravel  envelopes w i l l  
improve i n f i l t r a t i o n  i n t o  these  m u l t i p l e  l i n e s .  

0 0 -  
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Figure  4-47, Closely spaced d r a i n s  i n  wet a r e a s  



Drain c ro s s ings .  - Spec i a l  p r ecau t ions  should be  taken where d r a i n s  are placed  
under waterways, ditches, roads ,  o r  o t h e r  c ro s s ings .  I f  t he  cover  i s  30 inches  
o r  l e s s  o r  i f  unusual s o i l  o r  l oad  condi t ions  e x i s t ,  t he  d r a i n  should e i t h e r  
be encased i n  concre te  o r  a s p e c i a l  p i p e  used such a s  meta l  o r  e x t r a  s t r e n g t h  
sewer t i l e  w i th  cemented j o i n t s  . (I?hgLre 4-48). 

F igure  4-48, Drain c ro s s ings  
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Cons t ruc t ion  

General  

Hand t r ench ing  is ve ry  seldom p r a c t i c e d  except  where t r ench ing  machinery i s  
n o t  a v a i l a b l e  o r  where machine ope ra t i on  i s  i m p r a c t i c a l  due t o  t h e  smal l  s i z e  
o r  l o c a t i o n  of t h e  proposed p r o j e c t .  
d i scussed .  

Drain i n s t a l l a t i o n  by hand 

The t r ench  is  u s u a l l y  s t aked  a t  25- 
t o  50-foot i n t e r v a l s .  Hubs a r e  
o f f s e t  a  s h o r t  d i s t a n c e  from the  
c e n t e r l i n e  of t h e  t r ench  and dr iven  
t o  about  t h e  ground l e v e l .  A guard 
s t a k e  i s  d r i v e n  nea r  t h e  hub on 
which is marked t h e  s t a t i o n  and t he  
depth  of c u t  from t h e  top of t h e  
hub t o  t h e  t rench  bottom. 

B a t t e r  boards 
B a t t e r  boards a r e  used t o  a s s i s t  
t h e  t i l e r  t o  s t a y  on grade .  Ba t t e r  
boards a r e  cons t ruc t ed  by d r iv ing  
a  s t a k e  a t  t h e  hub and one on t h e  
oppos i t e  s i d e  of t h e  proposed t rench  
from t h e  hub. S e l e c t  a  convenient 
depth (5 t o  6 f e e t )  and clamp o r  
n a i l  a  h o r i z o n t a l  c ro s sba r  on t h e  
two s t a k e s  a t  an e l e v a t i o n  such t h a t  
t h e  top of t he  c ro s sba r  is  t h e  d i s -  
t ance  s e l e c t e d  above t h e  t rench  
bottom. I f  6 f e e t  i s  s e l e c t e d  and 
t h e  c u t  on t he  hub i s  3.9 f e e t ,  t he  
top of  t h e  c rossbar  should be p laced  
2 .1  f e e t  above t h e  top  of t he  hub. 

Crossbars  a r e  s e t  i n  t h e  same manner 
a t  each hub. A cha lk  l i n e  o r  w i r e  
s t r e t c h e d  over t he  top  of t he  b a r s  

Both hand and machine t r ench ing  a r e  

Trenching with a spade 

shows t h e  s l o p e  of t h e  proposed t rench  bottom. The chalk l i n e  should be 
s t r a i g h t  i f  i t  does n o t  i nc lude  a  grade break.  The t r enche r  can then measure 
from t h e  cha lk  l i n e  t o  t he  bottom of t h e  excava t ion  t o  s e e  i f  t he  t rench  is 
on grade.  I f  t h r e e  b a t t e r  boards a r e  s e t ,  t h e  grade may be  checked by s i g h t -  
i n g  over  t h e  c ro s sba r s .  When a grade break  occu r s ,  a  t a r g e t  must be s e t  a t  
t h e  s t a t i o n  where t h e  break i s  t o  be made and a d d i t i o n a l  t a r g e t s  s e t  beyond 
t h i s  p o i n t  t o  o b t a i n  t h e  c o r r e c t  s l o p e  of t h e  l i n e  of  s i g h t .  

Equipment used f o r  t r e n c h i n g  
Most excava t ion  i s  done w i th  a t i l e  spade.  I n  heavy, wet ,  o r  l oose  s o i l  t h e  
s o l i d  t i l e  spade is  used,  bu t  sometimes a , ske l e ton  b l ade  i s  much e a s i e r  a s  i t  
i s  l i g h t e r  and t he  s o i l s  f a l l  from i t  e a s i e r .  A round-pointed shovel  is  used 
t o  c l e a n  out  t he  t r ench  i f  a  d r a i n  c l e a n e r  is  no t  a v a i l a b l e .  A chalk l i n e  o r  
w i r e  of more than 100 f e e t  i n  l eng th ,  a r u l e ,  and o t h e r  hand t o o l s  may be 
necessary .  



Excavating the  t rench 
Trenching begins a t  the o u t l e t  and proceeds upslope. Two o r  t h ree  spadings 
may be necessary,  the  number depends upon the  depth of the  trench. A t rench 
width of 1 2  inches i s  s u f f i c i e n t  f o r  4-, 5- ,  and 6-inch d ra ins .  Carefu l  
excavation of t h e  top spading w i l l  prevent  alignment d i f f i c u l t i e s  l a t e r  a s  
l i n e  and width of  t he  t rench  a r e  e s t ab l i shed  by the  f i r s t  spading. An accu- 
r a t e  l i n e  should be s t r e t ched  between the  s t akes  t o  i n su re  good alignment. 
The t r enche r  f aces  the o u t l e t  and c a s t s  t he  f i r s t  spading wel l  back from t h e  
edge of t he  t rench  t o  provide space f o r  the  o t h e r  spadings so the s o i l  w i l l  
no t  r o l l  back i n t o  the  t rench.  He may c a s t  t he  excavation on e i t h e r  o r  both 
s i d e s  of t h e  t rench.  

The l a s t  spading should be t o  a depth about 2 inches above the  f i n i s h  grade 
of the  t rench .  The l a s t  few inches of the  s o i l  should then be removed from 
the  t rench  by a d ra in  c leaner  o r  round-pointed shovel .  The bottom of the  
t rench should be  shaped s o  t h a t  about one-fourth of t he  circumference of t he  
d ra in  w i l l  be i n  contac t  wi th  t h e  s o i l .  Care must be taken t o  smooth the  
t rench bottom t o  the  exac t  grade. I f  a s e c t i o n  of t he  t rench i s  acc iden ta l ly  
excavated below grade, the  s e c t i o n  should be b a c k f i l l e d ,  tamped, and shaped 
t o  grade. I f  uns table  s o i l  is  encountered, t he  bottom of the  t rench  should 
be firmed up wi th  s t a b l e  s o i l ,  hay, s t raw,  sod,  g rave l ,  o r  o the r  ma te r i a l .  
Sometimes i t  is  necessary t o  c r a d l e  the  t i l e  by the  use of boards us ing  the  
r a i l  and c l e a t  method of forming the  c rad le .  

Laying d r a i n s  
The d r a i n s  may be placed by the  use of a hook o r  by hand. I f  t he  d r a i n s  a r e  
s l i g h t l y  warped, they should be turned s o  they f i t  t i g h t  a t  the  top.  Care 
should be taken t o  s e e  t h a t  t h e  d ra ins  a r e  placed i n  good alignment and t h a t  
t h e  proper gap recommended i n  t h e  p lan  i s  maintained. Kicking the  d r a i n  i n  
p lace  may r e s u l t  i n  to-o s m a l l  a gap. Placing t h e  d ra in  with the  hook w i l l  
u sua l ly  i n s u r e  more uniform gapping. I f  a curve i n  the  l i n e  is  too sharp to  
l ay  the  d r a i n  without  causing a wide gap, t he  d r a i n  may be chipped so  t h a t  i t  
w i l l  have the  intended gap. A monkey wrench o r  c u t t e r s  may be used f o r  t h i s  
purpose. Junct ions  of l i n e s  a r e  u sua l ly  formed by manufactured f i t t i n g s  and 
c u t t i n g  and concre t ing  the  junct ion  is  usua l ly  no t  necessary.  "Y" f i t t i n g s  
a r e  o r d i n a r i l y  recommended. Research has shown t h a t  a junct ion  a t  any 
reasonable angle  w i l l  no t  m a t e r i a l l y  r e t a r d  flow. 

Blinding d r a i n s  
A s  soon as the  d ra ins  a r e  placed and inspected ,  they should be secured i n  
p l ace  by p u t t i n g  f r i a b l e  s o i l  around them and then b l ind ing  them wi th  t o p s o i l  
t o  a depth of 12 inches t o  preserve  the  alignment. F i l t e r s  should be placed 
before  t h e  b l inding  is done, provided f i l t e r  m a t e r i a l  is to  be used. On s t e e p  
grades o r  where the  t o p s o i l  conta ins  very f i n e  sand, use heavier  s o i l  from the  
s i d e s  of t he  t rench  i n  b l inding .  

Backf i l l i ng  the  t rench 
Backf i l l i ng  the  t rench should be done a t  t he  end of each day's  work t o  e l imi-  
n a t e  t he  p o s s i b i l i t y  of damage from su r face  water  i f  heavy r a i n f a l l  should 
occur. The end of the  d ra in  should always be blocked a t  the end of each day's  
work t o  prevent  the  entrance of s i l t  and d e b r i s .  The b a c k f i l l i n g  of a hand 
i n s t a l l a t i o n  i s  f requent ly  done by mechanical means. 



Drain i n s t a l l a t i o n  by machine 

Most d r a i n  i n s t a l l a t i o n  is  done w i th  t r ench ing  machines which have a  s i g h t i n g  
b a r  t o  keep t h e  c u t t i n g  shoe on grade when excava t ing  t h e  t rench .  The loca-  
t i o n  and e l e v a t i o n  of t he  s i g h t i n g  b a r  v a r i e s  on d i f f e r e n t  machines. The 
s i g h t i n g  b a r  may be on e i t h e r  s i d e  of t h e  machine and from 2.5  t o  5.0 f e e t  t o  
one s i d e  of t he  c u t t i n g  shoe o r  buckets .  For  t h i s  reason i t  i s  necessary  t o  
know t h e  type  of machine t h a t  is t o  be used so  t h e  s t a k e s  can be  l oca t ed  
proper ly .  Agreement should be reached w i t h  t h e  excava t ing  c o n t r a c t o r  a s  t o  
t h e  way t h e  cons t ruc t i on  s t a k e s  w i l l  be  s e t  i n  order  t o  prevent  confusion.  

S tak ing  t h e  d r a i n  
S tak ing  t he  d r a i n  is  s t a r t e d  by 
p l a c i n g  t he  beginning o r  t h e  Of00 
s t a t i o n  near  t he  o u t l e t  end of t he  
l i n e .  This  may be a t  t he  end of 
t h e  o u t l e t  p ipe .  Hubs should be  
o f f s e t  t he  proper  amount and t o  t he  
c o r r e c t  s i d e  of t he  c e n t e r l i n e  of 
t h e  planned t rench .  They should be  
s e t  every  100 f e e t  o r  l e s s  and a t  
a11  changes i n  grade o r  d i r e c t i o n  
of t h e  l i n e .  A minimum of t h r e e  
s t a k e s  i s  r equ i r ed  t o  s i g h t  a  
grade.  I n  case  of a  s h o r t  tangent  
o r  change i n  grade ,  i t  may be 
necessary  t o  s e t  hubs on t he  ex- 
tended tangent  o r  extended grade i n  
o rde r  t o  provide  t h r e e  s i g h t i n g  
s t a k e s .  It is  good p r a c t i c e  t o  s e t  
hubs a t  c o n t r o l  l o c a t i o n s ,  such a s  
maximum c u t s ,  underground condui t s ,  
c e n t e r  of d i t c h e s ,  e t c .  Under nor- 
mal cond i t i ons  hubs a r e  s e t  on long 
curves b u t  t h e  machine opera tor  w i l l  
u s u a l l y  t ake  c a r e  of t h e  s h o r t  
curves  by s i g h t i n g  a c r o s s  t o  t he  
nex t  t angent .  

Setting targets for a trenching machine 

The hubs should be d r i v e n  on the  r equ i r ed  o f f s e t  from the  t r ench  w i th  
s u f f i c i e n t  accuracy s o  t h a t  when the  t a r g e t s  a r e  s e t  they w i l l  l i n e  up. The 
t a r g e t s  gene ra l l y  used a r e  a  metal  rod upon which i s  a t t a ched  an  a d j u s t a b l e  
c r o s s  b a r  pa in t ed  a  b r i g h t  red .  The machine ope ra to r  u s u a l l y  s e t s  t he  t a r g e t s .  
He p r e s s e s  t he  rod i n t o  t he  ground a t  t he  s t a k e  and then a d j u s t s  t he  c r o s s  b a r  
t o  a  f i x e d  d i s t a n c e  above t h e  grade of t h e  t rench .  

The e l e v a t i o n  of t h e  hubs should be taken t o  t he  n e a r e s t  0 .01 f o o t  and t he  c u t  
marked on each w i tne s s  s t a k e .  The c u t  a t  a  p o i n t  i s  t h e  d i f f e r e n c e  between 
t he  e l e v a t i o n  of t h e  hub and t he  planned grade e l e v a t i o n  a t  t h a t  p o i n t .  Cuts 
a r e  u s u a l l y  marked i n  f e e t  and t e n t h s  of f e e t  bu t  some ope ra to r s  p r e f e r  t o  
have t h e  cu t  given i n  f e e t  and inches .  Cut s h e e t s  should be  prepared i n  
d u p l i c a t e  and show s t a t i o n i n g ,  hub e l e v a t i o n ,  grade e l e v a t i o n  and t h e  d i f f e r -  
ence which is  t h e  c u t  t h a t  i s  marked on t h e  s t a k e .  The s h e e t  should show t h e  
grade and s i z e  of d r a i n .  Spec i a l  no t e s  may be pu t  on t he  s h e e t  t o  descr ibe  
any unusual  cond i t i on  such a s  s o i l s ,  depth of c u t s ,  underground condui t s  and 
any s p e c i a l  p r o t e c t i o n  requi red  f o r  t h e  d r a in .  



The c ros s  b a r s  of the  t a r g e t s  a r e  s e t  so t h a t  t he  c u t  shown on the  hub p lus  
the  d i s t ance  which the top of t he  cross  bar  is  s e t  above the  hub w i l l  equal  
the  d i s t ance  between the  machine-sighting ba r  and the  toe  of the  c u t t i n g  shoe. 
The top of t he  cross  ba r s  of t he  t a r g e t s  should a l l  l i n e  up f o r  a p a r t i c u l a r  
grade as they a r e  on the  same s lope  a s  the  proposed trench.  I f  t h e  c ros s  ba r s  
do not  l i n e  up when s i g h t i n g  over them, an e r r o r  has  been made i n  c a l c u l a t i n g  
the  c u t ,  s e t t i n g  the  t a r g e t  o r  perhaps i n  the  e l eva t ion  of t he  hub. It is  
good p r a c t i c e  t o  s e t  the  t a r g e t s  w e l l  ahead of t he  t renching machine s o  t h a t  
a v i s u a l  check of the  grades can be  made before  excavating.  In  excavating,  
t he  opera tor  keeps the s i g h t i n g  ba r  on h i s  machine i n  t he  same p lane  a s  t he  
t a r g e t s .  

Trenching machines 
Drain i n s t a l l a t i o n  may be done by 
s e v e r a l  types of t renching machines 
bu t  t he  two most common types 
employed by cont rac tors  a r e  t h e  
bucket-wheel type and the  bucket- 
ladder  type. The bucket-wheel type 
of t rencher  has  a l a r g e  wheel 
mounted on a frame a t  the  r e a r  of 
t he  machine. The wheel can be  
moved up and down by power t o  keep 
the  machine on grade. Attached t o  
the  wheel a r e  excavating buckets .  
J u s t  behind the  buckets is  a c u t t i n g  
shoe and a s h i e l d  t o  keep the  loose  
e a r t h  from f a l l i n g  i n t o  the  t rench.  
The c u t t i n g  shoe shapes the  bottom 
of t h e  t rench  f o r  the  d ra in .  The 
s h i e l d  is long enough t o  allow the  
d r a i n  t o  be  placed i n  a c l ean  
t rench  w i t h i n  the  s h i e l d .  The 
excavating buckets car ry  the  exca- 
vated m a t e r i a l  upward and depos i t  
i t  on a conveyor which depos i t s  i t  
on the  ground a t  one s i d e  of t he  
t rench.  

D i f f e ren t  s i z e s  of bucket-wheel- 
type t r enche r s  a r e  a v a i l a b l e  f o r  
var ious  depths and widths of t he  
requi red  excavation. They may be 
mounted on wheels o r  on semi- 
crawler  o r  fu l l -c rawler  frames. 
Buckets may be changed t o  f i t  t he  
type of s o i l  i n  which the  excava- 
t i o n  is  t o  be  made. Some machines 
a r e  equipped wi th  a t i l e  chute  which 
c a r r i e s  t he  t i l e  down i n t o  the  
t rench  s h i e l d  where the  t i l e  l a y e r  
s tanding  i n  the  s h i e l d  checks the  
lay ing  of t he  t i l e .  Some machines 
a r e  equipped wi th  var ious  types of 
c u t t e r s  t o  cu t  t he  t o p s o i l  i n t o  the  
t rench a f t e r  the  d ra in  has  been l a i d  
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A backhoe machine 

A bucket-wheel-type trencher 

t o  b l i n d  the  dra in .  Others a r e  equipped 
with conveyors which ca tch  t h e  excavated m a t e r i a l  and car ry  i t  back of the 



t r ench  s h i e l d  t o  complete t he  b a c k f i l l i n g .  Many persons p r e f e r  t h i s  auto- 
mat ic  b a c k f i l l i n g  a s  t he  i n s t a l l a t i o n  is  completed i n  one ope ra t i on .  The 
bucket-wheel-type machine i s  of a  somewhat r i g i d  cons t ruc t i on  and cannot 
fo l low a very  sharp  curve;  however, t h e  grade on moderate curves i s  main- 
t a ined  a c c u r a t e l y  i f  rocks  a r e  no t  encountered.  
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A bucket-ladder-type trencher 

The bucket-ladder-type t renching  machine ha s  a  ladder- type boom around which 
t h e  excava t ing  bucke ts  move on an end l e s s  cha in .  The excavated m a t e r i a l  i s  
loaded on a  conveyor which depos i t s  i t  a longs ide  of t he  t r ench .  Trench 
s h i e l d s  a r e  used behind t he  buckets  t o  keep t h e  s p o i l  and crumbs i n  t he  t r ench  
so  t h e  m a t e r i a l  can be removed by t he  buckets .  The depth of t he  t rench  is  
maintained by t he  r a i s i n g  and lowering of t h e  ladder .  This  machine i s  a  f a s t  
excava tor  and can fo l low a r a t h e r  sharp  curve b u t  i t  i s  d i f f i c u l t  t o  keep on 
grade  on curves and t h e  grade r e q u i r e s  cons t an t  checking. Various widths of 
t r ench  can be c u t  w i th  t h i s  type machine as t h e  buckets  can be changed a s  
d e s i r e d .  It is capable of excava t ing  deeper  t renches  than t he  bucket-wheel- 
type  machine g e n e r a l l y  used i n  farm dra inage .  

The backhoe machine i s  used where d r a i n s  a r e  t o  be l a i d  i n  t renches  deeper o r  
wider  than  can economically be excavated by o t h e r  t r enche r s .  The trench-hoe 
bucket  is i n  t he  form of an i nve r t ed  d ippe r  which i s  drawn toward t he  ope ra to r  
l i k e  a hoe. Usua l ly  t h e  smal le r  s i z e s  a r e  used f o r  d r a i n  t renching .  



Laying t h e  t i l e  
T i l e  l a y i n g  should  always s t a r t  a t  
t h e  o u t l e t  and proceed upgrade t o  
permi t  d r a i n a g e  of any w a t e r  t h a t  
accumulates  i n  t h e  t r e n c h .  On many 
jobs  where t i l e  and a  t r e n c h e r  a r e  
used t h e  t i l e  a r e  l a i d  w i t h i n  t h e  
s h i e l d  by hand. A h e l p e r  p a s s e s  
t h e  t i l e  t o  t h e  t i l e r  who l a y s  t h e  
t i l e  w i t h  t h e  p roper  gap between 
t h e  t i l e .  Some machines a r e  equip-  
ped w i t h  a c h u t e  on which t h e  t i l e  
is p l a c e d  t o  b e  lowered t o  t h e  
t i l e r .  Sometimes t i l e  of 8-inch 
d iamete r  o r  l e s s  a r e  l a i d  by t h e  
t i l e r  from t h e  ground l e v e l  u s i n g  a  
t i l e  hook. The t i l e  i s  lowered by 
t h e  hook i n t o  p l a c e  and tapped t o  
o l i t a in  t h e  p r o p e r  spac ing .  Some 
tilers who s t a n d  i n  t h e  t r e n c h  
p r e f e r  t o  snug t h e  t i l e  up w i t h  a  
t a p  of t h e  boo t  h e e l .  Care  must be  
t aken  when t h i s  is  done t o  m a i n t a i n  
t h e  recommended spac ing .  The t i l e r  
shou ld  r e j e c t  a l l  t i l e  t h a t  a r e  
cracked o r  s o  i l l - s h a p e d  t h a t  a  
smooth l i n e  cannot  be l a i d .  

Some of  t h e  l a r g e r  machines have a 
h y d r a u l i c  ram i n  t h e  s h o r i n g  cage 
which p r e s s e s  t h e  t i l e  t o g e t h e r  
and h o l d s  them i n  p l a c e .  When 
t h i s  t y p e  of equipment i s  used ,  
t i l e  s p a c e r s  should  b e  employed t o  
i n s u r e  t h e  p r o p e r  gap space .  These 
machines a r e  u s u a l l y  used where 
deep d r a i n s  7 f e e t  t o  10 f e e t  i n  
dep th  a r e  i n s t a l l e d .  

I n s t a l l a t i o n  of c o r r u g a t e d - p l a s t i c -  
d r a i n a g e  t u b i n g  
Cor ruga ted-p las t i c -dra inage  tub ing  
must b e  i n s t a l l e d  i n  a  way t o  
i n s u r e  f i r m  s o i l  s u p p o r t  f o r  i t s  
e n t i r e  c i rcumference .  Th is  may be 
accomplished by shap ing  a  semi- 
c i r c u l a r  groove i n  t h e  t r e n c h  bot tom t o  
of t h e  t u b i n g ,  and us ing  l o o s e ,  f r i a b l e  
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Hydraulic ram in shoring cage 

The s h o r i n g  cage p r o v i d e s  p r o t e c t i o n  
f o r  t h e  man t o  l a y  p i p e  i n  t h e  t r e n c h  
a s  t h e  machine d i g s .  

E l e c t r i c  j i b  c r a n e  handles  p i p e  
from t h e  ground t o  lower  i t  i n t o  t h e  
s h o r i n g  cage.  

The p i p e  l a y e r  p l a c e s  t h e  p i p e  i n t o  
p o s i t i o n  a s  i t  is  lowered. 

P i p e  is p o s i t i o n e d  i n  l i n e  on r a i l s  
a t  t h e  g rade  l i n e ,  6 i n c h e s  above 
t h e  t r e n c h  bottom and t h e  h y d r a u l i c  
ram couples  t h e  p i p e  t o  t h e  p reced ing  
p i p e  and h o l d s  t h e  p i p e  l i n e  under  
p r e s s u r e  a s  t h e  machine d i g s .  

Wide hopper  opening f a c i l i t a t e s  
easy  l o a d i n g  of t h e  hopper.  

M a t e r i a l  f a l l s  around t h e  p i p e  
p r o v i d i n g  a  6-inch base  and i n s u r i n g  
p e r f e c t  a l inement .  

t h e  s i z e  r e q u i r e d  t o  f i t  one-half 
s o i l  o r  sand-gravel  m a t e r i a l  t o  

comple te ly  f i l l  around t h e  s i d e s  and over  t h e  top  of t h e  tub ing  a f t e r  i t  is  
p l a c e d  i n  t h e  groove. A s a t i s f a c t o r y  i n s t a l l a t i o n  a l s o  can b e  made by bedding 
t h e  t u b i n g  i n  a  sand-gravel  m a t e r i a l ,  from which s o i l  m a t e r i a l s  s m a l l e r  than  
t h e  No. 60 mesh s i e v e  and l a r g e r  than  t h e  314-inch s i e v e  should b e  removed. 
The bedding should  be a t  l e a s t  3 i n c h e s  t h i c k  around t h e  t u b i n g ,  and no rocks  
o r  h a r d  c l o d s  should b e  p e r m i t t e d  i n  i t .  

The bedding and b a c k f i l l  shou ld  b e  p laced  i n  such a  way t h a t  d i sp lacement  of 
t h e  d r a i n  w i l l  n o t  occur .  The bedding o r  b l i n d i n g  m a t e r i a l  should be p laced  



ove r  t h e  tubing b e f o r e  o r  soon a f t e r  i t  l eaves  t he  s h i e l d .  This  is  e s p e c i a l l y  
impor tan t  i f  t h e r e  is water  i n  t he  t rench .  

To t a k e  advantage of t h e  c h a r a c t e r i s t i c s  of p l a s t i c -d ra inage  tub ing ,  equipment 
s p e c i f i c a l l y  adapted t o  i n s t a l l  i t  is  needed. The equipment should cu t  a  
t r ench  only  a s  wide a s  necessary  f o r  t he  tub ing  and t h e  envelope o r  f i l t e r  
m a t e r i a l  requi red .  This  cons iderab ly  reduces t h e  horsepower r equ i r ed  f o r  
d igg ing  t he  t r ench  and t h e  m a t e r i a l  r equ i r ed  f o r  bedding o r  f i l t e r .  A l i s t  
of u s e f u l  f e a t u r e s  f o r  equipment fo l lows:  

Cut t ing  wheel o r  l adde r  wi th  in te rchangeable  b l ades  f o r  c u t t i n g  
10-inch and 12-inch trenches--with o r  wi thout  groove f o r  4-, 5-, and 
6-inch tub ing .  

Hopper f o r  sand-gravel f o r  enve lope-bedding- f i l t e r  m a t e r i a l ,  w i th  
s c r een  on top t o  remove o v e r s i z e  m a t e r i a l  and w i th  chutes  t o  d e l i v e r  
m a t e r i a l  ahead of and under t h e  tub ing  and t o  cover t he  i n s t a l l e d  
tubing.  (Some m a t e r i a l s  may r e q u i r e  pre-removal of f i n e s . )  

Rack f o r  a  r o l l  of t he  tubing l oca t ed  convenien t ly  t o  d e l i v e r  t he  
tub ing  t o  t r ench  w i th  a s  l i t t l e  s t r e t c h  a s  p o s s i b l e .  Guides f o r  
tubing should be  n o n r e s t r i c t i v e .  

P o s i t i o n i n g  guides t o  hold tub ing  cen te red  i n  t rench  whi le  envelope- 
bedding m a t e r i a l  is p laced .  

Conveyor f o r  automatic  b a c k f i l l .  

Holder f o r  r o l l  of p l a s t i c  sheeting--width depends on method of 
i n s t a l l a t i o n  and s i z e  of tub ing .  

P l a s t i c  shee t i ng  over  t h e  d r a i n  s e rves  t o  f o r c e  water  t o  e n t e r  t he  d r a i n  from 
below. I n s t a l l i n g  t h e  d r a i n  i n  a  bed of sand-gravel m a t e r i a l  and covering t h e  
i n s t a l l a t i o n  w i th  a s h e e t  of p l a s t i c  p r i o r  t o  b a c k f i l l i n g  is an e x c e l l e n t  way 
t o  reduce  t he  v e l o c i t y  of flow i n t o  t h e  d r a i n  and t h e  amount of sediment 
c a r r i e d  i n t o  i t  (15, 1 6 ) .  

Drain j unc t i ons  and curves  
Fac tory  made f i t t i n g s  a r e  supe r io r  t o  f i e l d  f a b r i c a t e d  junc t ions  and they 
should-be  used where ob t a inab l e .  When n o t  a v a i l a b l e  f i t t i n g s  must be  made by 
c u t t i n g  t he  d r a i n .  To make a  f i t t i n g  w i th  t i l e ,  a sound t i l e  should be f i l l e d  
w i th  dry sand t o  p r even t  v i b r a t i o n  and f a c i l i t a t e  t he  c u t t i n g .  The t i l e  ends 
should be covered w i t h  two boards and wh i l e  ho ld ing  t h e  sand i n  p l a c e ,  a  pro- 
longed s e r i e s  of l i g h t  t ap s  i n  t he  same s p o t  should be made w i th  a hammer, A 
sma l l  h o l e  w i l l  soon be  made wi thout  c rack ing  t he  t i l e ,  provided ca r e  i s  used 
and t he  job n o t  h u r r i e d .  The h o l e  s i z e  can then be  i nc r ea sed  by use  of a  
monkey wrench. Concrete is  usua l l y  p laced  over  t h e  j unc t i on  t o  be  Sure t h a t  
t h e  connect ion is h e l d  i n  p l ace .  

P l ac ing  f i l t e r s  and envelopes 

F i l t e r s  and envelopes a r e  of two gene ra l  types  of m a t e r i a l .  The most commonly 
used types a r e  g r anu l a r  m a t e r i a l s ,  i . e . ,  g r ave l  o r  o rgan i c  p a r t i c l e s .  The 
second,  and l e s s  common type  used f o r  f i l t e r s ,  is  i n  t he  form of f a b r i c s  o r  
mats which may cover  p a r t  o r  a l l  of t h e  d r a in .  F i l t e r s  and envelopes may be  
p laced  by hand o r  by machine. On l a r g e  p r o j e c t s ,  modern machines t h a t  exca- 
v a t e  t h e  t r ench ,  p l a c e  t h e  f i l t e r  o r  envelope,  p l a c e  t h e  d r a i n ,  and b a c k f i l l  



t he  t r ench  a r e  i n  common use.  On sma l l  i s o l a t e d  p r o j e c t s  placement of t he  
d r a i n  and f i l t e r  o r  envelope m a t e r i a l  i s  u s u a l l y  a hand opera t ion .  

Trencher placement of g r anu l a r  f i l t e r s  and envelopes 
Most of t h e  l a r g e r  dra inage  t r e n c h e r s  have a hopper a t tached  t o  t h e  r e a r  of 
t h e  sho r ing  ca se  o r  s h i e l d  t o  c a r r y  g r anu l a r  m a t e r i a l s  and feed i t  through 
feed  tubes  t o  t he  space around t h e  d r a i n .  The hopper is kept  supp l i ed  wi th  
m a t e r i a l  from s t o r a g e  p i l e s  o r  from a t r uck  which d r i v e s  along t h e  t rench .  
A s  t h e  t r enche r  moves forward,  t he  g r anu l a r  m a t e r i a l  f lows through the  feed  
tubes  by g r a v i t y .  One tube  f eeds  m a t e r i a l  t o  t he  bottom of t he  t rench  and 
a f t e r  t h e  d r a i n  is placed t h e  o t h e r  tubes feed  m a t e r i a l  t o  cover i t .  Adjust- 
ments on t h e  sho r ing  case  and feed  tubes make i t  p o s s i b l e  t o  r e g u l a t e  t he  
depth of m a t e r i a l  below and above t h e  d r a in .  The th ickness  of t h e  m a t e r i a l  
on t h e  s i d e s  of t he  d r a i n  is  governed by t he  t r ench  width.  Genera l ly  t he se  
t r enche r s  o p e r a t e  we l l  a s  long a s  t h e  hopper i s  w e l l  suppl ied  w i th  m a t e r i a l  
and t h e r e  i s  f r e e  flow through t h e  hopper and feed  tubes .  The ope ra to r  must 
e x e r c i s e  c a r e  t o  i n s u r e  t h a t  f o r e i g n  o b j e c t s  t h a t  would plug t he  hopper a r e  
excluded. Wet, f i n e  gra ined ,  o r  cohesive m a t e r i a l s  w i l l  n o t  flow f r e e l y  
through t h e  feed  tubes.  Hoppers should be equipped wi th  a g r a t i n g  t o  exclude 
o v e r s i z e  m a t e r i a l s  and f o r e i g n  o b j e c t s .  To i n s u r e  t h a t  t he  proper  envelope o r  
f i l t e r  t h i cknes s  is being obta ined ,  p e r i o d i c  i n s p e c t i o n s  should be  made imme- 
d i a t e l y  behind t he  shor ing  cage p r i o r  t o  b a c k f i l l  ope ra t i ons .  Where automatic  
b a c k f i l l  a t tachments  a r e  used ,  i t  i s  necessary  t o  s t op  t he  t rencher  f o r  a 
s h o r t  t ime dur ing  t he  i n s p e c t i o n  of f i l t e r  and envelope i n s t a l l a t i o n .  

Trencher placement of f a b r i c  f i l t e r s  
Where f a b r i c  o r  mat-type f i l t e r s  o r  p l a s t i c  s t r i p s  a r e  used,  i t  i s  necessary  
t o  have a r e e l  attachment on t h e  r e a r  of t he  t r enche r .  These can be mounted 
on any type  t r enche r  and a r e  u s u a l l y  f a s t ened  t o  t he  r e a r  of t he  grad ing  shoe. 
Fab r i c  o r  mat-type f i l t e r s  and p l a s t i c  s t r i p s  a r e  packaged i n  cont inuous r o l l s  
t h a t  can be mounted i n  t h e  r e e l .  When i n s t a l l a t i o n  s t a r t s ,  t he  f r e e  end of 
t he  r o l l  of m a t e r i a l  is  f a s t ened  t o  t h e  top of t h e  d r a in .  The f i l t e r  o r  
p l a s t i c  s t r i p  r o l l s  o f f  t he  r e e l  a s  t h e  t r enche r  moves forward. B a c k f i l l  
m a t e r i a l  tends t o  shape t h e  m a t e r i a l  over  t he  top and around the  s i d e s  of t he  
d r a i n .  When i n  p l ace ,  t h e  f i l t e r  m a t e r i a l  should cover about 70 pe rcen t  
of t h e  o u t s i d e  circumference of t h e  d r a in .  P l a s t i c  s t r i p s  a r e  u s u a l l y  used 
over  t h e  top  of t he  d r a i n  w i th  a sand-gravel f i l t e r  underneath t h e  d r a in .  
P l a s t i c  should cover t he  p a r t  of t he  d r a i n  above t h e  f i l t e r .  

Extreme c a r e  must be  exerc i sed  i n  p l ac ing  f a b r i c  f i l t e r s  t o  i n s u r e  t h a t  t he  
m a t e r i a l  i s  cen te red  over  t h e  d r a i n .  D i f f i c u l t y  i s  o f t e n  experienced under 
cond i t i ons  of gus ty  winds t h a t  whip t he  f a b r i c  s t r i p  a s  i t  leaves  t h e  r e e l .  
Care must a l s o  be exerc i sed  i n  t he  b a c k f i l l  ope ra t i on  t o  avoid rup tu r ing  t he  
f a b r i c .  

I n  some a r e a s ,  t renchers  have been equipped w i th  two r e e l s ;  one t o  feed  
f a b r i c  o r  mat-type f i l t e r  i n  t h e  t r ench  bottom ahead of t he  d r a i n  and one 
t o  p l ace  i t  on top a s  p r ev ious ly  d i scussed .  This  f a c i l i t a t e s  complete 
coverage of t h e  d r a i n  wi th  f i l t e r  m a t e r i a l  and i s  considered good p r a c t i c e .  



Installing fiber mat base and filter 

Hand placement of g ranu la r  f i l t e r s  
When t renches  a r e  excavated wi th  smal l  t renching machines without  hopper 
at tachments,  by hand, o r  by o the r  equipment such a s  backhoes, o r  d rag l ines ,  
i t  i s  necessary t o  p lace  the  f i l t e r  m a t e r i a l  manually. Many techniques have 
been developed f o r  p l ac ing  f i l t e r  m a t e r i a l  i n  the  t rench  and around the  d r a i n .  
One of t he  b e s t  methods i s  to  use a s tandard  ready-mix t ruck .  The hopper i s  
loaded wi th  the m a t e r i a l  t o  be used and then dr iven  along the  t rench  with t h e  
chute  discharging i n t o  t h e  t rench.  With proper r egu la t ion  i t  is poss ib l e  t o  
depos i t  t he  proper amount of f i l t e r  m a t e r i a l  uniformly i n  the  t rench .  Very 
l i t t l e  hand spreading is  needed subsequent t o  t h i s  opera t ion .  

Blinding the  d r a i n  
Carefu l  p lac ing  an i n i t i a l  b a c k f i l l  of 6 t o  12  inches of  s o i l  around and over - 
t he  d r a i n  is  r e f e r r e d  to  a s  b l inding .  This  is done t o  i n s u r e  t h a t  the  d r a i n  
w i l l  remain i n  l i n e  when the  remaining excavated ma te r i a l  is placed i n  the  
t rench .  Except i n  those  a reas  where chemical depos i t s  i n  and around the  
d r a i n  a r e  a problem, the s o i l  should be  t o p s o i l  o r  o t h e r  porous s o i l  except  
t h a t  f i n e  sands and si l ts  should no t  be  used. Blinding the d r a i n  may be done 



by shaving off  the  t o p s o i l  a t  the  
top of t h e  t rench  with a spade 
tak ing  c a r e  t h a t  t he  alignment of 
the  d r a i n  is  not  changed. A number 
of methods have been devised f o r  
b l inding .  One method is the  use  
of a double plow arrangement which 
s t r a d d l e s  t he  t rench and c u t s  both 
s i d e s  of t h e  t rench.  This  is  pu l l ed  
by a t r a c t o r .  The plows may be an 
a d d i t i o n a l  attachment t o  the  trench- 
i ng  machine, o r  they may be mounted 
on a s e p a r a t e  u n i t  pul led  by a t r ac -  
t o r .  Severa l  d i f f e r e n t  at tachments 
have been made f o r  t renchers  f o r  
b lading  t o p s o i l  i n t o  the  t rench  a s  
t he  d r a i n  is being l a i d .  The use  
of t he  attachment does no t  permit 
examination of t he  d ra in  a f t e r  t h e  
d ra in  is  l a i d  and i t  is necessary 
to  s top  t h e  t rencher p e r i o d i c a l l y  
f o r  inspec t ion .  When a granular  
f i l t e r  i s  being i n s t a l l e d ,  t h e  use 
of a b a c k f i l l e r  i s  considered as 
adequate b l inding .  Blinding i s  not  
necessary where d ra ins  a r e  placed 
i n  sand and g rave l  f i l t e r s  o r  
envelopes. 

Blinding drain with a spade 

Blinding drain with machinery 



Backf i l l i ng  the  t rench  
Various methods a r e  used 
t o  move t h e  remaining 
excavated ma te r i a l  back 
i n t o g  t h e  t rench  and mound 
i t  up over the  t rench  t o  
al low f o r  s e t t l emen t .  
This  may be done by hand 
wi th  shovels ,  o r  by grader ,  
bu l ldoze r ,  t rench  hoe, 
d rag l ine ,  auger,  o r  any 
method which is  convenient.  
Some t r enche r s  a r e  equipped 
wi th  mechanical backf i l lers  
and the  excavated e a r t h  is 
moved back on a conveyor 
and r o l l s  of f  i n t o  the  
t rench  behind the  t rench  
s h i e l d .  The s o i l  becomes 
mixed on the  conveyor so 
t h a t  a mixture of t o p s o i l  
and s u b s o i l  i s  placed over 
t he  d ra in .  Blinding t h e  
d r a i n  is  accomplished by 
t h i s  method a s  t he  b a c k f i l l  
r o l l s  i n t o  the t rench  i n  
such a manner t h a t  t h e  
alignment i s  no t  d i s tu rbed .  

Backfilling with machinery 

Problems involved i n  d r a i n  i n s t a l l a t i o n  

Most problems i n  d r a i n  i n s t a l l a t i o n  a r e  r a t h e r  minor where good s o i l  con- 
d i t i o n s  e x i s t  and ground water  i s  not  present .  A good planning and s t ak ing  
job can e l imina te  many problems. Good planning w i l l  recognize many of the  
d i f f i c u l t i e s  which may be encountered during cons t ruc t ion  and the  con t r ac to r  
can be prepared t o  meet them. 

Quicksands and s i l ts  
Whenever t he  p lans  i n d i c a t e  t h a t  t he re  is  a considerable amount of f i n e  sand, 
e s p e c i a l l y  wet sand,  t he  i n s t a l l a t i o n  should be delayed u n t i l  t he  water  t a b l e  
is  a t  i t s  lowest e l eva t ion .  Dry sand p re sen t s  a  problem but  f l u i d  sand which 
runs i n t o  the  t rench  and covers t he  d r a i n  before  f i l t e r s  can be i n s t a l l e d  
p re sen t s  a most d i f f i c u l t  s i t u a t i o n .  I n  many l i n e s  sand pockets  may be found 
t h a t  make cons t ruc t ion  d i f f i c u l t  bu t  if t h e  problem i s  l imi t ed  i n  ex tent  the  
problem can be solved by using some s p e c i a l  procedures. 

It may be poss ib l e  t o  p lan  t h e  d r a i n  through the  sand a t  a shal lower depth s o  
the  problem of i n s t a l l a t i o n  w i l l  be decreased.  Caving of the  t rench  s idewal ls  
i s  always a problem. I n  some cases the  d ra in  s h i e l d  may be made longer t o  
p r o t e c t  a  g r e a t e r  l eng th  of the  t rench .  The d r a i n  should be l a i d  a s  soon a s  
p o s s i b l e  a f t e r  the  shoe has  passed. The p ro t ec t ion  of t he  s h i e l d  may give 
enough t i m e  t o  wrap t h e  j o i n t  provided t h e  t rencher advances slowly. The 
d r a i n  should be b l inded a s  soon as p o s s i b l e  and the  t rench f i l l e d .  



When the  sands a r e  s a t u r a t e d ,  t h e  machine should be  kep t  moving. Stopping 
t h e  machine i n  s a t u r a t e d  sand w i l l  permi t  t h e  sand and water  t o  b u i l d  up over 
t h e  d r a i n  i n  t h e  shoe and make i t  imposs ib le  t o  keep sand o u t  of t h e  d r a i n  
a l r eady  i n s t a l l e d .  I f  t he  t r e n c h e r  is  stopped,  t h e  shoe w i l l  s e t t l e  i n  t he  
wet sands and cause a  low spo t  i n  t h e  grade.  A poor foundat ion r e s u l t s  when 
t h e  t r e n c h e r  i s  aga in  s t a r t e d .  Bl ind ing  t h e  d r a i n  should be done w i th  g r e a t  
c a r e  t o  prevent  i t  from be ing  knocked o u t  of alignment and grade. I f  t h e  
t r ench  w a l l s  cave so  t h a t  t he  caving m a t e r i a l  f a l l s  v e r t i c a l l y  on top of t h e  
d r a i n  ve ry  l i t t l e  damage may be done; b u t  i f  they s e t t l e  v e r t i c a l l y  o r  s l i p  
down, t he  d r a i n  w i l l  be pushed o u t  of l i n e .  The damage should be r e p a i r e d  
immediately. The conveyor should be s e t  t o  throw the  excavat ion a s  f a r  o u t  
from t h e  t r ench  a s  p o s s i b l e  t o  r e l i e v e  t he  weight  on t he  t r ench  s i d e  w a l l s  
and t o  p r even t  t he  wet sands from running back t o  t he  c u t t i n g  wheel. 

I f  l a t e r a l s  a r e  t o  be i n s t a l l e d  i n  t h i s  p o r t i o n  of t h e  main d r a in ,  s u f f i c i e n t  
t ime should e l apse  t o  permit  t h e  ground water  t o  d r a i n  o u t .  

It is  important  t h a t  t h e  d r a i n  l ay ing  and b a c k f i l l i n g  should be done quick ly  
fo l lowing  excava t ion  of t he  t r ench .  It i s  good p r a c t i c e  t o  have no more than 
1 2  f e e t  of t rench  open a t  a  t ime because of t h e  p o s s i b i l i t y  of t h e  banks 
s l i d i n g  i n  and causing t he  t r ench  bottom t o  be forced  up. I f  t h e  job i s  
i n t e r r u p t e d ,  t h e  work should be  completed a s  f a r  a s  t he  t rench  is  opened. 

I f  i t  becomes apparent  t h a t  t h e  foundat ion  cannot be s t a b i l i z e d  by p l a c i n g  
good mine ra l  s o i l  o r  g r a v e l  i n  t he  bottom of t h e  t r ench ,  then l a d d e r s  may be 
i n s t a l l e d  u s ing  t h e  board and c l e a t  method t o  i n s t a l l  a  c r ad l e  f o r  t he  d r a i n .  
I n  l i e u  of t h i s ,  a  cont inuous p l a s t i c ,  bi tuminized f i b e r  o r  meta l  p i p e  may be 
i n s t a l l e d .  The cont inuous condui t  w i l l  u s u a l l y  s o l v e  t h e  grade s t a b i l i t y  
problem, b u t  t he  problem of l ay ing  i t  t o  grade may be d i f f i c u l t .  

Crushed rock has  been used i n  many i n s t a l l a t i o n s  t o  s t a b i l i z e  t h e  grade.  
Af t e r  crushed rock has been p laced  i n  t h e  bottom of t h e  t r ench ,  t h e  grade must 
then  b e  e s t a b l i s h e d .  

I n spec t i on  of  d r a i n  i n s t a l l a t i o n  

General 
I n spec t i on  should be c a r r i e d  on p e r i o d i c a l l y  throughout t he  cons t ruc t i on  
s t a g e  t o  i n s u r e  conformance w i th  p l a n s  and s p e c i f i c a t i o n s .  The fo l lowing  
i tems should be checked: 

Qua l i t y  of t i l e ,  tub ing ,  p i p e ,  and o t h e r  m a t e r i a l s .  

Alignment, dep th ,  and grade of d r a in .  

Trench width a t  top of d r a in .  

J o i n t  spacing of t i l e .  

Connections. 

Bedding. 

F i l t e r  o r  envelope m a t e r i a l s  and i n s t a l l a t i o n .  

Blinding methods. 



9. Backf i l l i ng  methods. 

10. Ou t l e t s .  

11. Auxi l ia ry  s t r u c t u r e s .  

Checking grade 
Reasonable allowance should be  made f o r  e r r o r s  r e s u l t i n g  i n  sma l l  v a r i a t i o n s  
from planned grade and f o r  s l i g h t  unevenness i n  t h e  diameter  of i nd iv idua l  
d r a i n s ;  however, a  r e v e r s e  grade should never  be  permit ted i n  d r a i n  l i n e s .  

Mole cons t ruc t ion  

Equipment 
Seve ra l  b a s i c  types of mole plows a r e  used. One is  t h e  wheel type where t h e  
c o u l t e r  i s  a t t ached  t o  a  suspended a x l e  on wheels. A second is the  beam type  
where t h e  c o u l t e r  i s  a t tached  t o  a  h o r i z o n t a l  beam t h a t  r i d e s  d i r e c t l y  on t h e  
ground. Both types a r e  mounted on a  u n i t  s e p a r a t e  from t h e  power u n i t .  The 
beam-type plows a r e  gene ra l ly  most s a t i s f a c t o r y  i n  t h a t  g r e a t e r  uniformity i s  
obta ined  i n  both alignment and smoothness of t h e  mole w a l l .  A t h i r d  and more 
r e c e n t  type  is t h e  plow t h a t  i s  d i r e c t l y  mounted on the  power u n i t  and depth 
adjustment  c o n t r o l l e d  hydrau l i ca l l y .  

Mole s i z e  
Four-inch plugs a r e  commonly used t o  form t h e  mole. This s i z e  provides a  
channel of ample capac i ty  f o r  t h e  grade,  l eng ths ,  and a r e a s  recommended. 
S i ze s  g r e a t e r  than 4 inches  a r e  no t  d e s i r a b l e  s i n c e  they i n c r e a s e  t he  
requi red  d r a f t  of t h e  plow and tend t o  develop roughness and l e s s  uniform 
channel wal l s .  Also channels of g r e a t e r  s i z e  do no t  f l u s h  themselves a s  
r e a d i l y  a s  do sma l l e r  channels.  Six-inch moles, however, have been s a t i s f a c -  
t o r y  i n  organic  s o i l s  where increased  s i z e  i s  d e s i r e d  t o  compensate f o r  reduced 
c r o s s  s e c t i o n s  caused by t h e  expansion of t h e  w a l l  m a t e r i a l  i n t o  t he  cav i ty .  

Depth 
Moles must be drawn s u f f i c i e n t l y  deep f o r  p r o t e c t i o n  a g a i n s t  t he  e f f e c t s  
of drought ,  f r o s t ,  and loads  from heavy farm equipment. Grea ter  depths 
provide  g r e a t e r  p r o t e c t i o n  from inwash of silts through t h e  c o u l t e r  s l i t  and 
a t  t h e  same time provide  somewhat b e t t e r  dra inage  by extending the  a r e a  of 
f i s s u r e s  and cracks  developed by deeper  plowing when t h e  mole i s  formed. 
Grea t e r  depths  r e q u i r e  g r e a t e r  power and thus  i nc rease  i n s t a l l a t i o n  c o s t s .  
B e s t  r e s u l t s  u sua l ly  a r e  obtained a t  depths of 20 t o  24 inches ,  t he  former 
being s a t i s f a c t o r y  when the  moled a r e a  is  i n  a long r o t a t i o n  of g ra s s  and 
hay. Occasional ly some adjustments  i n  depth a r e  necessary i n  o rde r  t o  draw 
t h e  mole through t h e  most s u i t a b l e  s t r a t a  i n  t h e  s o i l  p r o f i l e .  

Spacing 
Since t h e  f r a c t u r e s  of t h e  s o i l  p r o f i l e  developed by t h e  mole plow extend 
only a  few f e e t  on e i t h e r  s i d e  of t he  l i n e ,  uniform dra inage  r equ i r e s  t he  
moles t o  be  drawn a s  n e a r l y  p a r a l l e l  a s  p o s s i b l e  and a t  c l o s e  spacing.  
I n t e r v a l s  of 9 t o  12 f e e t  g ive  good r e s u l t s  and a 10-foot i n t e r v a l  is com- 
monly used. Somewhat wider spacing of 12  t o  1 5  fee t  g ives  equal ly  good 
r e s u l t s  when l i n e s ' a r e  drawn ac ros s  s lop ing  land.  

Cons t ruc t ion  
Moles should be  drawn when moisture condi t ions  a r e  favorable .  This  occurs  
when t h e  su r f ace  i s  s u f f i c i e n t l y  dry t o  provide  t r a c t i o n  f o r  t h e  mole plow 



and t h e  s u b s o i l  is s u f f i c i e n t l y  mois t  t o  provide  p l a s t i c i t y  f o r  molding a  
smooth channel  wa l l .  Usual ly l a t e  s p r i n g  and sometimes l a t e  autumn a r e  t he  
times of t h e  yea r  b e s t  s u i t e d .  A d ry  s u r f a c e  i s  a l s o  e s s e n t i a l  because any 
s t and ing  wa te r  which can e n t e r  d i r e c t l y  through the  c o u l t e r  s l i t  s o f t e n s  and 
co l l apse s  t h e  t h i n  e a r t h  p lug  which re-forms and s e a l s  o f f  t he  roof of t h e  
mole c a v i t y .  Collapse of t he  c a v i t y  roof causes depos i t i on  of s i l t  i n t o  t he  
channel ,  which u s u a l l y  p lugs  t h e  d r a i n .  A dry  s u b s o i l  causes t h e  plow t o  
s h a t t e r  and t e a r  t he  c a v i t y  l i n i n g  l eav ing  a  channel which drops exces s ive  
si l t  wi th  r e s u l t a n t  plugging. 

Cons t ruc t ion  procedure. - Best  r e s u l t s  a r e  ob ta ined  when the  mole plow i s  
drawn upgrade. F i s su re s  i n  t h e  s o i l  then  open up i n  t he  d i r e c t i o n  of n a t u r a l  
d ra inage  and f a c i l i t a t e  r a t h e r  than  block t h e  g r a v i t a t i o n a l  movement of t h e  
water .  However, t he  economy of two-way haulage  on some s i t e s  may o f f s e t  any 
advantage gained by drawing l i n e s  upslope only .  Moles should n o t  be drawn 
too  r a p i d l y .  Venting behind t h e  plow may be d e s i r a b l e  t o  reduce s u c t i o n  and 
p o s s i b l e  c o l l a p s e  of t h e  mole w a l l .  

Coul te r  s l i ts  should be c losed  a t  t h e  ground s u r f a c e  a s  soon a f t e r  moling a s  
p o s s i b l e .  This  can be done by harrowing and d i sk ing .  Water w i l l  then  seep 
i n t o  t h e  mole r a t h e r  than wash i n .  R a i n f a l l ,  washing i n t o  unpro tec ted  s l i t s ,  
has  been observed t o  ca r ry  i n  s u f f i c i e n t  s i l t  t o  f i l l  a  mole l i n e  w i th in  
s e v e r a l  hours .  Adequate a p p l i c a t i o n  of l ime and f e r t i l i z e r  should be  inc luded  
i n  t h e  i n i t i a l  p r epa ra t i on  of t h e  land  f o r  c rops .  Adequate lime appears  t o  
prolong t h e  l i f e  of mole d r a i n s .  

Cons t ruc t ion  of open d i t c h e s  f o r  subsur face  dra inage  

Cons t ruc t ion  of open d i t c h e s  f o r  subsur face  dra inage  i s  s i m i l a r  t o  construc-  
t i o n  of open d i t c h e s  f o r  s u r f a c e  dra inage .  I n  most cases  both s u r f a c e  and 
subsu r f ace  d r a inage  water  a r e  c a r r i e d  i n  t he  same d i t c h .  Design, cons t ruc t i on ,  
and maintenance of open d i t c h e s  a r e  covered i n  Chapter 5 of t h i s  handbook. 

Maintenance of Buried Dra ins  

General  

A subsu r f ace  drainage system of  adequate  de s ign  and proper  i n s t a l l a t i o n ,  
us ing  good m a t e r i a l ,  r equ i r e s  l i t t l e  maintenance t o  keep i t  ope ra t i ng .  
I n spec t i on  of t h e  d r a i n s ,  e s p e c i a l l y  a f t e r  heavy r a i n s ,  should be  made t o  s e e  
i f  they a r e  working and i f  maintenance i s  r equ i r ed .  

O u t l e t s  

The o u t l e t  end of t he  system must be  kept  c l ean  i f  t he  maximum b e n e f i t s  from 
the  d r a i n  a r e  t o  be ob ta ined .  Sediment and d e b r i s  sometimes ga the r  over  t he  
o u t l e t  and may e n t i r e l y  p lug  t he  o u t l e t .  A good subsur face  dra inage  system 
may f a i l  because t he  o u t l e t  d i t c h  f i l l s  up w i th  s i l t  and vege t a t i on .  The 
o u t l e t  d i t c h  should be improved t o  permi t  f r e e  flow from the  d r a i n  o u t l e t .  
O u t l e t s  a r e  u s u a l l y  p ro t ec t ed  from smal l  animals  by i n s t a l l i n g  a  f l a p  g a t e  
o r  a  g r a t i n g .  I f  t h i s  is  n o t  done, sma l l  animals  may use  t he  o u t l e t  f o r  
n e s t i n g .  The o u t l e t  should be  inspec ted  t o  determine i f  i t  is c l e a r .  



Water-surface i n l e t s  

Sur face  wa te r  i n l e t s  a r e  s u b j e c t  t o  damage and may r e q u i r e  f r equen t  r e p a i r s .  
I f  h q l e s  wash around t h e  i n l e t s ,  they should be  r epa i r ed .  Trash which s e a l s  
over  t h e  i n l e t  g r a t i n g s  o r  t r a s h  racks  should be  removed. Frequent i n l e t  
i n s p e c t i o n  w i l l  i n s u r e  prompt removal of s u r f a c e  water .  

Sand t r a p s  and ca t ch  bas in s  

Where d r a i n s  a r e  l a i d  i n  sand,  u s u a l l y  sand t r a p s  o r  c a t ch  ba s in s  a r e  b u i l t  
t o  c a t c h  t h e  sand. Traps w i l l  n o t  keep sand from f i l l i n g  d r a i n s  un l e s s  t he  
t r a p s  a r e  kep t  c l ean .  The t r a p s  should be  checked f r e q u e n t l y  a f t e r  t he  d r a i n  
ha s  f i r s t  been i n s t a l l e d .  Cleanout of t he  t r a p  may be  l e s s  f r equen t  a s  t he  
d r a i n  ages.  

Blowouts 

Q u i t e  o f t e n  ho l e s  develop ove r  t he  d r a in .  These h o l e s ,  known a s  blowouts,  
may be  caused i n  cons t ruc t i on  by l eav ing  too  wide a gap a t  j o i n t s .  Other 
causes  might be  broken t i l e  o r  improperly made d r a i n  j unc t i ons .  Blowouts 
may be  caused by i n s u f f i c i e n t  cover and h igh  p re s su re s  w i t h i n  t h e  d r a i n .  
Dra ins  crushed by heavy farm equipment may cause h o l e s  which r e s u l t  i n  t he  
d r a i n  f i l l i n g  w i th  s o i l .  I f  r e p a i r s  a r e  n o t  made immediately, damage w i l l  
i n c r ea se .  To make r e p a i r s  t he  d r a i n  must be exposed a t  t h e  p o i n t  of t he  
blowout and t h e  d r a i n  r ep l aced ,  cementing j unc t i ons  o r  cover ing  wide j o i n t s  
w i th  tar impregnated paper  and t i l e  b a t s  (broken p i ece s  of t i l e ) .  

Tree  r o o t s  

I f  t r e e s  nea r  t he  d r a i n  a r e  n o t  removed a t  t h e  time of cons t ruc t i on ,  t he  
d r a i n  may become plugged by t r e e  r o o t s .  I f  t h e  d r a i n  is  n o t  f unc t i on ing  and 
t h e  o u t l e t  is  open, t h e  d r a i n  should be checked near  t r e e s .  To r e p a i r  t he  
l i n e ,  d i g  i t  up, c l e a n  i t ,  and re - lay  i t .  Unless t he  t r e e s  a r e  removed o r  
k i l l e d ,  t h i s  i s  on ly  temporary r e p a i r  which may have t o  be  repea ted  pe r iod i -  
c a l l y .  One way t o  prevent  a recur rence  would be  t o  r e p l a c e  t h e  p a r t  of t he  
d r a i n  n e a r  t he  t r e e s  w i th  sewer p ipe  and c a r e f u l l y  s e a l  t h e  j o i n t s  o r  i n s t a l l .  
a condui t  wi thout  p e r f o r a t i o n s  o r  j o i n t s .  

The r o o t s  of some t r e e s  such a s  cottonwoods and willows cause more t r oub l e  
than  hardwood, f r u i t ,  and nu t  t r e e s .  Many d r a i n s  through orchards  have 
func t ioned  e f f e c t i v e l y  f o r  many yea r s .  The placement of d r a i n s  a t  g r e a t e r  
dep ths  i n  orchards  w i l l  he lp  e l i m i n a t e  t h e  problem of r o o t s  c logging  the  
d r a i n .  The d i s t a n c e  r o o t s  t r a v e l  t o  a d r a i n  depends on t h e  spec i e s  of t he  
t r e e s ,  c l ima te ,  and v a r i a t i o n s  i n  d r a i n  flow. Safe  d i s t a n c e s  from d r a i n s  
of v a r i o u s  s p e c i e s  of t r e e s  should be  e s t a b l i s h e d  l o c a l l y .  

Aux i l i a ry  s t r u c t u r e s  

The l i f e  and va lue  of a d ra inage  i n s t a l l a t i o n  o f t e n  depends on t he  mainte- 
nance and r e p a i r  of a u x i l i a r y  s t r u c t u r e s .  These s t r u c t u r e s  a r e  e s s e n t i a l  
t o  t h e  proper  func t i on ing  of a d ra inage  system. I f  they a r e  n o t  maintained,  
t he  system w i l l  n o t  o p e r a t e  a s  planned. Regular i n s p e c t i o n  i s  r equ i r ed .  



Waterways over  d r a i n s  

Drains a r e  o f t e n  l a i d  under o r  a t  one s i d e  of waterways. Drains  l a i d  under 
t h e  c e n t e r  of t he  waterways a r e  n o t  recommended because su r f ace  wa te r  seeps  
i n t o  p e r f o r a t i o n s  o r  j o i n t s  i n  t h e  d r a i n  and c a r r i e s  s o i l  i n t o  t h e  d r a i n .  
When enough s o i l  is  d i sp l aced ,  a  l a r g e  h o l e  develops.  Where i t  h a s  been nec- 
e s sa ry  t o  p l ace  a  d r a i n  under a  waterway, i t  should be inspec ted  r e g u l a r l y .  

Mineral  d e p o s i t s  

Malfunct ioning (17) of d r a i n s  i n  s e v e r a l  p a r t s  of t h e  country has been caused 
by mine ra l  d e p o s i t s  i n  t h e  d r a i n s .  Accumulation of i n s o l u b l e  b l ack  and/or  
red  m a t e r i a l s ,  mainly manganese o r  i r o n  oxide (bog o r e ) ,  may be found i n  t h e  
l i n e .  The minera l  depos i t s  do n o t  s e r i o u s l y  a f f e c t  t h e  ope ra t i on  of t h e  d r a i n  
un l e s s  t h e  p e r f o r a t i o n s  o r  j o i n t s  become sea l ed .  I n d i c a t i o n  of t h e  presence 
of t h e  d e p o s i t s  may be  s een  a t  t he  o u t l e t s  o r  a t  j unc t i on  boxes and i n spec t i on  
ho l e s .  Sulphur d iox ide  gas  i n j e c t e d  i n t o  t h e  upper end of t he  d r a i n  from 
tanks of compressed gas has  proved s u c c e s s f u l  i n  opening t he  d r a i n .  The gas 
should b e  he ld  i n  t he  l i n e  f o r  24 hours  a f t e r  t h e  a i r  has  been r ep l aced  by 
t he  gas .  High p re s su re  h y d r a u l i c  c l eane r s  a r e  a l s o  used t o  c l ean  t he  d r a i n .  

Miscel laneous 

In spec t i on  w e l l s ,  ca tch  b a s i n s ,  e t c . ,  i n s t a l l e d  i n  a  dra inage  system may be  
used t o  l o c a t e  t h e  p o r t i o n  of t he  system which i s  n o t  ope ra t i ng  p rope r ly .  
Examining t h e  d r a i n s  a f t e r  heavy f lows should g ive  enough information s o  t h a t  
t h e  t r o u b l e  can be l oca t ed .  Where a  system does n o t  have i n s p e c t i o n  w e l l s ,  
t he  d r a i n  must be  excavated a t  i n t e r v a l s  u n t i l  t h e  t r oub l e  is l o c a t e d .  

F a i l u r e  of a  d r a i n  i n s t a l l a t i o n  t o  ope ra t e  a s  expected may r e s u l t  from o t h e r  
f a c t o r s  such a s :  

1. Dra ins  i n s t a l l e d  w i th  i n s u f f i c i e n t  c a p a c i t y ,  d r a i n s  p laced  too 
shal low,  and l a c k  of a u x i l i a r y  s t r u c t u r e s .  

2.  Drains  of i n s u f f i c i e n t  s t r e n g t h  o r  l a ck ing  i n  o t h e r  q u a l i t i e s  
necessary  f o r  t he  i n s t a l l a t i o n .  

3. Poor cons t ruc t i on  r e s u l t i n g  i n  such inadequac ies  a s  too wide o r  
t oo  smal l  a  j o i n t  spac ing;  improper bedding;  poor grade and 
al ignment;  improper b a c k f i l l i n g ;  and subs tandard  appurtenances.  
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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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Figure 5-3, Drainage runoff curves 
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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 
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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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CHAPTER 6. DIKES 

General 

Dikes a r e  embankments cons t ruc t ed  of e a r t h  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  aga in s t  overf low o r  f looding  from s t reams,  l a k e s ,  and t i d a l  
i n f l u e n c e s ,  and a l s o  t o  p r o t e c t  f l a t  l and  from d i f f u s e d  s u r f a c e  waters .  
Dikes a r e  gene ra l l y  used f o r  t h e  fo l lowing  purposes: 

To p r o t e c t  bottom lands  along one o r  both banks of a  s t ream o r  
channel from overflow caused by h igh  s t a g e s  o r  backwater from t h e  
o u t l e t .  

To provide a d d i t i o n a l  out-of-bank capac i t y  f o r  floodways. 

To provide f loodways ac ros s  bottom lands  f o r  conveyance of upland 
runoff  t o  s t reams.  

To p r o t e c t  t he  sho re s  of l a k e s ,  d e s i l t i n g  b a s i n s  and impoundments 
a g a i n s t  wave a c t i o n  and inundat ion  dur ing  h igh  water  s t a g e s .  

To p r o t e c t  c o a s t a l  a r e a s  of oceans,  bays ,  and e s t u a r i e s  a g a i n s t  
overflow from d i u r n a l  and wind s torm t i d e s .  

To p r o t e c t  l ands  i n  a r e a s  of h igh  r a i n f a l l  and f l a t  topography from 
d i f fu sed  s u r f a c e  waters .  

Dikes a r e  intended t o  p r o t e c t  l and  a g a i n s t  overf lows of i n t e r m i t t e n t  
occurrence and s h o r t  du ra t i on  and no t  a g a i n s t  continuous impoundment a s  i n  
t h e  case  of dams. When r e s t r i c t i n g  f lood  flows along s t reams,  d ike s  tend t o  
i n c r e a s e  water  s u r f a c e  e l e v a t i o n ,  v e l o c i t i e s ,  and maximum discharges  w i th in  
t h e  confined s tream reaches  and a l s o  i n c r e a s e  t h e  r a t e  of f lood  wave t r a v e l  
downstream. 

Dike's complicate  dra inage  of t h e  lands  they p r o t e c t .  F a c i l i t i e s  f o r  runoff 
from p ro t ec t ed  a r ea s  must be provided a t  a l l  s t a g e s  of flow un l e s s  adequate 
s t o r a g e  is  a v a i l a b l e .  Ord ina r i l y ,  d i scharge  through d ikes  i s  obta ined  by 
g r a v i t y  f low through condui t s  equipped wi th  automatic  f l a p  o r  t i d e  ga t e s .  
Such g a t e s  prevent  r eve r se  flow i n t o  p ro t ec t ed  a r e a s  when s t a g e s  on t he  
water  s i d e  of d ikes  a r e  h ighe r  than on t he  land  s i d e .  When prolonged f lood  
s t a g e s  prevent  g r a v i t y  ou t f low,  t h e  runoff  from p ro t ec t ed  a r e a s  must be 
accumulated and s t o r e d  temporar i ly  i n  low a r e a s  behind t h e  d i k e s ;  be removed 
cont inuous ly  by pumps; o r  disposed of by a combination of t he se  two methods. 
(See Chapter 7 ,   r rain age ~umping"  and Chapter 9 ;     rain age of T ida l  Lands. ") 

C l a s s i f i c a t i o n  of  Dikes 

The requirements  f o r  cons t ruc t i on  of d ikes  a r e  governed by s i t e  condi t ions  
and des ign  c r i t e r i a .  The design requirements  are determined by va lue  of 
crops and proper ty  and t h e  hazard t o  l i f e  w i th in  t he  a r e a  t o  be p ro t ec t ed .  
Dikes a r e  c l a s s i f i e d  a s  shown i n  Table 6-1 i n  accordance wi th  t he se  f a c t o r s .  

6- 1 



Reference is  made t o  Engineering Standard f o r  ~ i k e ,  Code 356, SCS National  
Engineering Handbook, Sec t ion  2. 

Table  6-1, Dike C l a s s i f i c a t i o n  

Class  Condit ions Design & Constructkon 
Requirements 

I 1-Possible  l o s s  of l i f e  
should f a i l u r e  occur.  

2-High va lue  land  and i m -  
provements t o  be p ro t ec t ed .  

3-Complex s i t e  condi t ions .  

&The head of  water  a g a i n s t  
t h e  d ike  i n  excess  of 
12  f e e t  above normal 
ground, excluding s loughs ,  
o l d  channels  and o t h e r  low 
a r ea s .  

1-Design he igh t  equa l  t o  design 
water  depth p l u s  f reeboard  o r  
wave he igh t  allowance of  2  f e e t  
o r  more. 

2-Design water  depth measured o r  
computed f o r  t he  g r e a t e r  of t he  
record  f lood  o r  t h e  100 yea r  
frequency f lood .  When l o s s  of 
l i f e  o r  h igh  va lue  p rope r ty  dam- 
age a r e  no t  a  primary considera-  
t i o n ,  t h e  g r e a t e r  of t h e  50 yea r  
frequency f lood  o r  t h e  d e s i r e d  
l e v e l  of p r o t e c t i o n .  

3-Cross s e c t i o n  des ign  according 
t o  s i t e  exposure t o  wave a c t i o n  
and s o i l  s t a b i l i t y  a n a l y s i s .  

4-Stable  minera l  s o i l  requi red  
i n  foundat ion and embankment. 

5-Construction according t o  s i t e  
cond i t i ons  and c r i t e r i a  f o r  e a r t h  
embankments. Refer  t o  SCS National  
Engineering Handbook, Sec t i on  20. 

I1 1-Agr i cu l t u r a l  l ands  of 
medium t o  h igh  c a p a b i l i t y  
w i th  primary improvements 
i n  farmsteads and o t h e r  
va luab l e  f a c i l i t i e s .  

2-The head of water  a- 
g a i n s t  t h e  d i k e  l e s s  than 
12 f e e t  above normal 
ground exc luding  s loughs ,  
o l d  channels  and o t h e r  
low a r e a s .  

1-Design water  h e i g h t s  exceeding 
4 f e e t  t o  b e  based on a  25 year  
f requency o r  g r e a t e r  f l ood .  
When t h i s  degree of p r o t e c t i o n  
i s  no t  economically o r  phys i ca l l y  
f e a s i b l e  a f l ood  frequency l e s s  
than  25 y e a r s  may be used i f  f u se  
p lug  s e c t i o n s  o r  o t h e r  s u i t a b l e  
r e l i e f  measures a r e  inc luded  i n  
t h e  design.  

2-Stable minera l  s o i l s  r equ i r ed  i n  
t h e  embankment. Organic s o i l s  
pe rmi s s ib l e  on ly  as s u r f a c e  covering 
no t  i n  excess  of 1 foot .  

3-Cross s e c t i o n  des ign  based on 
des ign  water  he igh t  and t he  meth- 
od of cons t ruc t i on .  



Table 6-1, continued 

Class Conditions Design & Construction 
Requirements 

11 (continued) 4-Construction with material 
compacted by equipment travel 
or dumped and shaped. 

I11 1-Agricultural lands of 1-Design based on SCS State 
relatively low capability Standards considering the site 
with improvements of low conditions. 
value. 

2-Construction with materials 
2-The head of water against available and suitable for use. 
the dike not more than 6 
feet for mineral soils or 
4 feet for organic soils 
excluding sloughs, old 
channels and low areas. 

Investi~ations for Dikes 

The intensity of investigations for dikes depends upon the class of dike re- 
quired and a careful evaluation and consideration of the site conditions 
present. The following is a discussion of investigations needed for dike 
Location, determination of high water levels, foundation materials and embank- 
ment materials. 

Dike location 

After the classification of the dike is determined, the initial step in 
investigation and design is establishment of a tentative location. This 
involves consideration of: 

1. The land use and improvements, both existing and proposed, within 
the area to be protected. This data may be used in evaluating 
economic feasibility. 

2. Anticipated flood stages. 

3 .  The manner in which drainage of the protected area will be provided. 

4. Rights-of-way involved. 

5. Physical problems to be encountered, especially soil conditions 
relating to foundation and fill for the embankment and access for 
construction and maintenance. 

The following should be considered in the final dike location: 

1. Construction on soils that provide the most favorable foundation 
conditions and the best embankment materials. The location of 
Class 111 dikes will generally be parallel with units of the 
drainage system. 



The s h o r t e s t ,  most f e a s i b l e  and economical r o u t e  c o n s i s t e n t  wi th  
p r o t e c t i n g  t h e  l a r g e s t  u s a b l e  a r e a .  

Avoidance o f  h a z a r d s ,  such a s  s l o u g h s ,  s h a r p  e r o d i n g  bends i n  
w a t e r c o u r s e s ,  and d i r e c t  exposure  t o  s i g n i f i c a n t  reaches  o f  open 
wate r .  

U t i l i z a t i o n  of n a t u r a l  p r o t e c t i o n  a g a i n s t  waves, such  a s  permanent 
s t a n d s  of t r e e s ,  r e e d s  o r  b rush .  T r e e s  and brush  should  n o t  be  
a l lowed t o  grow on t h e  d i k e  however. 

Border ing p u b l i c  roads  o r  p r o p e r t y  l i n e s  f o r  purposes  of a c c e s s  and 
easements .  

Coord ina t ion  w i t h  u n i t s  o f  t h e  d r a i n a g e  system o f  t h e  p r o t e c t e d  
a r e a s .  

Use of  n a t u r a l  s t o r a g e  b a s i n s  w i t h i n  t h e  p r o t e c t e d  a r e a s  t o  reduce 
pumping requ i rements  and g a t e  s i z e s .  

The e f f e c t ,  i f  any,  on e x i s t i n g  d i k e s  and a d j a c e n t  l a n d s  which w i l l  
r e s u l t  from t h e  d i k e  c o n s t r u c t i o n .  

High w a t e r  d e t e r m i n a t i o n  

I n v e s t i g a t i o n s  f o r  a l l  c l a s s e s  of d i k e s  must i n c l u d e  a d e t e r m i n a t i o n  o f  t h e  
h e i g h t ,  f requency and d u r a t i o n  o f  f loodwate r  s t a g e s .  Th is  i s  a l o g i c a l  n e x t  
s t e p  a f t e r  c l a s s i f y i n g  and l o c a t i n g  t h e  d i k e .  

High w a t e r  s t a g e s  a l o n g  c o a s t a l  a r e a s  u s u a l l y  r e s u l t  from t h e  combination 
o f  h i g h  d i u r n a l  t i d e s ,  h igh winds and waves. Storms a long  t he  A t l a n t i c  and 
Gulf Coas t s  may r e s u l t  i n  h i g h  w a t e r  s t a g e s  a long  t h e  s h o r e l i n e s  o f  nearby 
i n l a n d  f r e s h w a t e r  l a k e s .  Flood s t a g e  r e c o r d s  and d a t e s  a r e  g e n e r a l l y  a v a i l -  
a b l e  from t h e  Corps of Engineers ,  Coast Guard, munic ipa l  and p o r t  a u t h o r i t i e s ,  
t h e  Coast  and Geode t ic  Survey of t h e  U. S .  Department of Commerce which 
i s s u e s  annua l  e d i t i o n s  of "Tide Tab les  - East  Coast" and "Tide Tab les  - West 
Coas t , "  and from landowners.  (See Chapter  9 ,   rainag age of T i d a l  Lands"). 
I n  t h e  absence of a v a i l a b l e  r e c o r d s ,  d u r a t i o n  o f  f l o o d  t i d e s  r e s u l t i n g  from 
h u r r i c a n e s  may be assumed a s  about  75 hours  a l o n g  t h e  s o u t h e r n  and e a s t e r n  
c o a s t s  o f  t h e  Uni ted S t a t e s .  

Flood d a t a  on s t r e a m s  can be o b t a i n e d  from t h e  U.  S. Geolog ica l  Survey,  o t h e r  
f e d e r a l  a g e n c i e s ,  and s t a t e  agenc ies .  Data i n  t h e  form of  high w a t e r  marks 
a r e  f r e q u e n t l y  a v a i l a b l e  from l o c a l  community r e c o r d s ,  newspapers,  and from 
landowners.  Where i n f o r m a t i o n  on f l o o d  s t a g e s  o f  s t reams  is  n o t  a v a i l a b l e ,  
computat ions  based  on t h e  hydro log ic  c o n d i t i o n s  of t h e  watershed and on 
s e l e c t e d  r a i n f a l l  c o n d i t i o n s  can be made t o  approximate  t h e  d i s c h a r g e  from 
which e s t i m a t e s  of t h e  a n t i c i p a t e d  f l o o d  s t a g e  can b e  made. Procedures  f o r  
de te rmin ing  runof f  a r e  given i n  t h e  SCS N a t i o n a l  Engineer ing  Handbook, 
S e c t i o n  4 ,  "Hydrology" and i n  S e c t i o n  16 ,  Chapter  5,  "Open Di tches . "  

Whenever f l o o d p l a i n  r u n o f f  i s  r e s t r i c t e d  by d i k e s ,  t h e  s t a g e  f o r  d e s i g n  d i s -  
charge  must b e  determined.  I f  t h e  f l o o d p l a i n  on o n l y  one s i d e  o f  a  s t r e a m  
is  d iked  o u t ,  t h e  e f f e c t  on dep th ,  d u r a t i o n  and e x t e n t  o f  f l o o d i n g  on t h e  
f l o o d p l a i n  o f  t h e  o p p o s i t e  s i d e  must be  determined.  Legal  compl ica t ions  can 
a r i s e  from any change i n  d u r a t i o n  o r  s t a g e  o f  overf low r e s u l t i n g  from d i k e  
c o n s t r u c t i o n .  



Dike foundat ion 

Foundation i n v e s t i g a t i o n s  a r e  u s u a l l y  made concur ren t  wi th  o r  s h o r t l y  
fo l lowing  t e n t a t i v e  l o c a t i o n  of t h e  d ike .  S o i l  bor ings  a r e  necessary  f o r  
a l l  c l a s s e s  of dike.  Where s t anda rd  s o i l s  surveys of t he  a r e a  a r e  a v a i l a b l e ,  
t h e s e  may be  used a s  gu ides  f o r  l o c a t i n g  bor ings .  When s o i l  surveys  a r e  no t  
a v a i l a b l e ,  s e l e c t e d  bor ings  should be l oca t ed  a long  t h e  rou t e .  I n  some 
i n s t a n c e s ,  i t  may be d e s i r a b l e  t o  open a  p i t  f o r  a  c l o s e r  examination of sub- 
s t r a t a .  Borings o r  p i t s  should r e v e a l  (a) t h e  e l e v a t i o n  of  t h e  water  t a b l e ;  
(b) t h i cknes s ,  c l a s s i f i c a t i o n  and p o s i t i o n  of each  s t r a t a ;  and (c )  t h e  
e x i s t e n c e  of any u n s u i t a b l e  m a t e r i a l s .  These bor ings  should extend t o  a 
depth equa l  t o  t h e  d i f f e r e n c e  between t h e  bottom of any e x i s t i n g  o r  proposed 

-channel o r  borrow p i t  and t h e  de s ign  water  s u r f a c e .  The l o c a t i o n  of excessive-  
l y  permeable s t r a t a  should be known t o  determine t h e i r  i n f l uence  on p ip ing ,  
pumping c o s t s  and t h e i r  r e l a t i o n s h i p  t o  t h e  l o c a t i o n  of i n t e r i o r  d ra inage  
f a c i l i t i e s .  Occasional ly,  i t  may be necessary  t o  make mechanical a n a l y s i s  
and pe rmeab i l i t y  tests of t h e  va r ious  s t r a t a  encountered t o  o b t a i n  more 
complete in format ion ,  u s ing  methods e s t a b l i s h e d  f o r  e a r t h  dams. 

Embankment m a t e r i a l s  

Dikes a r e  u sua l l y  cons t ruc t ed  of f i l l  m a t e r i a l  borrowed ad j acen t  t o  and 
p a r a l l e l  w i th  t he  dike.  I n  such ca se s ,  i n v e s t i g a t i o n s  f o r  foundat ion and 
borrow m a t e r i a l  can be combined. Where uns t ab l e  s o i l  cond i t i ons  a r e  found, 
i t  may be more economical t o  change t he  d ike  l o c a t i o n  r a t h e r  than  t o  employ 
s p e c i a l  cons t ruc t i on  methods necessary  f o r  uns t ab l e  s o i l s .  For Class  I and 
some Class  I1 d ikes ,  s p e c i a l  borrow p i t s  o u t s i d e  t h e  immediate a r e a  of 
cons t ruc t i on  may be r equ i r ed  and t he  f i l l  m a t e r i a l  t r anspo r t ed  t o  t h e  con- 
s t r u c t i o n  s i t e .  

"So i l  C h a r a c t e r i s t i c s , "  given i n  Table 6-2, h e l p  i n  app ra i s ing  s o i l  condi- 
t i o n s ,  pe rmeab i l i t y ,  and s t a b i l i t y  when making t h e  pre l iminary  i n v e s t i g a t i o n s  . 
Frequent ly ,  s imple f i e l d  t e s t s  s u f f i c e  f o r  determining s t a b i l i t y  of f i l l  
m a t e r i a l s .  Such t e s t s  a r e  o u t l i n e d  i n  Chapters 1 and 2 ,  Sec t ion  8 ,  
Engineering Geology, SCS, Nat iona l  Engineering Handbook. 

Design of Dikes 

General 

Dikes can f a i l  by over topping ,  undermining, s loughing ,  and seepage channels  
a long dra inage  s t r u c t u r e s  p laced  through them. The d ike  design should reduce 
t h e  p o s s i b i l i t y  of f a i l u r e  from these  hazards a s  much a s  pos s ib l e .  Dikes 
a r e  u s u a l l y  long and have s u b s t a n t i a l  d i f f e r e n c e s  i n  s o i l  cond i t i ons  along 
t h e i r  r ou t e s .  Often l o c a t i o n s  cannot be changed t o  ob t a in  b e t t e r  foundat ions 
and t h e  s o i l s  ad jacent  t o  t h e  d ike  must be used i n  cons t ruc t i on .  Adjustments 
i n  t h e  des ign  s e c t i o n  and i n  cons t ruc t i on  methods must be made along t h e  
course of d ikes  i n  accordance w i th  t he se  s o i l  cond i t i ons ,  

Ample f reeboard  reduces t h e  p o s s i b i l i t y  of overtopping of d ike s .  Undermining 
is minimized by l o c a t i n g  d ikes  f a r  enough away from channels  t o  e l i m i n a t e  
exposure t o  h igh  v e l o c i t i e s  and scour .  Proper  s i d e  s l opes  and cons t ruc t i on  
methods minimize s loughing.  P r o t e c t i o n  a g a i n s t  seepage along c u l v e r t  and 
d ischarge  p ipes  is  improved by i nc rea s ing  t h e  seep  l i n e  wi th  a n t i s e e p  c o l l a r s .  
A seep  l i n e  i nc r ea se  of 15  pe rcen t  i s  u sua l l y  s u f f i c i e n t .  When i n s t a l l i n g  
dra inage  pumps, d i scharge  is  handled by l o c a t i n g  t h e  d i scharge  p ipe  over  
t h e  top of d ikes .  I f  p laced  through t h e  d i k e s ,  p ipe s  should be p laced  above 
t h e  water  s u r f a c e  and t h e  connect ions between them and t h e  pumps made wi th  
f l e x i b l e  couplings.  



Table 6-2, S o i l  c h a r a c t e r i s t i c s  

f i n e s  . I 
Poorly graded g rave l s  and I S t ab l e  - s u i t a b l e  f o r  s h e l l  o f  

Zroup 
Symbol 

GW 

GP I gravel-sand mixtures.  L i t t l e  I dike ,  Good foundation bear ing .  
o r  no f i n e s .  

S o i l  Descr ip t ion  
Well graded g rave l  and gravel-  
sand mixtures .  L i t t l e  o r  no 

S u i t a b i l i t y  - Dikes 

Very s t a b l e  - s u i t e d  f o r  s h e l l  of 
dike. Good foundation bearing.  

GM 

GC ' 

I 

1 Poorly graded sands and I 

SW 

Very s t a b l e  - adequate f o r  low 
s t a g e s .  Good foundation bear ing .  
Compaction good wi th  crawler  
t r a c t o r .  

S i l t y  g rave l s  and gravel-sand- 
c l ay  mixtures.  

Clayey g rave l s  and gravel-  
sand-clay mixtures.  

Wellcgraded sands and g r a v e l l y  
sands.  L i t t l e  o r  no f i n e s .  

S t ab l e  - adequate f o r  low s t a g e s .  
General ly f a i r  foundat ion bear ing .  
Use f l a t  s l opes  and wide berms. 
Compaction good wi th  c rawler  
t r a c t o r .  

S t ab l e  - gene ra l ly  adequate f o r  
a l l  s t a g e s .  Good foundation 
bearing.  Good compaction wi th  
rubber  t i r e s .  

S t ab l e  - adequate f o r  a l l  s t a g e s .  
Good foundation bearing.  Good 
compaction wi th  rubber  t i r e s .  

sc I Clayey sands and sand-clay 
mixtures 

SM 

Stab le  - adequate f o r  a l l  s t ages .  
General ly good foundation bear ing .  
F a i r  compaction wi th  rubber  t i r e s .  

Permeabi l i ty  
and Slopes 

Rapid - w i l l  need core.  

S i l t y  sands and sand - s i l t  
mixtures,  

Rapid - may n o t  need core  
f o r  lower s t a g e s  of  s h o r t  
dura t ion .  

F a i r l y  s t a b l e  - adequate f o r  low 
s t ages .  Only f a i r  foundat ion 
bear ing .  Use wide berms. Good 
compaction with rubber  t i r e s .  

Moderate - may n o t  need 
core  except  f o r  long  f lood  
dura t ion .  

Slow permeabi l i ty  

Rapid - may need core  f o r  
h igh  s t a g e s  of long 
dura t ion .  

-- - 

Rapid - w i l l  need core  f o r  
long dura t ion .  Use f l a t  
s l opes .  P r o t e c t  a g a i n s t  
wave ac t ion .  

- -  -- 

Moderate - use f l a t  s l ope  
on water  s i d e .  P ro t ec t  
aga ins t  wave ac t ion .  

Slow - 



.Tab le  6-2, S o i l  c h a r a c t e r i s t i c s  (con t inued)  

I I P e r m e a b i l i t y  

Svmbol S o i l  D e s c r i p t i o n  S u i t a b i l i t y  - Dikes and Slopes  

n 
a, z 
m 

Slow - I n o r g a n i c  c l a y s  o f  low t o  
medium p l a s t i c i t y ,  g r a v e l l y  

bo 
C 

c l a y s ,  sandy c l a y s ,  s i l t y  
r n  c l a y s  and l e a n  c l a y s .  

ML 

S t a b l e  - adequa te  f o r  a l l  s t a g e s ,  
F a i r  founda t ion  b e a r i n g .  F a i r  
compaction w i t h  rubber  t i r e s .  Use 
dumped f i l l  on lower  s t a g e s  on ly .  

Moderate - use  f o r  v e r y  
low s t a g e  on ly .  Slopes  a t  
n a t u r a l  a n g l e  o f  repose  
when wet  . 

-- 

r = i y E  and o r g a n i c  
c l a y s  having low p l a s t i c i t y .  

0 
m 
d 

I n o r g a n i c  s i l t s  and v e r y  f i n e  
s a n d s ,  rock f l o u r ,  s i l t y  o r  
c layey  f i n e  sands  and c l a y e y  
s i l ts  of s l i g h t  p l a s t i c i t y .  

Very poor  s t a b i l i t y  - may b e  
adequa te  f o r  C l a s s  111 d i k e s  o f  
low h e i g h t .  Can use  dumped f i l l .  

Note: Th is  t a b l e  based on t h e  Uni f ied  C l a s s i f i c a t i o n  System and f i e l d  exper ience .  
Rubber tires r e f e r  t o  rubbek t i r e d  equipment.  

Poor s t a b i l i t y  - g e n e r a l l y  adequa te  
f o r  low s t a g e s .  F a i r  f o u n d a t i o n  
b e a r i n g .  Dumped f i l l  on C l a s s  111 
d i k e s  on ly .  F a i r  compaction w i t h  
rubber  t i r e s .  

LU 

5 
a, 
k 

2 
w 

I 

V, 
rl . ri 
o 
m 

a .  
a, 
G 
4 
a 
k 
bo 
I 
5' 
-rl 
k 

Moderate - u s e  f l a t  s l o p e  
on w a t e r  s i d e .  P r o t e c t  
s l o p e s  a g a i n s t  e r o s i o n  
f o r c e s ,  

Low s t a b i l i t y  - g e n e r a l l y  adequa te  
f o r  a l l  s t a g e s .  D i f f i c u l t  t o  
compact. Could use  dumped f i l l  
f o r  low s t a g e s .  Poor founda t ion  
bear ing .  

F a i r l y  s t a b l e  - adequa te  f o r  a l l  
s t a g e s .  Poor compaction, dumped 
f i l l  may be adequate .  

Very low s t a b i l i t y  - Adequate o n l y  
f o r  low s t a g e s  and can use dumped 
f i l l .  Has poor  founda t ion  b e a r i n g  
and compaction. 

Slow - u s e  f l a t  s l o p e s  and 
p r o t e c t  a g a i n s t  e r o s i o n .  

Very s low p e r m e a b i l i t y .  
Use f l a t  s l o p e s  on w a t e r  
s i d e .  

Very s low - u s e  for low 
s t a g e s  o n l y ,  Use f l a t  
s l o p e s .  

MH 

- 

I n o r g a n i c  s i l t s ,  micaceous o r  
diatomaceous f i n e  sandy o r  
s i l t y  s o i l s  and e l a s t i c  s i l ts .  

Pt  
Very low s t a b i l i t y  - u s e  o n l y  f o r  
temporary d i k e s .  Remove from foun- 
d a t i o n  f o r  m i n e r a l  s o i l  d i k e s .  

' P e a t  and o t h e r  h i g h l y  o r g a n i c  
s o i l s .  

CH 

OH 

V a r i a b l e  - may v a r y  
s i g n i f i c a n t l y  between 
v e r t i c a l  and h o r i z o n t a l .  

I n o r g a n i c  c l a y s  having h i g h  
p l a s t i c i t y  and f a t  c l a y s .  

Organic  c l a y s  hav ing  medium 
t o  h i g h  p l a s t i c i t y  and 
o r g a n i c  silts.  



The c r o s s  s e c t i o n  and dens i t y  of m a t e r i a l s  a f f e c t  embankment s t a b i l i t y .  High 
d e n s i t y  and uni formi ty  of f i l l  m a t e r i a l s  f o r  Class  I d ikes  a r e  ob ta ined  by 
sys t ema t i c  c o n t r o l  of mois ture  and compaction during placement.  Uniformity 
and adequate  compaction of m a t e r i a l s  f o r  Class  I1 and Class  I11 dikes  a r e  
ob ta ined  through a  s t udy  of mois ture  cond i t i ons  a t  t ime of placement and 
placement methods used. P l a s t i c  s o i l s  may r e q u i r e  added h e i g h t  and consider-  
a b l e  maintenance t o  b r i n g  t h e  s e t t l e d  f i l l  t o  r equ i r ed  h e i g h t  a f t e r  we t t i ng  
of f i l l  t ake3  p l ace .  Nonplas t ic  s o i l s  and s o i l s  of low p l a s t i c i t y  may slump 
exces s ive ly  and t hus  r e q u i r e  f l a t t e r  d i k e  s l o p e s  and r a i s i n g  of  f i l l s  i n  
sha l low l i f t s  dur ing  cons t ruc t i on .  F l a t t e r  s l opes  and s p e c i a l  p r o t e c t i o n  of 
t h e  s u r f a c e  may be r equ i r ed  on t h e  water  s i d e  of d ike s  exposed t o  f lood  
s t a g e s  of long  d u r a t i o n ,  heavy wave a c t i o n ,  o r  r ap id  lowering of  t h e  f lood  
s t a g e .  

Height of d ike  

A s  shown i n  F igure  6-1, t h e  design he igh t  of t h e  d ike  (H) should be t h e  sum 
of des ign  h igh  water  s t a g e  (H,) and t h e  added h e i g h t  (Bv) f o r  wave a c t i o n  o r  
t h e  f reeboard  (Hf) which eve r  is  g r e a t e r .  Hs i s  an  allowance f o r  s e t t l emen t  
which depends upon t h e  m a t e r i a l s  used i n  cons t ruc t i on  and t h e  method of 
cons t ruc t i on .  Maximum Hw is  determined by t h e  c l a s s  of d ike  t o  be provided 
and Hw i s  based on t h e  wa te r  s u r f a c e  p r o f i l e ,  o r  t h e  h igh  wa te r  s t a g e .  Free- 
board Hf is  an allowance t h a t  is  added t o  t h e  design f l o o d  s t a g e  without  con- 
s i d e r a t i o n  of wave h e i g h t .  Freeboard f o r  d ike s  should b e  a minimum of 2 
f e e t ,  bu t  where wave a c t i o n  i s  expected,  i t  should be i nc r ea sed  t o  t h e  f u l l  
allowance f o r  wave h e i g h t .  Wave he igh t  allowance should be based on t h e  
v e l o c i t y  and d u r a t i o n  of wind, d i s t a n c e  of open water  f ac ing  t he  dike--fetch-- 
o r i e n t a t i o n  of t h e  d i k e  wi th  r e spec t  t o  t he  angle  of waves genera ted  by pre- 
v a i l i n g  winds, t h e  depth of water ,  and t h e  l e n g t h  of t h e  d ike .  A l a c k  of 
s p e c i f i c  d a t a  on wave he igh t  and r ideup  on d ikes  r e q u i r e s  judgment and con- 
s i d e r a t i o n  of a l l  f a c t o r s  involved i n  a  p a r t i c u l a r  s i t u a t i o n .  

F igure  6-1, Typica l  d i k e  s e c t i o n  



Based on an American Soc i e ty  of C i v i l  Engineers '  r e p o r t ,  which inc luded  a  
summary of emperical  formulas f o r  de te rmina t ion  of wave h e i g h t ,  t h e  Bureau of 
Reclamation (1)" prepared a  t a b l e  of wave h e i g h t s  f o r  s e l e c t e d  l e n g t h s  of 
f e t c h  and wind v e l o c i t i e s .  F igure  6-2 is  a s e t  of curves based on t he  
Bureau of  Reclamation 's  a n a l y s i s .  

The f reeboard  allowance f o r  wave he igh t  should be s u f f i c i e n t  t o  prevent  over- 
topping of  t h e  d ike  due t o  wave r ideup  equa l  t o  1 .5  t imes t he  h e i g h t  of t h e  
wave a s  given by t h e s e  curves ,  measured v e r t i c a l l y  from t h e  s t i l l  water  l e v e l .  
Wind v e l o c i t i e s  f o r  de te rmina t ion  of allowance f o r  wave he igh t  should range 
from 100 mi l e s  p e r  hour f o r  C la s s  I d ikes  t o  75 mph f o r  Class  I1 dikes and 
50 mph f o r  Class  111 d ikes .  

Vegeta t ive  growth between t h e  d i k e  and open wa te r ,  i f  s u f f i c i e n t l y  h igh  and 
dense,  t ends  t o  reduce wave he igh t s .  I n  such i n s t a n c e s  ad jus tments  i n  Hv 
should be made based on t h e  type  of p l a n t  growth, and t h e  cond i t i on  and 
permanence of t h e  s tand .  

Se t t lement  allowance Hs depends upon t h e  s o i l  m a t e r i a l  i n  t h e  f i l l  and founda- 
t i o n ,  and on the method of cons t ruc t i on .  The mois ture  conten t  of t h e  s o i l  
dur ing  cons t ruc t i on  i s  most important .  Where t h e  d ike  i s  t o  be compacted by 
cons t ruc t i on  equipment o p e r a t i n g  over  t h e  a r e a ,  a s e t t l e m e n t  allowance (H,) 
of no t  l e s s  than  5 percent  of t h e  f i l l  h e i g h t  (H) should be inc luded .  Where 
a  dumped f i l l  i s  p laced  and shaped,  t h e  allowance should be n o t  l e s s  than  10 
pe rcen t  of t h e  he igh t  of t h e  dike.  For s o i l s  excep t iona l l y  h i g h  i n  o rgan i c  
m a t t e r ,  t h e  s e t t l emen t  allowance should be no l e s s  than  40 pe rcen t  s i n c e  
t he se  s o i l s  a r e  most l i k e l y  t o  be p laced  i n  a  near -sa tura ted  cond i t i on  and 
a r e  s u b j e c t  t o  shr inkage  from compaction and ox ida t i on  of  o rgan i c  ma t t e r .  

*Numbers i n  paren theses  r e f e r  t o  r e f e r ences  l i s t e d  a t  t h e  end of t h e  chapter .  



Top wid th  

Top wid th  of d ike s  should be v a r i e d  accord ing  t o  s o i l s  t ype ,  degree of pro- 
t e c t i o n  requi red  and t h e  depth of water  c o n t r o l l e d .  Top width f o r  Class  I 
d ikes  of minera l  s o i l  should be no l e s s  than  10 f e e t  f o r  h e i g h t s  up t o  15 
f e e t  and n o t  l e s s  t han  1 2  f e e t  f o r  h e i g h t s  above 1 5  f e e t .  Top width f o r  
Class  I1 and I11 d i k e s  of  minera l  s o i l  should be no l e s s  than  6 f e e t  f o r  
designed water  h e i g h t s  (Hw) up t o  6 f e e t  and 8 f e e t  f o r  h e i g h t s  over  6 f e e t .  
Top width f o r  d ike s  of  o rgan i c  s o i l  should be no l e s s  than  8 f e e t .  Such 
d ikes  should be l i m i t e d  t o  designed water  h e i g h t s  of 4 f e e t  o r  l e s s .  Top 
wid ths  should be a t  l e a s t  10 f e e t  when t h e  d i k e  is  t o  be used a s  a  mainten- 
ance roadway. Add i t i ona l  width f o r  " t u rn  arounds" o r  pa s s ing  a r e a s  should 
a l s o  be provided a s  needed. 

S ide  s l o p e s  

S ide  s l o p e s  of d ike s  a r e  dependent p r i m a r i l y  upon t h e  depth  and d u r a t i o n  of 
wa te r  impoundment and t h e  shea r ing  r e s i s t a n c e  of t h e  e a r t h  f i l l  and founda- 
t i o n  m a t e r i a l s .  S ide  s l o p e s  should be 3:l o r  f l a t t e r  on both s i d e s  of d ike s  
where s o i l s  of low p l a s t i c i t y ,  such a s  ML and SM s o i l s ,  a r e  used i n  construc-  
t i o n .  S ide  s l o p e s  should be 3 : l  o r  f l a t t e r  on t h e  water  s i d e  when app rec i ab l e  
wave a c t i o n  i s  expected,  o r  where a  s t e e p e r  s l o p e  would be  u n s t a b l e  under 
r a p i d  drawdown cond i t i ons .  Rapid drawdown can occur  when hu r r i canes  pass  a  
given p o i n t  and g a l e  winds s h i f t  r a p i d l y  by 180 degrees t o  blow away from, 
r a t h e r  than  towards a  g iven  p o i n t .  Rapid drawdown can occur  a l s o  when 
f l ood  c r e s t s  drop r a p i d l y .  Land s i d e  s l o p e s  of  d ikes  must be f l a t t e n e d  when 
f i l l  s o i l s  of r e l a t i v e l y  high permeabi l i ty  a r e  exposed t o  h igh  f lood  s t a g e s  
f o r  extended pe r iods  of  t ime.  The seepage flow through the se  s o i l s  may 
then  p rog re s s  from wa te r  t o  land  s i d e  a t  a  r e l a t i v e l y  s l i g h t  angle  wi th  t h e  
h o r i z o n t a l  and ou t c rop  on t h e  l and  s i d e  of t h e  d i k e  t o  c r e a t e  a  hazard.  This  
a c t i o n  i s  most s eve re  i f  t h e  foundat ion f o r  t h e  d i k e  i s  l e s s  perv ious  than 
t h e  f i l l .  

S ide  s l o p e s  f o r  Class  1 dikes  must be determined from s t a b i l i t y  a n a l y s i s  o f  
t h e  f i l l  and foundat ion  m a t e r i a l s  t o  be used. Where s eve re  wave a c t i o n  i s  
a n t i c i p a t e d ,  unpro tec ted  s lopes  on t h e  wa te r  s i d e  should n o t  be s t e e p e r  than  
4 h o r i z o n t a l  t o  one v e r t i c a l .  

S ide  s l opes  f o r  C la s s  I1 d ikes ,  where wa te r  dep ths  a g a i n s t  t h e  f i l l  a r e  l e s s  
than  6 f e e t ,  should n o t  be s t e e p e r  than  1-1/2 h o r i z o n t a l  t o  one v e r t i c a l  i f  
f i l l  i s  compacted by hau l ing  equipment o r  by s p e c i a l  compaction equipment 
a f t e r  placement,  and n o t  s t e e p e r  than 2  h o r i z o n t a l  t o  one v e r t i c a l  when 
dumped i n  p lace .  Where Class  I1 dike  f i l l s  impound water  dep ths  ranging from 
6 t o  12 f e e t ,  s l o p e s  should no t  be s t e e p e r  than  2 h o r i z o n t a l  t o  one v e r t i c a l  
when compaction is  ob t a ined  by hau l ing  equipment o r  s p e c i a l  compaction equip- 
ment a f t e r  placement and n o t  s t e e p e r  than  2-1/2 h o r i z o n t a l  t o  one v e r t i c a l  
when t h e  f i l l  i s  dumped. I f  t he  water  s i d e  of dumped f i l l s  a r e  f l a t t e n e d  
t o  3 h o r i z o n t a l  t o  one v e r t i c a l ,  t h e  land  s i d e  may i n  t h i s  case  be s teepened 
t o  2  h o r i z o n t a l  t o  one v e r t i c a l .  

S ide  s l o p e s  of Class T I 1  d ike s  should be  based on t h e  gene ra l  cons ide ra t i ons  
d i scussed  above and exper ience  wi th  d i k e  cons t ruc t i on  under s i m i l a r  cond i t i ons .  
Dikes cons t ruc t ed  from channel  s p o i l  may be shaped t o  t h e  r equ i r ed  he igh t  
and t o  t h e  approximate c r o s s  s e c t i o n  s p e c i f i e d .  The r equ i r ed  s i d e  s l o p e s  may 
be conta ined  w i t h i n  t h e  dumped f i l l  i f  i t  i s  excess  t o  t h e  minimum requi re -  
ments. 



Core t r ench  

Where d ike  foundat ions con t a in  perv ious  s t r a t a  o r  t he  s o i l s  a r e  s u f f i c i e n t l y  
perv ious  t o  be s u b j e c t  t o  p ip ing  o r  undermining, a  core  t r ench  o r  foundat ion  
cu to f f  should be  provided.  The core  t r ench  should have a  bottom width and 
s i d e  s l o p e s  adequate  t o  accommodate t h e  type  of equipment t o  be used f o r  
excava t ion ,  b a c k f i l l ,  and compaction. B a c k f i l l  should be made wi th  m a t e r i a l s  
equa l  t o  o r  b e t t e r  than  t h o s e  r equ i r ed  f o r  t h e  e a r t h  embankment. Core 
t r enches  a r e  used i n  both Class  I and C la s s  I1 dikes  bu t  a r e  seldom requi red  
f o r  C la s s  I11 dikes .  Where perv ious  foundat ions  f o r  Class  I d ikes  a r e  too 
deep t o  be pene t ra ted  by a  co re  t r ench  t o  an impervious c u t o f f ,  a dra inage  
system must be provided t o  i n s u r e  s t a b i l i t y .  Table 6-2, i s  a gene ra l  guide 
t o  i n d i c a t e  condi t ions  where a  co re  t r ench  is needed. 

Where Class  1 dikes  a r e  l o c a t e d  on perv ious  foundat ions ,  which a r e  so  deep 
t h a t  a  c o r e  t r ench  i s  no t  f e a s i b l e ,  o t h e r  means of c o n t r o l l i n g  seepage and 
p r o t e c t i o n  of t he  d ike  from subsur face  p ip ing  must be  used. Ways and means 
f o r  c o n t r o l l i n g  underseepage i nc lude  p rope r ly  designed and cons t ruc ted  land- 
s i d e  banquet tes  o r  seepage berms, r e l i e f  w e l l s  and d r a i n s ,  wa t e r s ide  b l anke t s  
of low pe rmeab i l i t y ,  c u t o f f s  and dra inage  d i t c h e s .  

The proceedings of a  symposium on "underseepage and Its ~ o n t r o l "  a r e  inc luded  
i n  t h e  Transac t ions  of t h e  American Soc i e ty  of C i v i l  Engineers ,  Volume 126, 
1961, P a r t  1, pages 1427-1568. This  i nc ludes  a  comprehensive t rea tment  of 
i n v e s t i g a t i o n s ,  c o n t r o l  measures and c o n s t r u c t i o n  and maintenance of c o n t r o l  
measures (2).  The r e f e r ence  should be consul ted  f o r  he lp  with complex 
seepage problems. 

Banquettes 

channels  o r  have exces s ive ly  porous f i l l s  o r  poor 
t h e  land  s i d e  t o e  should be p ro t ec t ed  by a  banquet te  

Such banquet tes  may be  used t o  provide cons t ruc t i on  
l i t y  i f  channel  c r o s s i n g s  a r e  under water  o r  s a t u r a t e d  
The banquet te  width should be no l e s s  than  t he  he igh t  
round e l e v a t i o n ,  and i n  case  of Class  I d ikes  i t  must 

Where d ike s  c ro s s  o l d  
foundat ion  cond i t i ons  
o r  cons t ruc t ed  berm. 
acces s  and added s t a b  
dur ing  cons t ruc t i on .  
of d i k e  above normal f3 
meet de s ign  requirements  determined from s i t e  i n v e s t i g a t i o n s ,  l a b o r a t o r y  
a n a l y s i s  of f i l l  m a t e r i a l s  and compaction methods. The f i n i s h e d  top of t h e  
banquet te  should be no l e s s  than  one foo t  above normal ground and should 
s l o p e  away from t h e  d i k e  t o  provide  f o r  runoff  from t h e  d ike .  S ide  s l ope  of 
t h e  extended s e c t i o n  should be no s t e e p e r  than  t h e  land s i d e  s l o p e  of t h e  
d ike ,  s e e  F igure  6-3. When h igh ly  permeable s o i l  is used i n  t h e  embankment 
over  a  more s lowly permeable foundat ion ,  t h e  land  s i d e  base of  d i k e  may need 
t o  be extended and t h e  e n t i r e  d i k e  c r o s s  s e c t i o n  widened from base  t o  t o p ,  
i n  o r d e r  t o  keep t h e  l i n e  of seepage w i t h i n  t h e  embankment. I n  t h i s  case  
t h e  wid th  of t h e  banquet te  does no t  need t o  be increased .  

Drains 

Foundation a n d - t o e  d r a i n s  should be  used where necessary  t o  i n s u r e  s a f e t y  of 
d ikes .  These d r a i n s  must be l oca t ed  on t h e  l and  s i d e  of t h e  d ike  and have a  
graded sand-gravel f i l t e r  designed t o  prevent  movement of t he  foundat ion o r  
f i l l  m a t e r i a l  i n t o  t he  d r a in .  

F i e l d  d r a i n s  must no t  be  i n s t a l l e d  o r  permi t ted  t o  remain, wi thout  f i l t e r  
p r o t e c t i o n ,  c l o s e r  t o  t h e  land-side t o e  of a d ike  than  a  d i s t a n c e  equa l  t o  
t h r e e  t i m e s  t h e  design wa te r  he igh t  Tor t he  d ike .  I f  f i e l d  d r a i n s  a r e  t o  be 
i n s t a l l e d  o r  remain c l o s e r  than  t he  d i s t a n c e  s t a t e d  above, they  must be 
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p ro t ec t ed  wi th  graded sand-gravel f i l t e r s .  

F igure  6-3, Dike s e c t i o n  wi th  banquette  

Berms 

Land-side d i t ches  o r  borrow p i t s  must be loca t ed  so t h a t  t h e  berm separa t ing  
d ike  from borrow o r  channel is  wide enough t o  p ro t ec t  t h e  d ike  e f f e c t i v e l y .  
For Class I d ikes ,  t h e  berm and land-side d i t ches  o r  borrow p i t s  must be 
designed s o  t h e  hazard of piping through the  foundation i s  not  increased.  
For Class I1 dikes  t h e  minimum width of berm should be 10  f e e t  f o r  heads of 
water  aga ins t  t h e  d ike  not  g r e a t e r  than 4 f e e t ;  and 15  f e e t  f o r  heads 
g r e a t e r  than 4 f e e t .  For organic s o i l s  minimum berm width should be 25 f e e t .  
I n  a l l  cases  where t h e  top width of t h e  d ike  is l e s s  than 10 f e e t ,  t h e  land- 
s i d e  berm should be a t  l e a s t  10 f e e t  i n  order  t o  be wide enough t o  accommodate 
a  maintenance roadway. 

Construct ion 

Foundation p r g a r a t i o n  

The foundation a rea  of  d ikes  should be c l ea red  of a l l  t r e e s ,  stumps, logs ,  
r o o t s ,  brush,  boulders ,  o r  organic mat te r  which would i n t e r f e r e  wi th  scar-  
i f y i n g  the  area.  A l l  channel banks and sharp breaks should be sloped no 
s t e e p e r  than  one t o  one. Organic s o i l  should be removed from the  foundation 
a rea  unless  t h e  d ike  is  designed f o r  and i s  t o  be cons t ruc ted  from organic  
s o i l .  

Cutoff t renches ,  where used, must be excavated t o  l i n e s  and grades shown on 
the  p l ans ,  and b a c k f i l l e d  with s u i t a b l e  ma te r i a l  a s  s p e c i f i e d  f o r  e a r t h  
embankments. Necessary compaction should be obtained by use of proper equip- 
ment adapted t o  the  s i t e  condit ions.  The t rench  must be kept  f r e e  of s tanding  
water  during b a c k f i l l  opera t ions .  Mater ia l  from t h e  cu to f f  t rench can be  
used i n  the  land s i d e  of d ike  s e c t i o n  when s u i t a b l e .  Where t h e  d ike  crosses  



old  channels ,  objec t ionable  foundation ma te r i a l s  should be removed from the  
base s e c t i o n  of t h e  dike.  No f i l l  should be placed upon a frozen su r f ace ,  
nor  should frozen e a r t h ,  snow o r  i c e  be placed i n  the  dike.  

Embankment cons t ruc t ion  

For Class  I d ikes ,  the  f i l l  ma te r i a l  must be f r e e  of a l l  sod r o o t s ,  f rozen 
s o i l ,  s t ones  over  6 inches i n  diameter ,  and o t h e r  objec t ionable  ma te r i a l .  
Placing and spreading of f i l l  ma te r i a l s  should s t a r t  a t  t he  lowest po in t  of 
t h e  foundation and the  f i l l  brought up i n  h o r i z o n t a l  l a y e r s  o r  l i f t s  of such 
thickness t h a t  t h e  requi red  compaction can be obtained with the  equipment 
used. The r e s u l t i n g  d i s t r i b u t i o n  and gradat ion  of ma te r i a l s  throughout t he  
f i l l  should have no l enses ,  pockets ,  s t r e a k s  o r  l a y e r s  of ma te r i a l  substan-  
t i a l l y  d i f f e r i n g  i n  gradat ion  o r  t e x t u r e  from surrounding ma te r i a l s .  Where 
ma te r i a l s  of varying gradat ion  and t e x t u r e  a r e  necessary,  t he  more impervious 
ma te r i a l  should be placed i n  the  water  s i d e  and cen te r  po r t ion  of t he  f i l l .  
Moisture content  of the  f i l l  ma te r i a l s  must be such t h a t  t he  required com- 
pac t ion  is  obtained with t h e  equipment used. 

For Class I1 dikes ,  t h e  f i l l  m a t e r i a l  should be f r e e  from organic  mat te r  and 
any o t h e r  objec t ionable  ma te r i a l .  The f i l l  should begin on the  lowest p a r t  
of t h e  base and continue i n  ho r i zon ta l  l a y e r s  of approximately uniform th ick-  
ness ,  p re fe rab ly  6 inches t h i c k ,  but  no more than 18 inches th i ck  depending 
upon the  equipment used. The cons t ruc t ion  equipment should be operated over 
t he  a rea  of each l aye r  s o  a s  t o  break up t h e  clods and ob ta in  compaction. 
The impervious ma te r i a l s  should be placed toward t h e  water  s i d e  of t he  dike.  
The f i l l  ma te r i a l s  should be moist but  not  too  wet t o  h inder  equipment opera- 
t i ons .  Water should be added where f i l l  ma te r i a l  is  too  dry f o r  proper 
compaction. 

When Class I1 dikes a r e  cons t ruc ted  with equipment such a s  a  d rag l ine ,  which 
i s  no t  adapted t o  l a y e r  cons t ruc t ion ,  t he  f i l l  may be dumped i n  p l ace  and 
then spread  and shaped by o t h e r  equipment. Excessively wet ma te r i a l s  should 
be placed s o  they w i l l  d r a in .  I f  t h e  m a t e r i a l  slumps excess ive ly  due t o  
wetness,  t h e  dike should be cons t ruc ted  i n  s t a g e s  t o  al low dewatering. 

Class I11 dikes  a r e  usual ly  cons t ruc ted  from s p o i l  excavated from drainage 
d i t ches .  The foundation should be prepared t h e  same a s  f o r  Class I1 dikes.  
Core t renches  a r e  seldom used i n  t h i s  c l a s s  of dike.  The s p o i l  i s  placed 
t o  t h e  requi red  he ight  f o r  t he  d ike  and shaped. I f  t he  s p o i l  is  wet, i t  may 
be s e v e r a l  months before i t  d ra ins  enough t o  permit  shaping. Where add i t i ona l  
s t a b i l i t y  o r  compaction i s  needed, t h e  d ike  should be constructed i n  s t ages .  

Except when constructed from ma te r i a l  excavated from i n t e r i o r  drainage d i t c h e s ,  
t he  borrow f o r  d ikes  is  usua l ly  taken from t h e  water  s i d e  of t he  dike.  
Occasionally i t  i s  necessary t o  ob ta in  f i l l  from t h e  land s i d e  of t h e  d ike ,  
e s p e c i a l l y  when i t  e l imina te s  excavating through h ighly  permeable s t r a t a  on 
the  water  s i d e  which could r e s u l t  i n  excess ive  seepage through the  d ike  dur- 
i ng  f lood  s t ages .  A borrow d i t c h  on the  land s i d e  may be planned a s  a  u n i t  of 
t he  i n t e r i o r  drainage system and the  excavated ma te r i a l  u t i l i z e d  i n  t h e  dike.  
Such a d i t c h  should be f a r  enough away from t h e  d ike  t o  e l imina te  under- 
mining, and i n  accord with t h e  guide l ines  given under "Berms." Phys ica l  
f e a t u r e s ,  such as roads,  r a i l r o a d s  and swamps and t h e  lack  of  a v a i l a b l e  usable  
ma te r i a l  may r equ i r e  t h a t  t he  borrow be t ranspor ted  from a d i s t a n t  poin t .  

When t h e  borrow p i t  i s  loca ted  along t h e  water  s i d e  of t h e  dike,  i t  should be 
i n t e r r u p t e d  a t  i n t e r v a l s  by p lugs ,  a s  t h i s  checks v e l o c i t y  of water  along the  
toe  of the  dike.  They should be spaced a t  i n t e r v a l s  not  t o  exceed 400 f e e t  



f o r  C la s s  I d ikes  and 1320 f e e t  f o r  C la s s  I1 d ikes .  When the  borrow . i s  
s i g n i f i c a n t l y  s t r a t i f i e d ,  t h e  m a t e r i a l  f o r  C la s s  I and 11 d ikes  should be 
zoned f o r  placement. I n  t h i s  way t h e  more perv ious  m a t e r i a l  can be placed i n  
t h e  land  s i d e  a r e a  and t h e  l e s s  perv ious  s o i l  pu t  i n  t h e  c e n t e r  o r  water  s i d e  
of t h e  dike.  

Conduits 

A l l  condui t s  through a  d ike  must be p laced  on a  f i rm  foundat ion.  Se lec ted  
b a c k f i l l  m a t e r i a l  should  be placed i n  l a y e r s  around t h e  condui t s  and each 
succes s ive  l a y e r  thoroughly compacted. Antiseep c o l l a r s  which w i l l  i nc r ea se  
t h e  seep  l i n e  by a s  much as 15  pe rcen t ,  should be used on a l l  condui t s .  

P r o t e c t i o n  from wave a c t i o n  

Dikes i n  an  exposed p o s i t i o n  f ac ing  open wa te r ,  may a t  t imes be s u b j e c t  t o  
t h e  d e s t r u c t i v e  a c t i o n  of waves. P r o t e c t i v e  measures t o  sa feguard  t h e  d ike  
a r e  necessary .  The most widely used p r o t e c t i v e  measures i nc lude :  (a)  heavy 
sod cover ;  (b) f l a t  s l o p e s  on t h e  water  s i d e ;  (c )  e x t r a  top  wid th ;  and 
(d) l o c a t i o n  of d i k e  behind a  wide fo r e sho re ,  100 f e e t  o r  more i n  width 
where p o s s i b l e ,  on which adapted wave-obstructing v e g e t a t i o n  can be es tab-  
l i s h e d .  

An adequate  p r o t e c t i v e  cover of g r a s se s  should be e s t a b l i s h e d  on a l l  exposed 
s u r f a c e s  of t h e  d ike  where t h i s  i s  necessary  t o  p r o t e c t  t h e  d ike  a g a i n s t  
e r o s i o n  by f l ood  f lows ,  wave a c t i o n ,  o r  from r a i n f a l l  and runoff  on t h e  d ike .  
The seedbed p r e p a r a t i o n ,  seed ing ,  f e r t i l i z i n g ,  mulching, and fenc ing  should 
comply w i th  t e c h n i c a l  gu ides  f o r  t h e  a r e a .  

Riprap p r o t e c t i o n  of a g r i c u l t u r a l  d ike s  i s  gene ra l l y  n o t  f e a s i b l e  except  f o r  
Class I d ikes  and s h o r t  exposed s e c t i o n s  of Class  I1 d ikes .  Method ( d ) ,  f o r  
p r o t e c t i o n  from wave a c t i o n ,  i s  t h e  most d e s i r a b l e  because i t  he lp s  t o  
d i s s i p a t e  t h e  waves be fo re  they reach  t h e  d ike .  Bushy vege t a t i on  i s  b e s t  
s u i t e d  f o r  coun te r ac t i ng  wave ac t i on .  This  type  of p r o t e c t i v e  vege t a t i on  
should be  e s t a b l i s h e d  beyond the  borrow d i t c h  and no t  o n , t h e  berm. 

Maintenance 

The d i k e  should be  p a t r o l l e d  p e r i o d i c a l l y  and immediately a f t e r  s eve re  f lood  
s t a g e s .  Conduits through t h e  d ike  should be thoroughly i n spec t ed  a s  they 
a r e  p o i n t s  o f  weakness. Any weakness must be r epa i r ed  t o  prevent  f u r t h e r  
damage and s o  t h e  d i k e  w i l l  cont inue  t o  be e f f e c t i v e .  A good sod cover over  
t h e  d ike  can prevent  e r o s i o n  r i l l s  and reduce t h e  maintenance requi red  f o r  
t h e  d ike .  Trees  and bushy growth should no t  be permi t ted  t o  remain on t he  
d ike .  Rodentsf damage t o  d ikes  may be  s e v e r e  and they  should be discouraged 
from burrowing i n  t h e  d ike .  Mowing o r  c o n t r o l l e d  graz ing  by c a t t l e  i s  
d e s i r a b l e  when t h e  s l o p e s  a r e  3 : l  o r  f l a t t e r .  The graz ing  must be c o n t r o l l e d  
o r  t h e  sod w i l l  be damaged. Hogs should no t  be allowed on t h e  d ikes .  Cont ro l  
of t r e e s  and bushy growth w i th  approved h e r b i c i d e s  w i l l  a s s i s t  i n  t h e  main- 
tenance  of a  sod cover .  

Where sand subs t ra tum e x i s t s ,  a  heavy seepage volume may be expected.  Pumps 
i n s t a l l e d  a t  such l o c a t i o n s  t o  provide  i n t e r i o r  d ra inage  should be r egu l a t ed  
t o  keep t h e  e l e v a t i o n  of t h e  water  i n  t h e  i n t e r i o r  d i t c h e s  a s  h igh  a s  
p o s s i b l e  dur ing  f l o o d  s t ages .  By keeping t h e  d i f f e r e n c e  i n  e l e v a t i o n  of t h e  
o u t s i d e  wa te r  and t h a t  of t h e  i n s i d e  water  t o  a  minimum, t h e  tendency f o r  
seepage water  and sand t o  flow i n t o  t h e  d r a inage  d i t c h e s ,  and t h e  p o s s i b i l i t y  
of bank s loughing ,  l o s s  of c apac i t y  i n  t h e  dra inage  system, and d ike  f a i l u r e  
w i l l  b e  reduced. 
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Scope 

Pumps may be used for disposal. of water from drainage systems when discharge 
by gravity flow cannot be obtained because of inadequate outlets or because 
of backwater from storm or tidal flooding. 

The complexity and requirements for planning, designing, and constructing 
pumping facilities vary substantially from site to site. A dependable and 
economical pumping plant requires detailed investigation and survey of site 
conditions for planning and design. Planning requires consideration of the 
entire drainage system served so that diversions, storage areas, channels 
and outlets are used to best advantage in determining capacity, size, and 
operation of the pumps. Design requires consideration of a combination of 
pumping plant components in regard to the type, size, and capacity of the 
pumps; the kind of power to be used; the shape, size and depth of the sump; 
and between one component and another, as between pumps and sump. 

The essential items in both planning and design of pumping plants will in- 
clude a 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7. 

8 .  

determination of: 

The location of the pumping plant for an effective outlet to the 
entire drainage system, with consideration of an adequate foundation 
for the plant structure, access for the operation and servicing of 
the facility, and economy of installation, 

The required water removal rate, with due consideration of crop 
requirements, protection of associated realty improvements (as 
buildings, access roads, etc.), and the effects of watershed 
characteristics (as topography, size, surface storage, and surface 
and subsoil conditions). 

Auxiliary drainage facilities (as diversions, dikes, reservoirs, 
sumps, and gates) for protecting the facility and minimizing the 
pumping requirements. 

The kind, capacity, size and number of pumps (but excluding their 
design which is a manufacturer's responsibility). 

The type of power and prime mover adaptable to the site conditions, 
and the power requirements, availability, and cost. 

The arrangement and size of forebay, sump, and discharge bay for the 
efficient movement of water through the pumping facility. 

Auxiliary equipment including the operating controls. 

Housing and protection of the pumps and prime movers. 



Other items also important in planning are: 

1. Arrangements for plant construction. 

2. Installation and testing of equipment. 

3. Plant operation, including the facilities and procedures for opera- 
tion, maintenance, repair, and protection. 

Nomenclature and Definitions 

The following is a selected list of terms and parts of a drainage pumping 
plant and their definitions. (See figure 7-1.) Reference should also be 
made to Hydraulic Institute Standards - 12th Edition (1). 

Drainage Pumping Plant - A pumping facility, including one or more pumps, 
power units, and appurtenances for lifting col- 
lected drainage water to a gravity outlet. 

Forebay 

Trash Rack 

Sump 

Radial Flow Pump 

Mixed Flow Pump 

- Supply channel and open reservoir immediately 
adjoining the pumping plant for the collection 
and temporary storage of drainage water. 

- Bar grate between the forebay and sump for ex- 
cluding large floating objects and debris that 
might plug, damage, or otherwise interfere with 
operation of the pumps. 

- Pit, tank, or portion of reservoir within the 
pumping plant (the suction bay) from which col- 
lected water is withdrawn by the pumps. 

- A centrifugal type pump in which the pressure 
for moving water is developed principally by 
action of centrifugal force. Water entering at 
the impeller hub flows radially to the impeller 
periphery. 

- A centrifugal type pump which develops pressure 
by both centrifugal force and the lifting action 
of the impeller on the water. 

Axial Flow (Propeller) Pump - A centrifugal ty'pe pump in which the pressure 
is developed primarily by the lifting action of 
the impeller (propeller blades) on the water. 

Single-stage Pump 

Multistage Pump 

Pump Submergence 

Bottom Clearance 

- Pump having a single impeller. 

- Pump having more than one impeller mounted on 
a single shaft. 

- Vertical distance between inlet of the pump and 
the water surface in the sump. 

- Vertical distance between inlet of pump and 
bottom of sump. 



SURFACE AND SUBSURFACE WATER 

SUBSURFACE WATER ONLY 

Pipe 

schar 



Side  Clearance 

Suct ion  Bowl 

- Horizonta l  d i s t a n c e  between i n l e t  o f  pump and 
nea re s t  p a r t  of sump w a l l .  

- S p e c i a l l y  shaped s e c t i o n  o f  pump which d i v e r t s  
water  t o  t h e  impe l l e r .  

Suc t ion  Be l l  ( o r  Flange) - Flared s e c t i o n  a t  i n l e t  end of pump e i t h e r  a s  
a p a r t  o f ,  o r  d i r e c t l y  a t t ached  t o ,  t he  suc t ion  
bowl o r  a t t ached  t o  a s u c t i o n  p ipe  leading t o  
t h e  s u c t i o n  bowl. 

Foot Valve 

Suct ion  Umbrella 

Suct ion  Pipe 

Discharge Pipe 

F lap  Gate 

Discharge Bay 

Submerged Discharge 

Free  Discharge 

Discharge Siphon 

A i r  Re l ie f  Valve 

Siphon Breaker 

Prime Mover 

D i r e c t  Drive 

B e l t  Drive 

- Check va lve  i n s t a l l e d  a t  i n l e t  end of suc t ion  
p ipe  t o  r e t a i n  water  f o r  pumps r equ i r ing  prim- 
ing .  

- A formed brim sometimes a t t ached  t o  the suc t ion  
bowl t o  reduce d i s tu rbance  a t  the  i n l e t  and 
reduce r equ i r ed  submergence. 

- Pipe leading  from water  supply t o  t he  suc t ion  
bowl of t h e  pump. 

- Pipe leading  from discharge  opening i n  pump t o  
poin t  of d i s cha rge .  

- Free  swinging g a t e  which prevents  backflow of 
water  i n t o  a submerged d ischarge  p ipe  when t h e  
pump i s  no t  ope ra t ing .  

- S t r u c t u r e  o r  pool i n t o  which pump d ischarge  
pipe empties .  

- Pump discharge  through a submerged p ipe .  

- Pump discharge  through an  unsubmerged pipe 
(p ipe  above water  s u r f a c e  i n  dra inage  o u t l e t ) .  

- Sect ion  of  d i scharge  p ipe  which may opera te  a s  
siphon ( a t  l e s s  than  atmospheric p re s su re ) .  

- Device f o r  r e l e a s i n g  a i r  from high  poin t  i n  
d ischarge  p ipe  t o  u t i l i z e  s iphon a c t i o n .  

- Device t o  admit a i r  a t  h igh  poin t  i n  d ischarge  
p ipe  f o r  s topping  siphon a c t i o n .  

- Power u n i t  t o  d r i v e  t h e  pump, a s  an e l e c t r i c  
motor or  an i n t e r n a l  combustion engine. 

- Power t ransmiss ion  by d i r e c t  connect ion between 
s h a f t s  of prime mover and pump without  use  of 
b e l t s ,  g e a r s ,  o r  cha ins .  

- Pare r  t ransmiss ion  from prime mover t o  pump by 
b e l t s  and pu l l eys .  



Right -angle Gear Drive 

Automatic Control 

Semiautomatic Control 

Manual Control 

Float Control 

Electrode Control 

Right angle beveled gears for transmission of 
power from horizontal drive shaft to a vertical 
pump shaft. 

System whereby starts and stops of pumping unit 
are regulated automatically as by a float switch, 
electrode switch, or bubbler unit. 

System whereby pumping unit is started manually 
but stops automatically at a predetermined water 
level or set time interval. 

System whereby pumping unit is started and 
stopped manually. 

Use of float to activate switch for starting 
and stopping pumping unit at predetermined 
water levels. 

Use of a pair of electrodes to activate switches 
for starting and stopping pumping unit at pre- 
determined water levels. 

Need for Pumping 

Sites that require pump drainage usually occupy flat lowlands adjoining 
oceans, bays, tidal estuaries, and lakes; bottom land of large rivers; and 
extensive glaciated areas where the outlets are inadequate or not available. 
Frequently, pumping is more practical than improvement of an existing water- 
course to a gravity outlet because of difficulty in obtaining easements or 
funds to cover cost of construction or subsequent maintenance of an improved 
channel . 

Usually, pumping is required only for short periods of time, such as during 
occurrence of a seasonal high water table, a seasonally high stage of river 
or lake, or at times of floodflow or backwater from storm runoff of irregular 
occurrence. 

In some situations, need for pumping may develop gradually as in river bottoms 
where successive areas of land along reaches of channel are converted from hay 
or pasture to high valued crops and urban or industrial use and subsequently 
enclosed by dikes for protection from flooding. Pumping may become desirable 
or necessary as resulting reductions in river overflow areas cause increased 
frequency and duration of floodflows and corresponding increased periods of 
blockage and impeded drainage discharge. 

Need for pumping inevitably develops in drained organic soils because of land 
subsidence. Pumping may be the most practical way of controlling the subsid- 
ence rate through regulation of the water table level. Pumping may also be 
used in irrigated areas to lower and control water table levels and provide 
for leaching of saline and alkali soils. 

Location of the Pumping Plant 

A wet area may be served by one or more pumping plants. Large areas with 
widely separated outlets may justify more than one plant. However, lower 
construction and maintenance costs, but not necessarily the best dependability, 



u s u a l l y  a r e  obtained when t h e  dra inage  system i s  served by a s i n g l e  pumping 
p l a n t .  

Pumping p l a n t  l oca t ions  a r e  determined c h i e f l y  by topography and ground water  
condi t ions  t o  which the  dra inage  system layout  must be t a i l o r e d .  Normally 
t h e  s i t e  w i l l  be a t  t h e  lowest e l eva t ion  of t h e  a r e a  served and a t  o r  a s  c l o s e  
a s  p o s s i b l e  t o  t h e  b e s t  o u t l e t .  However, o t h e r  f a c t o r s  t o  be considered i n  
a r r i v i n g  a t  the most advantageous s i t e  a r e :  

1. A v a i l a b i l i t y  of forebay s t o r a g e .  

2 .  Required l o c a t i o n  o f  d ikes .  

3 .  A c c e s s i b i l i t y  of powerlines and f u e l  supply roads and t h e i r  adequacy 
f o r  s e w i n g  t h e  p l a n t .  Cost of improvements t o  roads and connecting 
f a c i l i t i e s  f o r  power supply and t h e i r  maintenance. 

4 .  Adequacy f o r  s t r u c t u r a l  foundat ions .  

5.  Ground wa te r  l e v e l s  and t h e i r  f l u c t u a t i o n s .  

6 .  P r o t e c t i o n  from vandalism. 

S i t e s  ad jo in ing  d i t c h e s  o r  watercourses nea r  an o u t l e t  o f t e n  have uns t ab l e  
foundat ions.  B e t t e r  l oca t ions ,  r equ i r ing  lower cons t ruc t ion  c o s t s ,  may be 
found on h ighe r ,  more s t a b l e  ground. I n  such cases  access  channels can be 
cons t ruc ted  a t  t h e  more d e s i r a b l e  s i t e  t o  d e l i v e r  the  water  t o  t h e  pumps and 
from t h e  pumps back t o  t he  stream. 

Incorpora t ing  t h e  Pumping P lan t  i n  t he  Drainage System 

I n  o rde r  t o  minimize t h e  amount of water  t o  be pumped, t h e  runoff  from a l l  
a r e a s  t h a t  can be dra ined  by g r a v i t y  should be d ive r t ed  from the  a r e a  served 
by the  pumps. Where d i r e c t  d ive r s ion  around t h e  pumped a r e a  i s  not f e a s i b l e ,  
t h e  su r f ace  runoff  occurr ing  a t  t h e  low o u t l e t  s t ages  should be discharged by 
g r a v i t y  through g a t e s  i n  the  p ro t ec t ing  d ike  bordering t h e  pumped a r e a  a s  
long a s  t h e  o u t l e t  s t a g e s  w i l l  permi t .  I n  some cases i t  may be necessary t o  
c a r r y  upland runoff  d i r e c t l y  t o  t h e  o u t l e t  between d ikes  cons t ruc ted  through 
the  pumped a r e a .  

The dra inage  system served by t h e  pumping p l a n t  should be designed t o  meet 
dra inage  needs w i t h  a s  complete and uniform coverage of t h e  a r e a  a s  p r a c t i c a l .  
Mains and l a t e r a l s  should be e s t a b l i s h e d ,  a s  f o r  g r a v i t y  systems, through t h e  
n a t u r a l  depressions leading  t o  t h e  o u t l e t .  When p r a c t i c a l ,  lower reaches of 
t he  main d i t c h  should u t i l i z e  a v a i l a b l e  sloughs and ponds s o  a s  t o  i nc rease  
forebay s to rage .  Impoundment i n  such a r e a s  permit a  reduct ion  i n  t h e  s i z e  of 
t he  pumping u n i t  and may a l s o  provide more cons tan t  ope ra t ing  condi t ions  
because of l e s s  f l u c t u a t i o n  i n  t h e  water  s t a g e .  Large s to rage  capac i ty  i n  
such forebay a r e a s  and i n  t h e  suc t ion  bay or  sump of t h e  pumping p l a n t  i t s e l f  
has o t h e r  advantages such a s  reducing the  need f o r  n i g h t  ope ra t ion  i n  the  ca se  
of manually c o n t r o l l e d  pumps, or  conversely,  pe rmi t t i ng  an i n c r e a s e  i n  n igh t  
ope ra t ion  f o r  e l e c t r i c a l l y  operated pumps when cu r r en t  can be obtained more 
cheaply a t  off-peak load  r a t e s ,  and i n  reducing seepage because of smal le r  
head d i f f e r e n t i a l s .  

The p a t t e r n  of t h e  dra inage  system served by t h e  pumping p l a n t  should be 
planned so  as t o  o b t a i n  a  good hydrau l i c  grade l i n e  and nonerosive v e l o c i t i e s  



between t he  sump and t he  most remote p a r t s  of t h e  system dur ing  pump ope ra t i on  
a f t e r  drawdown i s  e s t a b l i s h e d .  A s p l i t  system of mains, l e ad ing  t o  t h e  pumping 
p l a n t  from d i f f e r e n t  d i r e c t i o n s  and having about  equa l  l engths  and c o l l e c t i o n  
a r ea s ,p rov ides  b e t t e r  wa t e r  g r ad i en t s  t o  t h e  sump than  does a  long s i n g l e  main. 
The mains should have ample depth  and c r o s s  s e c t i o n  a r e a  s o  t h a t  flow capac i t y  
can be maintained a s  uniform a s  pos s ib l e  between h igh  and low wa te r  s t ages  a t  
t he  sump. The channel c apac i t y  must be adequate  f o r  pump requirements  and 
flow must be w i t h i n  v e l o c i t i e s  s u s t a i n i n g  channel s t a b i l i t y  when e l e v a t i o n  of 
t he  hyd rau l i c  grade l i n e  a t  t h e  sump i s  a t  low wa te r  (pump-stop Level) s t a g e .  

S t a t i c  L i f t  

S t a t i c  l i f t  i s  t he  he igh t  t o  which pumps must l i f t  wa t e r  under g iven  condi- 
t i o n s .  It: i s  t h e  d i f f e r e n c e  i n  e l e v a t i o n  between water  s t ages  i n  t h e  sump 
and t he  d i scharge  bay o r  o u t l e t  when t h e  d i s cha rge  i s  submerged. When the  
d i s cha rge  i s  not  submerged, d i f f e r e n c e s  between water  s t ages  i n  t h e  sump and 
t he  c e n t e r l i n e  of water  i n  t h e  d i scharge  p ipe  a t  t h e  high poin t  of d i scharge  
determine t he  s t a t i c  l i f t .  

Operat ing l e v e l s  a t  t he  sump a r e  determined by e l e v a t i o n  of land t o  be dra ined  
o r  p ro t ec t ed  from overflow; by hyd rau l i c  grade and opera t ing  l e v e l s  of water  
i n  t h e  mains and l a t e r a l s  of t h e  d i t c h  system lead ing  t o  t he  sump; and by t he  
e l e v a t i o n s  of o u t l e t s  t o  subsur face  d r a i n s  i n t o  t h e  d i t c h  system. Thus s t a t i c  
l i f t s  should be determined a f t e r  t he  dra inage  system t o  be served by t he  pump- 
i ng  p l a n t  has been designed.  

Data r e l a t i n g  t o  forebay,  sump and d i s cha rge  bay should be s t ud i ed  i n  o rde r  
t o  determine t h e  maximum, minimum, and average s t a t i c  l i f t s  f o r  t he  pumps. 
These d a t a  a r e  needed by pump manufacturers  i n  o rde r  f o r  them t o  s e l e c t  and 
supply equipment t h a t  w i l l  ope ra t e  e f f i c i e n t l y  through the  c o n t r o l l i n g  ranges 
of l i f t s  and a l s o  provide adequate  capac i t y  a t  maximum l i f t .  

Optimum s t a g e  

Optimum s t a g e  i s  t he  sump e l e v a t i o n  a t  which it i s  de s i r ed  t o  hold t h e  water  
l e v e l .  

When pumping f o r  subsur face  d r a inage ,  optimum s t a g e  should be a t  t he  l e v e l  
t h a t  w i l l  g ive  dra inage  t o  t he  lowest wet a r e a s .  Optimum s t a g e  may vary  w i t h  
t he  seasons of t he  year  and w i t h  weather  cond i t i ons .  I n  humid reg ions  t h i s  
w i l l  be 4 o r  more f e e t  below t h e  land s u r f a c e  of most of the  a r e a  se rved .  I n  
i r r i g a t e d  a r e a s  of semiarid and a r i d  reg ions  i t  w i l l  be i n  t he  range of 6 t o  
9 f e e t .  I n  a r e a s  of o rganic  s o i l ,  sha l lower  depths  t o  water  t a b l e  should be 
maintained i n  accord w i th  recommendations i n  Chapter 8, Drainage of Organic 
S o i l s ,  and i n  l o c a l  d ra inage  gu ides .  

When s u r f a c e  dra inage  i s  t he  primary cons ide ra t i on ,  optimum s t a g e  should be 
a t  t he  forebay e l e v a t i o n  of t h e  de s ign  hyd rau l i c  grade l i n e  of t h e  dra inage  
system served by t he  pumping p l a n t .  Although t h e  a c t u a l  hyd rau l i c  grade w i l l  
f l u c t u a t e  between s t a r t  and s t o p  e l e v a t i o n s  of t he  pump over  t h e  course of 
t he  pumping cyc l e ,  the  de s ign  hydraul ic  grade  l i n e  de f ine s  both t h e  upstream 
a r e a s  t o  be pro tec ted  and t he  amount of forebay s t o r a g e  a v a i l a b l e  a t  des ign  
f low.  

I f  t h e  amount of s t o r a g e  f o r  t he  planned p r o t e c t i o n  i s  s i g n i f i c a n t ,  pumps 
should be operated i n  such a  manner a s  w i l l  keep s t o r a g e  a v a i l a b l e  f o r  when- 
ever  it may be needed. The s t o p  l e v e l  o f  t he  pump, o r  a t  l e a s t  one of t h e  



pumps i n  a  mu l t i p l e  pump i n s t a l l a t i o n ,  should be a t  t h e  lowest l e v e l  of t he  
planned s to rage  bas in  f o r  which a s a t i s f a c t o r y  pumping ope ra t ion  can be ca r -  
r i e d  o u t .  I n  s e t t i n g  such l e v e l ,  i t  should be kept i n  mind t h a t  pumping water  
too low may not on ly  i nc rease  s t a t i c  l i f t  but a l s o  r e s u l t  i n  s u c t i o n  of a i r  
i n t o  t h e  pump and decreased pumping e f f i c i e n c y .  

The pump-start l e v e l  on au tomat ica l ly  operated pumps should be s e t  s l i g h t l y  
lower than t h e  design hydraul ic  grade l i n e .  I n  a  manually con t ro l l ed  i n s t a l -  
l a t i o n ,  t h e  opera tor  may need t o  a n t i c i p a t e  weather condi t ions  i n  determining 
pump s t a r t  i f  an independent f l o a t - c o n t r o l l e d  o r  s i m i l a r  warning system i s  
not  used . 

When both su r f ace  and subsur face  dra inage  a r e  t o  be handled by t h e  same p l a n t ,  
a  d i s t i n c t i o n  between t h e  two needs t o  be made. Genera l ly ,  more than one 
pump would be requi red  i n  dra in ing  l a rge  a r e a s .  I n  such case ,  a  low volume 
pump would be used f o r  subsurface flow and l a r g e r  capac i ty  pumps f o r  sur face  
flow, w i t h  optimum s t a g e  of each s e t  accord ingly .  I f  a  s i n g l e  pump i s  used 
t o  handle both s u r f a c e  and subsurface dra inage ,  a s  i s  o f t e n  t he  case i n  d ra in -  
i ng  smal l  a r e a s ,  optimum s t a g e  f o r  su r f ace  dra inage  would govern t h e  pump 
s e l e c t i o n  and requirements f o r  subsurface dra inage  would determine the  purnp- 
s t o p  l e v e l .  

Maximum s t a t i c  l i f t  

Maximum s t a t i c  l i f t  i s  the  d i f f e r e n c e  between t h e  pump-stop s t a g e  i n  t he  sump 
and t h e  maximum s t a g e  i n  t he  d ischarge  bay o r  o u t l e t  when the  d ischarge  i s  
submerged. I f  t h e  d ischarge  i s  not submerged, t he  high po in t  i n  the  cen t e r -  
l i n e  of t h e  d ischarge  p ipe  con t ro l s  the maximum e l e v a t i o n  of the l i f t .  Maxi- 
mum s t a t i c  l i f t  should be determined wi th  c a r e  t o  a s s u r e  t h a t  adequate p l a n t  
capac i ty  i s  a v a i l a b l e  dur ing  f lood s t a g e s .  Maximum s t ages  i n  t he  d ischarge  
bay may be determined by e s t a b l i s h i n g  gaging s t a t i o n s  o r  from records obtained 
from the  Weather Bureau, Corps of Engineers ,  U.S. Geological  Survey, munici- 
p a l i t i e s ,  l o c a l  newspaper f i l e s ,  and by inqu i ry  of l o c a l  r e s i d e n t s .  

S tud ie s  of  ope ra t ing  condi t ions  during f lood  periods have emphasized t h e  i m -  
portance of des igning  pumping p l a n t s  f o r  f u l l  c apac i ty  a t  maximum l i f t .  Pumps 
d ischarg ing  i n t o  l a r g e  streams o r  r i v e r s  may need t o  ope ra t e  f o r  s e v e r a l  days 
o r  longer  a t  f u l l  c apac i ty  before  maximum f lood  s t ages  occur i n  t h e  o u t l e t  
and then  continue ope ra t ion  u n t i l  f lood  c r e s t s  have passed. 

Minimum s t a t i c  l i f t  

Minimum s t a t i c  l i f t  f o r  pumps having a submerged d ischarge  pipe can be e s t i -  
mated a s  t he  d i f f e r e n c e  between t h e  minimum s t a g e  of the  d ischarge  bay and the  
optimum s t a g e  of t h e  sump. Where t h e  minimum e l e v a t i o n  of t he  d ischarge  bay 
i s  above t h e  c o n t r o l l i n g  s t a g e  of a  r i v e r  o r  lake and a l s o  some d i s t ance  
removed, advantages of en larg ing  and deepening t h e  connecting channel or  
removing obs t ruc t ions  should be considered.  

Average l i f t  

Pumping e f f i c i e n c y  becomes an important f a c t o r  i n  opera t ing  c o s t s  when p l a n t s  
a r e  operated more o r  l e s s  continuously over  an  extended per iod  of time (as 
much a s  60 t o  90 days f o r  some f a c i l i t i e s ) .  I n  such ca ses ,  t h e  average l i f t  
provides a  b e t t e r  b a s i s  f o r  e s t a b l i s h i n g  the  most e f f i c i e n t  pumping range. 
Where records  of e x i s t i n g  i n s t a l l a t i o n s  a r e  a v a i l a b l e  and t h e  a r e a  and condi- 
t i o n s  a r e  comparable, average l i f t s  can be e s t ab l i shed  from records  of average 



monthly l i f t s  of opera t ing  p l an t s  weighted according t o  the  amount of water  
pumped i n  r e spec t ive  months. 

Pumping P lan t  Capaci ty 

Determining f a c t o r s  

The requi red  capac i ty  of pumping p l an t s  may be determined from (a) dra inage  
c o e f f i c i e n t s  appl ied  t o  t h e  a r e a  served ,  (b) empir ica l  formulas, (c )  a  s tudy  
of e x i s t i n g  i n s t a l l a t i o n s ,  o r  (d) d i r e c t  a n a l y s i s  us ing  hydrologic procedures. 

The capac i ty  s e l ec t ed  f o r  t he  pumping p l a n t  should g ive  cons idera t ion  t o  such 
f a c t o r s  a s  s i z e  of t h e  a r e a  served;  t h e  amount, r a t e  and timing of r a i n f a l l  
and runof f ;  ground water  condi t ions ;  and seepage r a t e s .  

For smal l  a r ea s  of land ranging up t o  a  square mile ,  complete and uniform 
b e n e f i t s  a r e  u sua l ly  necessary and ob ta inab le .  Thus t h e  amount of water  t o  
be pumped should be about t he  same a s  would be requi red  f o r  a  g r a v i t y  dra inage  
system wi th  f r e e  o u t l e t .  Pumping p l a n t  capac i ty  i s  u s u a l l y  determined on a 
d a i l y  r a t e  b a s i s  s o  t h a t  f o r  su r f ace  dra inage  systems t h e  requi red  capac i ty  
can be determined a s  t h e  runoff  from a 24-hour r a i n f a l l  of a  s e l e c t e d  f r e -  
quency of occurrence,  plus base flow, l e s s  allowances f o r  a v a i l a b l e  su r f ace  
and ground water  s to rage .  R a i n f a l l  per iods  exceeding 24 hours may need t o  be 
considered i n  eva lua t ing  a v a i l a b l e  su r f ace  and ground water  s to rage .  Pumping 
p l an t  capac i ty  f o r  removal of ground wa te r  on ly ,  a s  may apply i n  i r r i g a t e d  
a r e a s  of t h e  a r i d  regions o r  a r e a s  of organic  s o i l s  i n  humid r eg ions ,  can be 
determined from the  requi red  capac i ty  of subsur face  dra inage  systems a s  
covered i n  Chapter 4 ,  Subsurface Drainage. However, experience i n  humid 
reg ions  has shown the  n e c e s s i t y  of i nc reas ing  t h i s  r a t e  approximately 20 
pe rcen t .  

A number of i n t e r r e l a t e d  f a c t o r s  need t o  be considered i n  a r r i v i n g  a t  an 
approximate pumping p l a n t  capac i ty  f o r  l a r g e  land a r e a s .  These a r eas  w i l l  
con t a in  smal l  t r a c t s  where p r o t e c t i o n  by pumping i s  n e i t h e r  necessary  nor 
d e s i r e d .  An a r t i f i c i a l l y  depressed water  t a b l e  provides cons iderable  tempo- 
r a r y  ground water  s to rage .  Also,  numerous temporary su r f ace  pondages w i l l  
occur which cannot r e a d i l y  d r a i n  t o  t h e  pump. This  permits  reduct ions  i n  
pumping r a t e s  over runoff  r a t e s  o r d i n a r i l y  provided f o r  f r e e  g r a v i t y  o u t l e t .  

Storage (as  used i n  t h i s  t e x t )  includes runoff  t h a t  moves f r e e l y  i n t o  t he  
voids  of t h e  s o i l  p r o f i l e  above the  normal o r  regula ted  ground water  l eve l  
p lus  t h e  runoff i n  t r a n s i t  t h a t  temporar i ly  f i l l s  up channels ,  s loughs ,  and 
o the r  d i s c e r n i b l e  pondages, inc luding  t h e  innumerable minor depress ions  
s c a t t e r e d  over t he  ground su r f ace .  Any such s to rage  which is  not  d i r e c t l y  
connected wi th  the  forebay of t h e  pump w i l l  reduce pumping peaks but  may 
prolong t h e  flow t o  be handled by the  pumps. 

Pumping r a t e s  a l s o  may be inf luenced  by c o r r e l a t i o n s  of occurrence,  depth 
and du ra t ion  of f lood flows and ground water  l e v e l s  w i th  crop management, 
growth, and to l e r ance  t o  inundat ion .  High water  and overflow i n  w in t e r  and 
e a r l y  sp r ing  usua l ly  present  no problem i n  nor thern  l a t i t u d e s .  Flooding of 
one o r  more days has l e s s  e f f e c t  on hay and g ra s s  crops than on genera l  f i e l d  
c rops ,  whereas pondages of 4 t o  6 hours may des t roy  t ruck  crops .  

Pumping p l a n t  s i z e  may be another  cons ide ra t i on  i n  determining pumping r a t e s  
i n  t h a t  a t  some s i z e  an added increment of capac i ty  w i l l  i nc rease  o v e r a l l  



cons t ruc t ion ,  ope ra t ion ,  and maintenance c o s t s  d i sp ropor t i ona t e  t o  t he  
increment i n  der ived  b e n e f i t s .  

While d a i l y  runoff  provides t he  primary b a s i s  f o r  determining pumping p l a n t  
capac i ty ,  seasonal  d i s t r i b u t i o n  of r a i n f a l l  and runoff  may have cons iderable  
e f f e c t  i n  t h e  f i n a l  a n a l y s i s  and yea r ly  runoff  i s  o f t e n  u s e f u l  i n  e s t ima t ing  
annual ope ra t ing  c o s t s .  

When design pumping r a t e s  f o r  l a rge  a r e a s  have no t  been e s t a b l i s h e d  l o c a l l y ,  
o r  comparable r a t e s  a r e  not  a v a i l a b l e  f o r  e s t a b l i s h i n g  l o c a l  r a t e s ,  es t imates  
of runoff  t o  be pumped can be developed through hydrologic procedures.  Runoff 
s o  determined should be compared wi th  dra inage  c o e f f i c i e n t s  used f o r  g r a v i t y  
d ischarge  f o r  t h e i r  v a l i d i t y  s ince  s to rage  i n  t h e  ground and i n  t h e  innumer- 
a b l e  smal l  su r f ace  depress ions  and t h e  course  and r a t e s  of water  movement t o  
and from such s t o r a g e  and depress ion  a r e a s  on ex t ens ive  f l a t  lands a r e  l e s s  
c l e a r l y  def ined  and accountable than on more s lop ing  topography. 

Base flow i s  der ived  from seepage i n t o  t h e  pumped a r e a s  from uplands, i rr i-  
ga t ion ,  and ad jo in ing  bodies of water .  I n  most s i t u a t i o n s  t he  amount of 
seepage i s  d i f f i c u l t  t o  eva lua t e .  S i g n i f i c a n t  amounts from uplands can be 
reduced a t  some s i t e s  by i n t e r c e p t i o n  and d i v e r s i o n  of s u r f a c e  and shallow 
subsurface  flows and thus  be e l imina ted  from cons ide ra t i on .  When upland 
waters  occur a s  a r t e s i a n  flow wi th in  t h e  pro tec ted  a r e a ,  amounts can be de- 
termined according t o  procedures i nd i ca t ed  i n  Chapter 4 ,  Subsurface Drainage. 
I f  s i g n i f i c a n t ,  such flow should be included i n  t h e  d ischarge  t o  be handled 
by t h e  pumps. 

Large amounts of seepage may occur,  even w i t h  i n s t a l l a t i o n s  of i n t e r c e p t o r s  
and d i v e r s i o n  d r a i n s ,  i f  t h e  pumped a r e a s  have ex t ens ive  borders  a long  i r r i -  
ga t ion  cana l s ,  r i v e r s ,  l a r g e  creeks,  o r  l a k e s .  The amount of  seepage depends 
upon d i f f e r ences  i n  e l e v a t i o n  of water  su r f aces  w i t h i n  and wi thout  t h e  pumped 
a r e a ,  t h e  ex t en t  and permeabi l i ty  of underlaying water-bearing s t r a t a  such a s  
sand and g rave l ,  and the  length  and l o c a t i o n  of d r a i n s  i n  contac t  w i th  such 
s t r a t a .  Seepage i s  o f t e n  a  major source  of  water  i n  pumped a r e a s  along l a r g e  
pe renn ia l  streams where l a r g e  and prolonged head d i f f e r e n c e s  may p e r s i s t  be- 
tween regula ted  o r  f lood flow s t ages  of t h e  channel and low l ay ing  lands 
w i t h i n  t h e  pumped dra inage  a r ea .  

Normally head d i f f e r e n c e s  i n  pumped a r e a s  ad jo in ing  l a r g e  lakes  and some 
c o a s t a l  sho re l ines  a r e  so  small  o r  of such sho r t  du ra t ion  t h a t  seepage r a t e s  
a r e  not  s i g n i f i c a n t  and need not  be considered i n  t h e  pumping r a t e  de tenni -  
na t ion .  However, wind d r iven  t i d e s  i n  some c o a s t a l  s t reams,  e s t u a r i e s  and 
shore  a r e a s  f r zquen t ly  p e r s i s t  f o r  s e v e r a l  days.  This  may cause enough seep- 
age i n t o  the  a r e a  a t  a  time when g r a v i t y  o u t l e t s  a r e  blocked t o  r equ i r e  i t s  
cons ide ra t i on  i n  des ign .  

Small su r f ace  a r e a s  

Where l o c a l  experience f o r  e s t a b l i s h i n g  pumping r a t e s  i s  lacking ,  pumping 
p l a n t  capac i ty  f o r  dra inage  a r e a s  up t o  a  square mi le  i n  ex t en t  may be d e t e r -  
mined from app l i cab l e  dra inage  c o e f f i c i e n t s  o r  may be computed by s imp l i f i ed  
hydrologic procedures.  When such hydrologic procedures a r e  used, a  time 
i n t e r v a l  should be s e l e c t e d  f o r  which p ro t ec t ion  from storm runoff  can be 
j u s t i f i e d  economically. Usual ly a  2-year frequency of occurrence f o r  a  1-day 
du ra t ion  s torm i s  ample f o r  hay and pas tu re  land ,  3 t o  5 years  f o r  r o t a t e d  
cropland (genera l  f i e l d  c rops ) ,  and 10 t o  20 years  f o r  s p e c i a l  high va lue  
crops ( t ruck  c rops ) .  P r e c i p i t a t i o n  f o r  the  24-hour o r  longer  du ra t ion  s torm 



of t h e  s e l e c t e d  recur rence  i n t e r v a l  may be obtained from records  of t h e  near -  
e s t  weather  s t a t i o n  o r  a s  determined from U.S. Weather Bureau Technical  Papers 
40 (4) and 49 (5 ) .  The requi red  pumping capac i ty  should then equal  t h e  o p t i -  
mum runoff  obtained from such p r e c i p i t a t i o n  i n  a  24-hour per iod  o r  

Where Q = 

PI - S g - S c - S f + 4  (Eq. 7-1) 

inches of runoff t o  be removed i n  24 hours 

inches of p r e c i p i t a t i o n  from the  24-hour s torm 
f o r  t h e  s e l e c t e d  frequency of occurrence 

inches of p r e c i p i t a t i o n  i n  temporary ground s to rage  

inches of p r e c i p i t a t i o n  i n  temporary d i t c h  s to rage  

inches of p r e c i p i t a t i o n  i n  temporary forebay s to rage  

inches of base flow (when seepage i s  s i g n i f i c a n t )  

Since ground and d i t c h  s to rage  may not be a v a i l a b l e  i n  a  succeeding 24-hour 
pumping per iod  i f  s torm du ra t ion  extends over  s e v e r a l  days,  a  check of two 
o r  more day storms needs t o  be made i n  determining the  requi red  24-hour pump- 
ing  r a t e .  

For  example, a  200-acre t r a c t  near  Syracuse,  New York i s  used t o  produce t ruck  
crops .  S o i l s  a r e  sandy s i l t  loams. The s i t e  lacks  a n  adequate o u t l e t  and i s  
without  su r f ace  s to rage  a r e a s .  It conta ins  a  system of p a r a l l e l  d ra inage  
d i t c h e s  spaced 200 f e e t  a p a r t  and averaging 4 f e e t  i n  depth.  What capac i ty  
pump should be provided? 

10-year 24-hour r a i n f a l l  
(from Weather Bureau TP 40) 

Temporary ground s to rage  
(2-foot  p r o f i l e  es t imated  
a t  1 inch  per  foo t )  

3.75 inches 

D i t ch  s to rage  -0.33 

Seepage 

Runoff t o  be pumped i n  24 hours 

0.00 - 
1.42 inches 

Required pump capac i ty ,  Qp, i n  g a l l o n s  pe r  minute, equals  

inches runoff )  ( ac re s  dra ined)  
Qp = ( hours pumped x 448.8 

where 448.8 ga l lons  per  minute equals  1 a c r e  inch per  hour 

- - x 448.8 = 5330 o r  s ay  5400 GPM 
24 

As a check on runof f ,  Curve No. 75,  Table 10 .1 ,  NEH Sec t ion  4 (2)  i s  s e l e c t e d !  
a s  a p p l i c a b l e  t o  t h e  s i t e .  Then runoff  f o r  Curve No. 75 i n  F igure  10 .1  
(Standard Drawing ES-1001) NEH Sect ion  4 (2)  i s  determined t o  be 1.50 inches .  
This  i s  approximately equal  t o  t h e  va lue  of 1.42 inches previous ly  determined.  



As a  check on e f f e c t  of l o s s  i n  s to rage  of a  second 24-hour per iod  of pumping 
f o r  a  mult iple-day storm, runoff  d i s t r i b u t i o n  f o r  Type I storm from NEB Sec- 
t i o h  4  i s  determined t o  be about 66 percent  i n  f i r s t  day and 34 percent  i n  
second day. Then: 

F i r s t  Day Second Day 
10-year 48-hour r a i n f a l l  
(from Weather Bureau TP 49) 2.71 inches 1.39 inches 

Temporary ground s t o r a g e  -2 .OO 0 .OO 

Di tch  s to rage  -0.33 0.00 

Seepage 0.00 0 .OO - - 
Runoff t o  be  pumped i n  24 hours 0.38 inches 1.39 inches 

Thus requi red  runoff  t o  be pumped i n  second 24-hour period of a  mult iple-day 
s torm does not  exceed t h a t  t o  be pumped i n  t h e  one day s torm of the  same fre-  
quency of occurrence.  

L a r ~ e  s u r f a c e  a r e a s  

Where t h e r e  a r e  no e s t a b l i s h e d  l o c a l  pumping r a t e s  f o r  l a r g e  a r e a s ,  hydrologic 
procedures may be used t o  develop t h e  runoff  t o  be handled by the  pumps. 
Because h igh  c o s t s  a r e  involved when i n s t a l l i n g ,  opera t ing ,  and maintaining 
l a r g e  pumping p l a n t s ,  and a l s o  because l e s s  uni formi ty  i n  t h e  r e a l i z a t i o n  of 
f u l l  b e n e f i t s  i s  a t t a i n e d  from l a r g e  pumped a r e a s ,  more s p e c i f i c  economic 
eva lua t ions  need t o  be considered i n  such pumping r a t e  de te rmina t ions .  A 
method f o r  e s t a b l i s h i n g  such r a t e s ,  through use  of both hydrologic and eco- 
nomic f a c t o r s ,  has been developed by Adams ( 6 ) .  This  method r e l a t e s ,  f i r s t ,  
t he  pumping r a t e s  and s to rage  t o  hydrologic f a c t o r s  of  t h e  a r e a  served by the  
pump. Next, i t  determines r e l a t i o n s h i p s  of pumping r a t e  t o  benef i ted  a c r e s  
and annual  c o s t s .  F i n a l l y ,  pumping r a t e s ,  annual  pumping c o s t s ,  and average 
d u r a t i o n  of f looding  a r e  r e l a t e d  t o  a  prescr ibed  sump e l e v a t i o n .  See i l l u s -  
t r a t e d  example i n  appendix A .  

I n  developing t h e  r e l a t i o n s h i p s  of pumping r a t e  and s t o r a g e  t o  hydrologic 
f a c t o r s  of t h e  a r e a  served by the pumps, p r i o r i t y  should be given t o  use of 
l o c a l  s t age ,  du ra t ion ,  and frequency records  of runo f f .  T f  t he se  a r e  not  
a v a i l a b l e ,  then runoff may be determined from r a i n f a l l  d a t a  such a s  t h e  
Weather Bureau papers  TP 40 (4) and TP 49 (5 ) .  

Spec i a l  a r e a s  

Formulas have been developed f o r  determining t h e  pumping p l a n t  capac i ty  i n  a  
number of s p e c i f i e d  a r e a s .  These formulas a r e  based on i n v e s t i g a t i o n s  and 
s t u d i e s  of i n s t a l l e d  f a c i l i t i e s .  Examples a r e :  

Upper M i s s i s s i p p i  Va l l ey  (as  repor ted  by Sutton)  (3) 
Maximum p l a n t  c a p a c i t y  may be determined a s  

where C = p lan t  capac i ty  i n  inches pe r  24 hours 

G = dra inage  c o e f f i c i e n t  f o r  s i m i l a r  g r a v i t y  dra inage  
systems i n  inches pe r  24 hours 

r = annual  runoff  t o  be pumped i n  inches 



The va lue  of r ranges from 5 t o  12 inches pe r  year  f o r  pumped a r e a s  having 
cons iderable  g r a v i t y  dra inage ,  13 t o  16 inches p e r  year  f o r  a r e a s  w i th  mod- 
e r a t e  seepage and a l l  runoff  pumped, t o  16 t o  35 inches per  year  f o r  a r e a s  
w i th  heavy seepage. The formula was developed empi r i ca l l y  from observed d a t a  
of pumped a reas  ranging between 6,000 and 52,000 a c r e s  and inc luding  both 
seepage and g r a v i t y  flow. More p r e c i s e  va lues  can be obtained from d a t a  
compiled f o r  i nd iv idua l  pumping p l a n t s .  

F l o r i d a  (South F l o r i d a  and Everglades,  a s  e s t a b l i s h e d  by the  Everglades 
Engineering Board of Review) (3)  

where Q = runoff  i n  c f s  per  square  m i l e  

M = drainage a r ea  i n  square miles  

This  a n t i c i p a t e s  overflow from occas iona l  heavy storms.  Experience wi th  
pumping i n  F lo r ida  has e s t a b l i s h e d  t h e  need f o r  c a p a c i t i e s  pe r  24 hours of 
3 inches  f o r  1 square mi le ,  2  inches  f o r  2 t o  3 square mi l e s ,  and 1 inch  f o r  
10 t o  16 square mi les  f o r  t ruck  crops i n  organic  s o i l s .  A capac i ty  of 1 inch 
per  24 hours i s  considered adequate f o r  sugarcane and pas tu re  land .  

Subsurface dra inage  

Small a r e a s  of 100 a c r e s  o r  l e s s  may have o u t l e t s  adequate f o r  d i s p o s a l  of 
su r f ace  water  but  inadequate i n  depth and capac i ty  f o r  lowering water  t a b l e  
and d i s p o s a l  of ground water .  When d i r e c t  e n t r y  of  su r f ace  wa te r  can be 
excluded from forebay and sump, pumping p l a n t  capac i ty  can be determined a s  
t h e  des ign  capac i ty  of a  subsur face  g r a v i t y  dra inage  system plus  some al low- 
ance f o r  flows t h a t  may occur i n  excess of t h e  des ign  r a t e .  Experience has 
shown an  allowance of 20 percent  a s  ample. Thus 

(Eq.  7-2) 

where Q = pumped d ischarge  capac i ty  
P 

Qg = g r a v i t y  d ischarge  capac i ty  

Design capac i ty  of the  dra inage  system should be based on dra inage  c o e f f i -  
c i e n t s  prescr ibed  i n  Chapter 4 ,  Subsurface Drainage, o r  by l o c a l  dra inage  
guides .  Where prompt removal of s u r f a c e  wa te r  i s  not  provided by su r f ace  
d r a i n s ,  increased  subsurface flow may take  p lace  and thus r equ i r e  cons ider -  
a t i o n  of a h igher  c o e f f i c i e n t .  

Pumping P l a n t  Design 

S e l e c t i o n  of pumps 

I n  s e l e c t i n g  pumps, cons ide ra t i on  must be given t o  t he  type, c h a r a c t e r i s t i c s ,  
c apac i ty ,  head, and number. A t  t h e  same time an  accounting must be made of 
t h e i r  r e l a t i o n s h i p  w i th  t h e  economy of t he  whole pumping u n i t ,  inc luding  t h e  
type and s i z e  of t h e  power u n i t ,  sump, s t r u c t u r e ,  and t h e  p l an t  ope ra t ion .  

Pumps s u i t e d  t o  most a g r i c u l t u r a l  d ra inage  condi t ions  must ope ra t e  e f f i c i e n t l y  
whi le  moving comparatively l a r g e  q u a n t i t i e s  of water  a t  low heads and a l s o  
may be requi red  t o  handle s u b s t a n t i a l  amounts of sediment and t r a s h  i n  t h e  



e f f l u e n t .  For  t he se  reasons e i t h e r  a x i a l  flow ( p r o p e l l e r ) ,  mixed flow, o r  
r a d i a l  flow pumps a r e  commonly used. A l l  a r e  types of t h e  c e n t r i f u g a l  pump. 
A t y p i c a l  p r o p e l l e r  pump i s  i l l u s t r a t e d  i n  f i g u r e  7-2. Information may a l s o  
be obtained from Chapter  8 ,  Sec t ion  15, NEH ( 7 1 ,  USDA Technical  B u l l e t i n  1008 
( 3 ) ,  var ious  pump manufacturers ca t a logs ,  Engineering Soc ie ty  papers and 
s t anda rds ,  and textbooks.  

Axial  flow, mixed flow, o r  r a d i a l  flow c e n t r i f u g a l  pumps e s s e n t i a l l y  c o n s i s t  
of a n  impe l l e r  mounted on a  power s h a f t  w i t h i n  a  cas ing .  Liquid i s  energized 
by t h e  impel le r  b lade  through p re s su re  and increased  v e l o c i t y  w i t h i n  t h e  
cas ing  which serves  a s  a  guide f o r  flow i n t o  and out  of t h e  impel le r .  

Types of pumps 

Axia l  flow o r  p r o p e l l e r  pumps 
The a x i a l  flow o r  p r o p e l l e r  pump may be v e r t i c a l  o r  h o r i z o n t a l ,  w i th  f ixed  
o r  a d j u s t a b l e  b lades  and wi th  one o r  more s t a g e s  i n  t h e  pumping l i f t .  The 
impel le r  c o n s i s t s  of comparatively f l a t  open b lades  on a  small  hub, s i m i l a r  
t o  a  s h i p ' s  p r o p e l l e r ,  bu t  which i s  mounted on a  s h a f t  w i t h i n  a  p ipe  o r  
t ubu la r  housing. Flow i s  a x i a l  o r  p a r a l l e l  t o  t he  s h a f t  and i s  developed by 
t h e  l i f t  o r  push of t h e  water  by t h e  angular  blades a s  t hey  a r e  r o t a t e d  i n  
t he  water  column. (see f i g u r e  7-3 . )  The angu la r  s e t  of t h e  blades on t h e  s h a f t  
determines t h e  head and speed. P r o p e l l e r  pumps a r e  more s e n s i t i v e  than r a d i a l  
flow pumps and b e s t  e f f i c i e n c y  i s  obtained w i t h i n  a  r e l a t i v e l y  narrow range 
of head. Pumps must be operated i n  t h e  range of good e f f i c i e n c y  o r  no i se  and 
c a v i t a t i o n  can occur w i t h  r e s u l t i n g  high opera t ing  c o s t s .  Adjus tab le  blades 
a r e  provided by some manufacturers which permit g r e a t e r  f l e x i b i l i t y  i n  opera- 
t i o n  through v a r i a t i o n  i n  d ischarge  a t  cons t an t  heads,  v a r i a t i o n  i n  head 
under cons tan t  d i scharge ,  and v a r i a b l e  combinations of bo th  head and d i s -  
charge.  Adjustable b lades  a r e  p a r t i c u l a r l y  advantageous on l a r g e  pumps when 
t h e  power supply f o r  s t a r t i n g  loads i s  l im i t ed ,  when i n t e r n a l  combustion 
engines a r e  used, and when water  s t ages  f l u c t u a t e  r a p i d l y ,  a s  may happen when 
sudden upland s torm runoff  occurs o r  where l imi t ed  forebay s to rage  i s  a  
f a c t o r .  

P r o p e l l e r  pumps may be  obtained f o r  dynamic heads of 3 t o  25 f e e t ,  speeds of 
100 t o  1850 RE% and c a p a c i t i e s  exceeding 100,000 ga l lons  p e r  minute. The 
v e r t i c a l ,  f ixed-b lade  s ing l e - s t age  pump is  app l i cab l e  t o  most dra inage  system 
requirements  and i s  t h e  most ex t ens ive ly  used. (See f i g u r e  7-2.)  I n  addi-  
t i o n  t o  s a t i s f a c t o r y  ope ra t ion  a t  heads of l e s s  than 10 f e e t  and a wide range 
i n  capac i ty ,  p r o p e l l e r  pumps r e q u i r e  no priming, a r e  simple i n  cons t ruc t ion ,  
and g e n e r a l l y  a r e  low i n  c o s t .  P r o p e l l e r  pumps r e q u i r e  a  minimum amount of 
f l o o r  space and housing,  where housing i s  needed, Because of t h e i r  h igh  
ope ra t ing  speed, p r o p e l l e r  pumps can u t i l i z e  l e s s  c o s t l y  h igh  speed motors 
and engines .  A disadvantage of t he se  pumps i s  t h a t  t h e  d ischarge  drops o f f  
r a p i d l y  a t  heads above des ign  head and horsepower can inc rease  s i g n i f i c a n t l y  
a t  and near  shut -of f  head. Another disadvantage i s  t h a t  they  a r e  not  r e a d i l y  
a c c e s s i b l e  f o r  c l ean ing  and r e p a i r .  Although smal l  u n i t s  can b e  ho i s t ed  read-  
i l y  above the  w a t e r l i n e ,  l a r g e  u n i t s  u s u a l l y  r equ i r e  ga t e s  and o t h e r  devices 
a s  s top- logs  f o r  c l o s i n g  t h e  sump and a u x i l i a r y  pumps f o r  dewatering i t .  
Large s i z e  v e r t i c a l  pumps a l s o  may n e c e s s i t a t e  unusual ly  deep sumps t o  provide 
s u f f i c i e n t  submergence f o r  p r o t e c t i o n  a g a i n s t  s u c t i o n  and v o r t e x  a c t i o n  which 
cause mechanical v i b r a t i o n  and blade d e t e r i o r a t i o n .  Use of h o r i z o n t a l  o r  
mixed flow pumps u s u a l l y  permit shal lower,  l e s s  c o s t l y  excavat ions and sumps 
but  a r e  themselves more c o s t l y  and r e q u i r e  priming equipment. 
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Figure 7-2,  Propeller o r  a x i a l  flow pump 



Radial F low 
A pump in which the pressure is developed prin- 

cipally by the action of centrifugal torce. Pumps in 
this class with single inlet impellers usually have a 
'specific speed below 4200, and with double suc- 
tion impellers, a specific speed of below 6000. In 
pumps of this class the liquid normally enters the 
impeller at the hub and flows radially to the pe- 
riphery. Radial F low Pump 

(Double Suction) 

- 

Mixed Flow 
A pump in which the head is developed partly by 

centrifugal force and partly by the lift of the vanes 
on the liquid. This type of pump has a single inlet 
impeller with the flow entering axially and discharg- 
ing in an axial and radial direction. Pumps of this 
type usually have a 'specific speed from 4200 to 
9000. 

Mixed F low Pump 

- 

Axial F low 
A pump of this type, sometimes called a propeller 

pump, develops most of its head by the propelling 
or lifting action of the vanes on the liquid. It has a 
single inlet impeller with the flow entering axially 
and discharging nearly axially. Pumps of this type 
usually have a 'specific speed above 9000. 

Axial F l ow  Pump 

Courtesy Hydraulic Institute - See note page 4, Chapter 7 Contents 

Figure 7-3, Classes of centrifugal pumps 



Mixed flow pumps 
Mixed flow pumps u t i l i z e  both l i f t  and c e n t r i f u g a l  fo rce  t o  develop flow which 
i s  p a r t i a l l y  r a d i a l  and p a r t i a l l y  a x i a l .  See f i g u r e  7-3.  Some types of mixed 
flow pumps a r e  q u i t e  similar t o  t he  p r o p e l l e r  pump and the developed flow i s  
l a r g e l y  a x i a l .  An open vaned p r o p e l l e r  i s  used i n  which the  blades a r e  f ixed  
r a d i a l l y  around a con ica l  hub and housed i n  a  s l i g h t l y  enlarged bulbous sec-  
t i o n  of t h e  ca s ing .  These pumps w i l l  ope ra t e  more e f f i c i e n t l y  over a  wider  
range of head and a t  h igher  heads, 10 t o  90 f e e t ,  than t h e  s t r a i g h t  p r o p e l l e r  
type .  Mixed flow pumps a r e  a l s o  cons t ruc ted  wi th  v o l u t e  type cas ings  ( s p i r a l  
shaped w i t h  gradual ly  en l a rg ing  c ros s  s e c t i o n  toward the  d ischarge  f lange)  
and curved impel le r  blades i n  which flow a t  low heads i s  predominantly cen- 
t r i f u g a l .  Mixed flow pumps have an advantage i n  s t a r t i n g  over  t h e  a x i a l  flow 
pump when the  power supply i s  l im i t ed .  These pumps w i l l  a l s o  handle s i l t  and 
t h e  passage of small t r a s h .  

Radial  flow pumps 
Radial  flow pumps opera te  e f f i c i e n t l y  a t  moderate t o  high heads (20 t o  200+ 
f e e t )  and i n  handling l a r g e  amounts of sediment. See f i gu re  7-3.  Liquids 
e n t e r  t h e  impel le r  by suc t ion  and wi th  i nc reas ing  v e l o c i t y ,  move r a d i a l l y  from 
the  hub t o  t h e  end of t he  b lade  and thence i n t o  t he  ca s ing  by c e n t r i f u g a l  
fo rce .  The thrust: a g a i n s t  t h e  ca s ing  w a l l s  converts  t he  developed energy i n t o  
p re s su re  head. Radial flow pumps a r e  e i t h e r  v o l u t e  o r  t u rb ine .  The vo lu t e  
pumps have the  s p i r a l l y  expanded cas ing  a s  previous ly  explained.  The tu rb ine  
type con ta in s  f ixed  expanding vanes i n t o  which the  l i q u i d  i s  f i r s t  t h r u s t  on 
leaving  t h e  impel le r  f o r  conversion of v e l o c i t y  t o  pressure  head before  
moving i n t o  t h e  d ischarge  o r  l a s t  s t a g e  i n  t h e  cas ing .  Hazards of clogging 
make the  t u rb ine  type undes i rab le  f o r  s u r f a c e  dra inage  but  s a t i s f a c t o r y  i n  
deep w e l l  drainage.  Impel le rs  of c e n t r i f u g a l  pumps may be open, semiclosed, 
o r  c lo sed .  I n  t h e  open type,  t h e  b lades  a r e  exposed on a l l  s i d e s  except  
where a t t ached  t o  t h e  r o t o r .  I n  t he  semiclosed type,  blades a r e  mounted on 
a shroud (d i sc  wheel) a t t ached  t o  t h e  r o t o r ,  l eav ing  blades open on one s i d e .  
Open and semiclosed impe l l e r s  w i l l  pass  sediment and small  t r a s h  without  
c logging ,  I n  t h e  c losed  type ,  blades a r e  between twin shrouds leaving  only  
t he  ends of blades open. This  type may c log  and wear excess ive ly  from sand 
and o t h e r  f i n e  ma te r i a l s  i n  dra inage  water .  However, t he  Franc is  impel le r ,  
a c lo sed  type used i n  mixed flow and some types of r a d i a l  flow pumps, i s  w e l l  
s u i t e d  t o  drainage.  I n  t h e  Franc is  impel le r  t h e  vanes a r e  so shaped t h a t  a s  
t he  b lades  cu t  i n t o  t he  column of e n t e r i n g  water ,  t h e  water  i s  f i r s t  moved 
a x i a l l y  before  convert ing t o  r a d i a l  movement. 

Both s i n g l e  and double suc t ion  impel le rs  may be cased i n  r a d i a l  flow pumps. 
The double suc t ion  impel le r  i s  b e t t e r  s u i t e d  f o r  dra inage  because l a r g e r  
c a p a c i t i e s  can be handled f o r  t h e  same head, and end t h r u s t  on t h e  pumps i s  
opposed, thus dynamically balancing up t h e  u n i t .  

F igure  7-4 i s  a  guide t o  s e l e c t i o n  of t h e  type pump based on pumping head and 
q u a n t i t y  of water  t o  be pumped. 

Number of  pumps 

The s i z e  and number of  pumps a r e  determined from t h e  requi red  p l a n t  capac i ty .  
Many farm pumping p l a n t s  w i l l  handle t h e  t o t a l  requirement w i th  one pump. 
For l a r g e  watersheds and where h igh  value crops o r  farmstead improvements 
r e q u i r e  f lood p ro t ec t ion ,  i t  i s  advantageous t o  have two o r  more pumps t o  
provide e f f i c i e n t  pumping over a wider range of pumping r a t e s  and s o  t h a t  a  
breakdown of one pump w i l l  not s t op  a l l  pumping. Experience has shown t h a t  
i n  a  p l a n t  w i t h  two pumping u n i t s ,  the most d e s i r a b l e  range i n  pumping r a t e s  



i s  obtained when one pump has about h a l f  t h e  capac i ty  of t he  o t h e r .  When 
t h r e e  o r  more pumps a r e  used, equal  capac i ty  of a l l  pumps u s u a l l y  i s  most 
s a t i s f a c t o r y .  When both  subsurface and su r f ace  flow a r e  t o  be pumped, one 
pump should be s e l e c t e d  f o r  e f f i c i e n t  ope ra t ion  a t  t h e  head and d ischarge  
requi red  f o r  pumping subsur face  flow. I n  any ca se ,  i t  i s  d e s i r a b l e  t h a t  
t h e  s i z e  of one pump i s  such t h a t  i t  can ope ra t e  cont inuous ly  over  compara- 
t i v e l y  long per iods  without  f requent  s t a r t s  and s t o p s .  Where pumps must 
opera te  over  long per iods  of time, they should be s e l e c t e d  f o r  maximum 
ope ra t ing  e f f i c i e n c y .  Optimum e f f i c i e n c y  of pumps i s  not  e s s e n t i a l  f o r  t he  
s h o r t  per iods  of ope ra t ion  t h a t  u s u a l l y  occur a t  peak s t a g e  o r  d i scharge .  

Pumping requirements 

Performance of pumps 
Performance of  pumps v a r i e s  w i th  head, speed,  d i scharge ,  and horsepower. 
The r e l a t i o n s h i p  and e f f e c t  of these  on e f f i c i e n c y  of t h e  pumping opera t ion  
a r e  e s t a b l i s h e d  by a c t u a l  t e s t s  o r  from t e s t s  of geometr ica l ly  s i m i l a r  pro to-  
types .  These da t a  a r e  compiled a s  c h a r a c t e r i s t i c  performance curves of t h e  
pump a s  i l l u s t r a t e d  i n  f i g u r e  7-5. The curves provide a  b a s i s  f o r  s e l e c t i n g  
t h e  pump t h a t  w i l l  provide t he  most e f f i c i e n t  performance f o r  t h e  requi red  
ope ra t ing  cond i t i ons .  Usual ly such d a t a  a r e  suppl ied  by the  manufacturer.  
Because of t h e  d i f f i c u l t y  of t e s t i n g  w i t h  l a r g e  volumes of water ,  performance 
of most l a r g e  pumps i s  f o r e c a s t  from t e s t s  on small  models. 

To ta l  dynamic head 
To ta l  dynamic head on t h e  pump i s  t h e  s t a t i c  l i f t  p lus  a l l  t h e  l o s se s  i n  t he  
pump, suc t ion  p ipe  and d ischarge  p ipe .  T o t a l  dynamic head can be expressed 

(Eq. 7-3) 

i n  which 

H i s  t h e  n e t  t o t a l  dynamic head i n  f e e t  of wa te r .  
t 

h i s  t h e  d ischarge  pressure  head i n  f e e t  of water ,  measured near  t h e  
d ischarge  f l ange  of t he  pump (gage p re s su re ) .  It i s  p o s i t i v e  i f  the  
p ipe  i s  under pressure  and negat ive  i f  under vacuum a t  t he  point  of 
measurement. 

vd i s  t h e  average v e l o c i t y  i n  f e e t  pe r  second i n  t h e  p ipe  where h  i s  
measured. 

d  

d i s  t h e  e l e v a t i o n  of the  gage measuring hd i n  f e e t  above some r e f e r -  ' ence p lane .  It i s  p o s i t i v e  o r  nega t ive ,  depending upon whether t h e  
gage i s  above o r  below t h e  r e f e r ence  plane.  

h  i s  t h e  s u c t i o n  head, measured near  t h e  suc t ion  f l ange  of t h e  pumps 
S (gage p r e s s u r e ) .  It i s  nea r ly  always negat ive ,  s i n c e  t h e  suc t ion  

p ipe  i s  u s u a l l y  under vacuum. 

v  i s  t h e  average v e l o c i t y  i n  t h e  p ipe  a t  t h e  poin t  where hs i s  measured. 
S 

d  i s  t h e  e l e v a t i o n  of t h e  gage measuring h above t h e  same reference  
S 

plane used t o  determine the  e l e v a t i o n  of t he  gage measuring hd. 



PUMP TYPE SELECTION CHART 
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CHARACTERISTIC CURVES FROM TESTS OF 118 INCH 
MIXED -FLOW PUMP 
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Figure 7-5, Pump characteristic performance curves 



g is acceleration due to gravity, equal to 32.16 feet per second per 
second. 

v v 
2 

s 
Expressions - d 

2 g 
and - are velocity heads in the suction and discharge 

2g 
heads, respectively. 

Actual internal head losses within the pump are hydraulic losses between the 
suction and discharge flanges. In well designed pumps these are quite small. 
They include disc friction and water shear in the sealing ring spaces; fric- 
tion or shock in the volute or diffusion vanes of the impeller; and mechanical 
losses such as friction in the wearing ring and mechanical seal, An account- 
ing of the head losses within pumps is usually covered by pump manufacturers' 
ratings. 

Entrance, friction, and exit losses in the suction and discharge pipes dis- 
sipate a substantial part of the total energy used by the pumping plant. 

Suction pipe head losses 
Suction pipe head losses may be large unless proper attention is given to the 
shape and size of the suction pipe and the approach velocity of water entering 
the pipe, which is affected by the sump geometry and the effect of other pumps 
in the plant, if there is more than one pump. 

Entrance losses at the suction entrance m a y  be kept low by progressively ex- 
panding the diameter of the pipe from the pump flange toward the suction 
entrance or by flaring out the end of the suction entrance. Approach veloc- 
ities in the sump to the suction pipe entrance should be kept under 3 feet 
per second. Normally, manufacturers provide a short suction pipe with flared 
entrance or bell on the vertical type axial flow and mixed flow pumps. Some 
manufacturers also add an umbrella or brim to the inlet edge to reduce further 
any entrance disturbance. Bells are often omitted on small propeller pumps 
made by local machine shops. 

In order to avoid vortex action, flow in the sump toward the suction flange 
should be without swirls and ripples and as direct as possible. This is 
controlled primarily by the sump design and the maintenance of sufficient 
submergence over the suction bell so that vortex action does not develop. 
See criteria included under Sump Dimensions. 

Net positive suction head (NPSH) 
Net positive suction head is the total suction head in feet of liquid deter- 
mined at the suction intake, corrected for datum and vapor pressure. Incor- 
rect determination of NPSH can reduce pump capacity and efficiency and lead 
to cavitation damage. 

(Eq. 7-4) 

where P is atmospheric pressure at pump site in feet 
a 

P is water vapor pressure at operating temperature in feet 
v 

E is submergence of the pump intake in feet 

h is suction losses in the suction pipe 
f 



Pa may be determined from table 7-1; Pv from table 7-2; E preferably from a 
manufacturer's pump catalog but also from (H-C) in figures 7-14 and 7-15; and 
hf from the manufacturer's pump catalog. When the suction bell is attached 
directly to the suction bowl, losses are included in the manufacturer's pump 
curve and hf then is not included in the equation. Temperature of drainage 
water will usually range between 500 and 70° F. and 600 is commonly used for 
design purposes. 

For example: Given a Peerless pump with attached suction bell, 22,000 GPM 
capacity, installed at altitude of 4,000 feet, for water temperature of 
60° F., determine the required NPSH (hsv). 

Referring to figure 7-15 and using value of E obtained from (H-C) in 
figure 7-14 for 22,000 GPM, 

E = (H-C) 
= 125 - 17 
= 108 inches or 9.0 feet 

Referring to table 7-1, Pa for 4,000 feet = 29.2 and table 7-2 where P for 
60' F. = 0.59, v 

= 37.6 feet 

Peerless model studies show that submergence of 6 feet 1 inch is sufficient 
to prevent vortexing. Thus the calculated net positive suction head indicates 
E could be substantially less than that used. 

Discharge pipe losses 
Discharge pipe losses include friction and exit losses. Losses can be com- 
puted from data in NEH Section 5, Hydraulics (8) or King and   rater's Handbook 
of Hydraulics (9). Friction losses in the discharge pipe can be reduced 
greatly by use of larger diameter pipe, usually 2 to 6 inches larger than the 
pump discharge flange. The transition can be made through a short expanding 
section of pipe at the pump flange. Figure 7-6 can be used to determine 
friction losses in steel pipe generally used for discharge pipe from drainage 
pumps. Head loss values in the chart are for riveted pipe and should be 
reduced 30 percent for welded steel or sheet metal pipe. 

For example: Given a 20,000 GPM discharge through a 36-inch diameter pipe, 
determine the velocity head, velocity, and head loss. 

Establish a reference point by entering chart in figure 7-6 at 20,000 GE'M on 
left-hand vertical scale and moving horizontally across to intercept the 
discharge curve for the 36-inch pipe. Next, move vertically upward from the 
reference point to the velocity head curve and thence horizontally to the 
upper right-hand vertical scale. The velocity head is shown as 0.6 foot. 
Next, from the reference point move vertically downward to the bottom hori- 
zontal scale. Velocity is shown as 6.25 fps. Again from the reference point 
move vertically downward to intercept the head loss curve for the 36-inch 
pipe and thence horizontally to the lower right-hand vertical scale. The 
head loss is shown as 0.5 foot per 100 feet. 



Table 7-1, Properties of water at various altitudes 

-- . - 

Altitude Barometric Pressure Atmospheric Pressure 
Feet Inches Hg ps ia Feet Water 

0 (Seasonal) 29.9 14.7 3 3 . 9  

Table 7-2, Properties of water at various temperatures 

Temperature Vapor Pressure Specific Weight Specific Gravity 
Degrees F. ps fa Feet Water PC f 

- - -  

1/ Temperature when specific gravity = 1.0000 - 



VELOCITY HEAD, DISCHARGE, AND FRICTION -HEAD LOSS 
IN RIVETED STEEL PIPES 

V E L O C I T Y  (FEET PER SECOND) 

VELOCITY H E A D ,  DISCHARGE, AND FRICTION-HEAD 
LOSS IN R IVETED STEEL PIPES 

Loss in h e a d  based  on s c o b e y l s  f o r m u l a  " I .  9 

H = K S T  where K s  = 0.  51 

For w e l d e d  s t e e l  or for sheet  m e t a l  p ipe  
3/16" or l e s s  thickness,  reduce h e a d  loss 
30 p e r c e n t .  

E N G I N E E R I N G  D I V I S I O N  - D R A I N A G E  S E C T I O N  
D A T E  February 1971 

Figure 7-6,  Head losses i n  r ive ted  s t e e l  p i p e  
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Head loss through a standard flap gate is quite low. Figure 7-7 contains 
values for various size gates and discharges based on tests carried out a 
number of years ago at the University of Iowa Hydraulics Laboratory by 
Floyd A. Nagler (10). 

Specific speed 
Specific speed expresses a relationship of head, capacity, and speed with 
respect to the suction lift. High speeds without proper suction conditions 
can cause serious trouble from vibrating noise and pitting. The maximum 
head in a single stage impeller is determined by the impeller diameter which 
establishes the peripheral speed and by the strength of the metal in the im- 
peller casing to withstand such peripheral speed. Ordinarily, manufacturers 
limit peripheral speed to about 900 feet per minute to meet requirements of 
impeller castings normally used. By use of special high strength metals, 
impellers have been developed to withstand peripheral speeds beyond 14,000 
feet per minute. 

The Hydraulic Institute has defined specific speed and established standards 
which set upper limits of specific speed with respect to head, capacity, and 
suction lift as they apply to centrifugal pumps (1). Under normal circum- 
stances, adherence to these standards assures freedom from cavitation. See 
figures 7-8, 7-9, 7-10, and 7-11. Figure 7-8 illustrates the characteristic 
profiles of several types of pump impellers ranging from the low specific 
speed radial flaw designs to the high specific speed axial flow designs and 
their general location on the specific speed scales. Specific speed is 
defined as the revolutions per minute to which a geometrically similar im- 
peller would run i f  it were of such size as to discharge 1 gallon per minute 
against I foot head. Specific speed, designated by the symbol. N can be 

s ' 
determined from the following formula: 

(Eq. 7-5) 

where 

N = rotative speed in revolutions per minute 
Q = flow in gallons per minute at optimum efficiency 
H = total head in feet (total discharge head plus total suction lift) 

and Suction Specific Speed, designated as S from 

where N and Q are the same as above 

hsv 
= required NPSH in feet. 

(Eq. 7-6) 

A pump with a high suction lift, say over 15 feet, requires special con- 
sideration in the pump design. This usually results in slow speeds and 
large pumps. If suction lifts can be reduced, smaller and cheaper pumps 
can be used. 



HEAD LOSSES FOR LIGHT F L A P  GATES 
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Figure 7-7, Head Losses for light flap gates 
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Values of Specific Speed. 
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UPPER L IMITS OF SPECIFIC SPEEDS 
SINGLE SUCTION S H A F T  T H R U  E Y E  PUMPS 

HANDLING CLEAR WATER AT 85O F AT SEA L E V E L  

H-TOTAL HEAD IN FEET (FIRST STAGE) 

t E F E R E N C E :  R e ~ r i n t e d  from I 1 STANDARD DWG NO. 

F i g u r e  7-9,  L i m i t s  o f  s p e c i f i c  s p e e d ,  s i n g l e  s u c t i o n ,  r a d i a l  
and mixed f low pumps 

iydroulic lnst~tute Stondards 
2 th  Edition. Copyright 1 9 6 9  by the 
i~draullc Institute, Iz2 42nd St. 
New York, New York 10017 
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UPPER L I M I T S  OF SPECIFIC SPEEDS 
DOUBLE SUCTION PUMPS 

HANDLING CLEAR WATER AT 8 5 O  F AT SEA L E V E L  

H=TOTAL HEAD IN FEET (FIRST STAGE) 

STANDARD DWG. NO. 

E S -  7 2 7  
SHEET 2 O f  3 

DATE February  1971 

R E F E R E N C E :  Reprinted from 
Hydraulic lnstltute Standards 

12th Edition. Copyright 1969 by the 
H~drou l ic  Institute? 122 East 42nd St' 
New York, N e w  York 10017 

Figure  7-10, Limits  of s p e c i f i c  speed,  double suc t ion ,  r a d i a l  
f low pumps 
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UPPER LIMITS OF SPECIFIC SPEEDS 
SINGLE SECTION, MIXED AND A X I A L  FLOW PUMPS 

HANDLING C L E A R  WATER AT 85O F AT SEA L E V E L  

H =TOTAL HEAD IN F E E T  (FIRST STAGE) 

Figure  7 - 1 1 ,  Limits  of s p e c i f i c  speed,  s i n g l e  s u c t i o n ,  mixed 
and a x i a l  flow pumps 

R E F E R E N C E  : Reprinted from 
Hydraul ic  Institute Stondords 

12th E d ~ t ~ o n .  Copyright 1969  by the 
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Table 7-3 provides a useful guide for classifying pumps according to specific 
speed and the magnitude of pressure. 

Table 7-3, Pump classification according to speed and pressure magnitude 

Constant Constant Constant Head 
N Speed and Speed and Capacity Range 
s Type 

Capacity Pressure and Head (in feet) Pump 

Low high 1 ow low Radial or 
2,000 pressure capacity speed 200-l- partial 

Francis type 
centrifugal 

Medium med ium medium medium Radial and 
1,500-5,000 pressure capacity speed 20 to 200 Francis type 

centrifugal 

High 1 ow high high Mixed flow 
4,000-9,000 pressure capacity speed 10 to 90 or propeller 

8,000-20,000 3 to 20 Propeller 

Pump size 
Pump size should be based on heads and speeds when the pumps are operating at 
or near maximum efficiency. Discharge velocities under these conditions will 
range between 9 and 13 feet per second for a properly sized pump. For pur- 
poses of establishing approximate size in the preliminary design of drainage 
pumping plants, 10 feet per second can be taken as most commonly applicable. 
The required pump size can then be computed by dividing the required capacity 
by the average discharge velocity selected. Table 7-4 gives pump sizes for 
various capacities and discharge velocities. With the pump size and static 
lift established, approximate suction and discharge heads can be computed. 

Pump size can be determined on the basis of specific speeds from performance 
curves of tested prototypes or prototype models. These should be available 
for various types and sizes from leading pump manufacturers, government agen- 
cies such as the Corps of Engineers, Bureau of Reclamation, Soil Conservation 
Service, and others. Additional tests of performance should not be necessary 
except in unusual circumstances. 

In the case of small pumps tests may be made directly. In the case of large 
pumps tests on similar small models can be made. Then, based on specific 
speeds and performance of such prototypes, the characteristics of the large 
pumps can be established accurately from the characteristic curve of size, 
speed, and submergence of the model. In most cases these are more accurately 
determined from direct field tests of a prototype because of the difficulty 
of obtaining accurate field test measurements when large volumes of water are 
involved. Model tests must duplicate closely the flow conditions in both 
suction and discharge to provide reliable prototype characteristics. 

The following are the basic equations given by the Hydraulic Institute to 
correlate model and prototype values. 



SIZE, C A P A C I T Y  AND DISCHARGE RATES 

Pump S ize  DISCHARGE VELOCITY I N  FEET PER SECOND 
Inches 9 10 11 12 13 

PUMP CAPACITY - CUBIC W E T  PER SECOND 

10 5 .O 5.5 6.1 6.6 7.2 
12 7.1 7.9 8.7 9.5 10.3 
14 9.6 10.7 11.8 12.8 13.9 
16 12.6 14.0 15.4 16.8 18.2 
18 15.9 17 -7 19.5 21 -2 23 .O 
2 0 19.6 21.8 24 .O 26.2 28.3 
22 23.8 26 -4 29 .O 31.7 34.3 
24 28.3 31.4 34.5 37.7 40.8 

I 
26 33.2 36.9 40.6 44.3 48.0 
28 38.5 42.8 47.1 51.4 55.6 
3 0 44.2 49.1 54.0 58.9 63.8 
3 6 63.6 70.7 77.8 84.8 91.9 
42 86.6 96 -2 105.8 115.4 125.1 
48 113.1 125.7 138 - 3  150.8 163.4 
54 143.1 159 .O 174.9 190 -8  206.7 
6 0 176.7 196 - 3  215.9 235.6 255.2 

Pump Size DISCHARGE VELOCITY I N  FEET PER SECOND 
Inches 9 10 11 12 13 

PUMP CAPACITY - GALLONS PER MINUTE 

R F F F R F N C E  1 1 STANDARD DWG. NO. 

I U. S. D E P A R T M E N T  O F  A G R I C U L T U R E  

S O I L  C O N S E R V A T I O N  SERVICE I E S -  7 2 8  
S H E E T  I  Of 1 I E N G I N E E R I N G  D I V I S I O N  - D R A I N A G E  S E C T I O N  1 D A T E  February 1971 

Table 7-4, Pump s i z e  according t o  capaci ty  and discharge v e l o c i t y  



7-33 

r ep re sen t s  t h e  model and P t he  p ro to type  then  

S p e c i f i c  Speed of M - - Diameter of P Head of M i n  f e e t  
S p e c i f i c  Speed of P Diameter of M ' Head of P i n  f e e t  

and 

Capaci ty of M i n  GPM - Diameter of M - 
Capaci ty of P i n  GPM Diameter of P  

Power and d r i v e s  

Both e l e c t r i c  motors and i n t e r n a l  combusion engines a r e  used a s  power u n i t s  
f o r  d r a inage  pumps. Primary cons ide ra t i ons  i n  s e l e c t i n g  power equipment f o r  
d ra inage  pumps a r e  r e l i a b i l i t y  of ope ra t i on  dur ing  t imes when pumps must be 
used,  a v a i l a b i l i t y  of power and f u e l ,  i n i t i a l  and ope ra t i on  c o s t ,  annual  use ,  
and frequency and d u r a t i o n  of pumping. 

E l e c t r i c  motors 
E l e c t r i c  motors a r e  f r e q u e n t l y  p r e f e r r e d  because of t h e i r  s i m p l i c i t y  and 
low upkeep. V e r t i c a l  types  a r e  w e l l  s u i t e d  t o  most d ra inage  i n s t a l l a t i o n s .  
Usua l ly  they  can be connected d i r e c t l y  t o  pumps wi thout  s p e c i a l  t ransmiss ion  
u n i t s  and r e q u i r e  l i t t l e  bu i l d ing  space .  Also,  e l e c t r i c  motors a r e  e a s i l y  
adapted t o  automatic  c o n t r o l s .  However, cons ide ra t i on  must be given t o  t he  
p o s s i b i l i t y  of d i scont inuance  o r  i n t e r r u p t i o n  of  power during s eve re  s torms .  
Also,  power c o s t s ,  both i n s t a l l a t i o n  and ope ra t i on ,  may be exces s ive ,  par -  
t i c u l a r l y  i n  r u r a l  a r e a s  where h igh  vo l t age  l i n e s  a r e  not  r e a d i l y  a v a i l a b l e .  
Power c o s t s  may inc lude  both a  primary charge based on capac i t y  of t he  
e l e c t r i c  motors and a  c u r r e n t  charge based on t h e  amount of c u r r e n t  used. 
When the  primary charge i s  t h e  g r e a t e r  p a r t  of power c o s t s ,  p l a n t  e f f i c i e n c y  
becomes l e s s  important  than  when a  high k i lowat t -hour  charge i s  made. 

E i t h e r  a  squ i r r e l - cage  ( induc t ion)  o r  synchronous motor can be used f o r  power- 
i ng  dra inage  pumps. These a r e  ob t a inab l e  i n  s i z e s  and speed ranges meeting 
most needs.  A squ i r r e l - cage  motor i s  t h e  cheapes t  type of motor and i s  almost 
u n i v e r s a l l y  used on smal l  t o  medium s i z e d  pumping i n s t a l l a t i o n s  us ing  e l e c t r i c  
power. A synchronous motor i s  more c o s t l y  but  a l s o  s l i g h t l y  more e f f i c i e n t  
than t h e  s q u i r r e l  cage,  r e q u i r e s  l e s s  exac t  alignment on t he  s h a f t ,  and t he  
power f a c t o r  can be kep t  cons tan t  o r  v a r i e d .  See f i g u r e  7-12 f o r  genera l ized  
a p p l i c a t i o n  ranges f o r  two types of motors .  F i n a l  s e l e c t i o n  should be based 
on a  motor manufac turer ' s  recommendations. 

S t a r t i n g  torques a r e  low on c e n t r i f u g a l  pumps of t h e  nonclog t ype .  S t a r t i n g  
to rques  a r e  high on f i xed  b lade  p r o p e l l e r  and mixed flow pumps and they  a r e  
h ighe r  than  t he  f u l l  load torque  a f t e r  t he  pumps a r e  i n  ope ra t i on .  When 
l i m i t a t i o n s  i n  s t a r t i n g  c u r r e n t  e x i s t ,  o r  vo l t age  r e g u l a t i o n  on incoming cur-  
r e n t  i s  poor ,  s q u i r r e l  cage motors,  which have low s t a r t i n g  to rques  cannot be 
used f o r  t he  l a r g e r  s i z e s  of a x i a l  flow pumps except  when such pumps have 
a d j u s t a b l e  b lades  o r  when they  a r e  v o l u t e  type  pumps f o r  which wa te r  can be 
depressed below t h e  impe l l e r  dur ing  t h e  pump s t a r t .  I n  synchronous motors 
s t a r t i n g  torques a l s o  depend upon a  s q u i r r e l  cage winding which i s  necessary  
i n  t he  i n i t i a l  s t ages  of motor e x c i t a t i o n  and may cause h igh  momentary loads 
i n  t he  powerl ine.  Capac i tors  can be i n s t a l l e d  i n  t he  motors t o  a d j u s t  f o r  
incoming l i n e  vo l t age  drops .  
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I n t e r n a l  combustion engines 
I n t e r n a l  combustion engines may be ga so l i ne ,  f u e l  ga s ,  o r  d i e s e l  powered. 
Commercially a v a i l a b l e  ga so l i ne  engines u s u a l l y  provide t h e  lowest o v e r a l l  
c o s t  a l though opera t ing  c o s t  i s  u s u a l l y  h igh .  D ie se l  o r  f u e l  gas  ope ra t i on  
i s  u s u a l l y  more economical when annual  ope ra t i on  exceeds 800 hou r s .  I n t e r n a l  
combustion engines a r e  advantageous i n  t h a t  they  can be operated a t  v a r i a b l e  
speeds,  and w i t h  adequate f u e l  s t o r a g e  f a c i l i t i e s  a r e  reasonably f r e e  from 
supply hazards of d e l i v e r y  f a i l u r e s  dur ing  s torms.  Less d e t e r i o r a t i o n  occurs  
and l e s s  f requent  engine check runs a r e  necessary  i n  d i e s e l  than gaso l i ne  
u n i t s  when long s tandby i n t e r v a l s  occur  between pump ope ra t i ons .  

Power d r i v e s  
Power d r i v e s  f o r  d ra inage  pumps may be by d i r e c t  connect ion,  90-degree gear-  
box, V o r  f l a t  b e l t ,  and t r a c t o r  power t a k e o f f .  D i r e c t  d r i v e  i s  l im i t ed  t o  
d i r e c t  hookup of motor and pump w i t h  t h e  same ope ra t i ng  speeds.  Hookup i s  by 
d i r e c t  o r  f l e x i b l e  coupling and no l o s s  i n  power i s  ob ta ined .  The gearbox i s  
t h e  most dependable and commonly used t ransmiss ion  f o r  t he  v e r t i c a l  pumps and 
i n t e r n a l  combustion engines .  Combinations of gears  a r e  provided t o  permit 
both pump and engine t o  be opera ted  a t  t h e i r  most e f f i c i e n t  speeds .  Power 
l o s s  through such connect ions i s  5 percent  o r  l e s s .  Mu l t i p l e  V b e l t  d r i v e s ,  
though l e s s  c o s t l y  than t h e  gearbox, a r e  s l i g h t l y  l e s s  e f f i c i e n t  w i th  t he  
power l o s s  ranging from 5 t o  10 pe rcen t .  They a r e  much more e f f i c i e n t  than 
f l a t  b e l t s  and can be opera ted  s a t i s f a c t o r i l y  i n  confined space w i th  on ly  
s h o r t  d i s t a n c e s  between p u l l e y s .  F l a t  b e l t s  a r e  t he  l e a s t  e f f i c i e n t ,  ranging 
from 20 t o  30 percent  power l o s s ,  depending upon the  p u l l e y  type and s i z e ,  
s l i ppage ,  and t w i s t .  They can  be used w i t h  smal l  pumps employing farm t r a c -  
t o r s  f o r  power. T rac to r  power t a k e o f f s  can  be used i n  p lace  of t he  f l a t  b e l t s  
bu t  may r e q u i r e  some gear  o r  pu l l ey  type  speed in te rchanging  device  t o  match 
t h e  ope ra t i ng  speed of the  pump. There i s  u s u a l l y  a  power l o s s  of 10 t o  15 
percent  i n  t he  gear ing  w i t h i n  t he  t r a c t o r .  

Power requirements  
The c a p a c i t y  of t h e  power u n i t s  i s  measured i n  horsepower. One horsepower is 
equa l  t o  33,000 foot-pounds per  minute, 2,545 BTU per  hour ,  o r  0.746 k i l o w a t t s .  

Water horsepower (WHP) is  t h e  r equ i r ed  ou tput  of t h e  pumps. 

where Q i s  d ischarge  i n  g a l l o n s  per  minute 
w is t h e  weight of water  i n  pounds per  g a l l o n  
and H t  is 

WHP 

when weight 

t o t a l  head of water i n  f e e t  

- - - -  Ht - 0.0002526 Q Ht  (Eq. 7-7) 
3 ,960  

of water  a t  68' F.  i s  8.34 pounds per  g a l l o n  

Brake horsepower (BHP) i s  t h e  power i npu t  of t h e  pumps o r  i s  t h e  requi red  
ou tput  of engines o r  motors ,  inc lud ing  power l o s s e s  i n  power u n i t s  and pumps. 



where ep is the efficiency of the pump, et the efficiency 
of transmission of power between engine or motor and pump, 
and em the efficiency of the engine or motor 

therefore 
0 .OOO2526 Q H, 

BHP = 
L 

e e e  
P t m  

(Eq. 7-8) 

Performance curves indicating engine and motor characteristics are available 
from most manufacturers. Performance curves are determined from dynamometer 
tests. Tests on engines usually are based on stripped down units without 
mufflers, cooling fans, etc. Loss of power from these accessories plus ef- 
fects of continuous application of loads may require an approximate 20 percent 
increase in horsepower requirements over that shown by the manufacturer. 

In estimating required horsepower to be used by the pumping units, efficiency 
of the several unit components (when in good condition and operated at rated 
capacity) can be taken as 90 percent for electric motors, 80 percent for 
diesel engines, 70 percent for water-cooled gas engines, 60 percent for air- 
cooled gas engines, 100 percent for direct connected transmission, 95 percent 
for gearbox transmission, 90 percent for V belt transmission, 80 percent for 
flat belt transmission, and between 65 and 80 percent for pumps, 

For example, determine the required horsepower of a water-cooled gas engine, 
gearbox connected to a 10,000 GPM propeller pump operated at a 10-foot total 
head. The manufacturer's rating curve for the pump indicates an efficiency 
of 79 percent. 

BHP = 
0.0002526 x 10,000 x 10 

0.79 x 0.95 x 0.70 

~ h u s  an engine of rated horsepower twice water horsepower is required. 

Since the pumping unit should operate satisfactorily under all operating 
conditions, characteristics of both pump and power unit should be considered 
for starting load, load at shutoff, and load for total heads less than the 
maximum . 
Operating controls 

Both automatic and manual controls may be used in the operation of drainage 
pumping facilities. Alternate manual controls must be provided where auto- 
matic controls are used. 

The use of automatic start and stop controls are well suited to installations 
where short operating cycles are necessary, where the installation is remote, 
and where there is a shortage of competent operators. Automatic controls may 
deteriorate due to long periods o f  disuse and thus require frequent inspec- 
tions and maintenance to assure good operation. 

Short cycling as the result of water surface drawdown or water oscillation in 
the sump can be prevented by at least two methods. In the first method, 
locate the water level sensing device far enough upstream from the pumps so 



t h a t  i t  i s  unaf fec ted  by l o c a l  drawdown. I n  t h e  second method, s e t  t h e  on-off 
l e v e l s  s u f f i c i e n t l y  f a r  a p a r t  s o  t h a t  l o c a l  drawdown w i l l  not t u r n  pumps o f f .  
I f  a  minimum water  l eve l  f l u c t u a t i o n  i s  r equ i r ed ,  the  f i r s t  method i s  most 
s u i t a b l e .  I f  some f l u c t u a t i o n  i s  a l lowable ,  t h e  second method may be used.  

Many devices  a r e  a v a i l a b l e  f o r  sens ing  wa te r  depths f o r  automatic  c o n t r o l .  
Among the  most common a r e  f l o a t  type switches,  e l e c t r o d e s ,  bubbler  tubes ,  
b e l l s ,  and diaphragms. There a r e  o t h e r  e l e c t r i c  sensors  a v a i l a b l e ,  bu t  they 
have not  been widely adopted f o r  dra inage  work. 

I n  some loca t ions ,  openings t o  automatic  c o n t r o l s  r e q u i r e  screening  aga ins t  
e n t r y  of smal l  rodents  o r  i n s e c t s  such a s  "mud" wasps, whose cons t ruc t ion  of 
n e s t s  i n  t h e  equipment may prevent  the func t ioning  of t h e  c o n t r o l s .  

I n  a r e a s  where low temperatures  a r e  experienced p ro t ec t ion  a g a i n s t  f r eez ing  
may be necessary ,  such a s  a  hinged ga t e  o r  c u r t a i n  enc losure  of t h e  sump 
opening above the  wa te r l i ne  and heated w e l l  housing f o r  f l o a t  c o n t r o l s .  

F loa t  a c t i v a t e d  switches a r e  perhaps t he  most common type of c o n t r o l  used. 
The b a s i c  ope ra t ion  i s  t h a t  a  f l o a t  i s  suspended by a  s t a i n l e s s  s t e e l  tape 
which t r a v e l s  over a  sheave t o  a  counterweight .  The sheave is  connected 
t o  the  meter swi tches .  A change i n  t he  water  su r f ace  e l eva t ion  changes the  
p o s i t i o n  of t h e  sheave, thus a c t i v a t i n g  t h e  swi tch .  See f i g u r e  7-13. 
Adjustment of t he  water  l e v e l  s e t t i n g s  a r e  made a t  the  switch.  The f l o a t ,  
t ape ,  and counterweight a r e  vulnerable  t o  damage by d e b r i s ,  i c e ,  and vandal- 
i s m ,  thus  enc losure  i n  a  w e l l  i s  u sua l ly  necessary .  The tape ,  sheave, and 
f l o a t  must be of s t a i n l e s s  s t e e l  o r  o t h e r  co r ros ion  r e s i s t a n t  m a t e r i a l .  
Algae, moss, and scum can f o u l  t h e  f l o a t  and tape  and prevent proper  opera t ion  
of t h e  pumps. There i s  a  d e f i n i t e  phys i ca l  l i m i t a t i o n  on how remote t he  
switch can be from t h e  f l o a t .  

E lec t rodes  a r e  now used widely a s  c o n t r o l s .  The bas i c  ope ra t ion  i s  t h a t  t he  
changing l e v e l  of water  completes o r  breaks e l e c t r i c a l  c i r c u i t s ,  thus a c t i -  
va t ing  r e l a y s  c o n t r o l l i n g  t h e  pumps. See f i g u r e  7-13 f o r  a  s imp l i f i ed  sche- 
matic  diagram. When t h e  water  l e v e l  con tac t s  the  s t a r t  e l e c t r o d e  a  complete 
c i r c u i t  w i l l  occur through the  r e l a y  through t h e  water  t o  t h e  ground. The 
r e l a y  w i l l  c l o se  both c o n t a c t s ,  s t a r t i n g  the pump and a l s o  completing a  
" lock-in" c i r c u i t  through t h e  r e l a y ,  t he  r e l a y  con tac t ,  and t h e  water  t o  t h e  
ground. Pumping w i l l  cont inue  when the  water  l e v e l  drops below t h e  s t a r t  
r e l a y  because of the  "lock-in" c i r c u i t .  When the  water  l e v e l  drops below t h e  
s t o p  e l e c t r o d e  the  "lock-in" c i r c u i t  i s  broken and the  r e l a y  con tac t s  open, 
s topping  the  pump. The r e l a y  w i l l  not be energized when the  wa te r  l e v e l  
reaches the  s t o p  e l ec t rode  because t he  r e l a y  contac t  i s  open. The cyc l e  de- 
s c r ibed  w i l l  r epea t  when t h e  water  l e v e l  reaches t he  s t a r t  e l e c t r o d e ,  There 
a r e  no moving p a r t s  i n  t h e  water ,  t h e r e f o r e  t h e  chance of damage i s  l e s s  than 
f o r  a  f l o a t  system. The e l ec t rodes  can be placed remotely from the  r e l a y .  
Systems a r e  a v a i l a b l e  us ing  ve ry  low vo l t age  thus  e l imina t ing  any chance of 
a c c i d e n t a l  shock. To change water  l e v e l  s e t t i n g s  i t  i s  necessary  t o  move 
the  e l e c t r o d e s .  Experience t o  d a t e  i n d i c a t e s  e l ec t rodes  c u r r e n t l y  a v a i l a b l e  
may become de fec t ive  a f t e r  s e v e r a l  years  i n  use  and should be t e s t e d  p e r i -  
o d i c a l l y  t o  determine need f o r  replacement. 

The bubbler  tube system i s  widely used i n  sewage treatment  a p p l i c a t i o n s  be- 
cause of  t he  inherent  nonclogging ope ra t ion .  See f i g u r e  7-13 f o r  a  s imp l i f i ed  
diagram of opera t ion .  A i r ,  o r  o the r  gas ,  i s  bubbled s lowly a t  a  cons tan t  r a t e  
of flow through a  small  tube and discharged f r e e l y  i n t o  the  water  a t  a  f i xed  
e l e v a t i o n .  The pressure  w i t h i n  t h e  tube i s  t h a t  due t o  t he  depth of water  
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over  t h e  end of t h e  bubble tube.  The p re s su re  i n  t he  tube can va ry  a s  t h e  
wa te r  dep th  above t he  o r i f i c e  v a r i e s .  The a i r  i s  suppl ied  by a n  a i r  compres- 
s o r  t o  a p re s su re  tank.  From the  p r e s su re  t ank  t h e  a i r  passes  through f i l t e r s  
t o  remove o i l ,  d i r t ,  and wa te r .  A p r e s su re  reducing va lve  lowers t he  a i r  
p r e s su re  t o  a  va lue  which i s  s l i g h t l y  g r e a t e r  t han  t h a t  r equ i r ed  f o r  a i r  flow 
a t  t h e  maximum water  l e v e l .  The a i r  then passes  through a  flow r e g u l a t o r  
va lve  which maintains  a  cons t an t  bubble r a t e  r ega rd l e s s  of t he  back p re s su re  
from t h e  r i v e r .  The a i r  then  passes  t h e  p r e s su re  a c t i v a t e d  swi tch  and bub- 
b l e s  from the  end of t he  bubble tube  t o  t h e  s u r f a c e  of the  wa te r .  The a i r  
p r e s su re  v a r i a t i o n s  caused by water  depth changes a c t i v a t e  t he  p r e s su re  switch 
thus  c o n t r o l l i n g  t he  pump. A pre s su re  t ank  of n i t r ogen  gas may be used i n -  
s t e a d  of a n  a i r  compressor.  Ni t rogen  gas i s  o f t e n  used because it i s  cheap, 
r e a d i l y  a v a i l a b l e ,  i n e r t ,  s a f e ,  d ry ,  and about t h e  same weight a s  a i r  i n  t he  
atmosphere. I f  the  bubble r a t e  i s  kep t  low a 116 cubic foo t  c y l i n d e r  w i l l  
l a s t  about  1 year .  The a i r  l i n e  should be of smal l  diameter .  Almost any 
m a t e r i a l  can be used f o r  t h e  a i r  l i n e ,  i nc lud ing  s tandard  water  p ipe ,  copper 
tub ing ,  p l a s t i c  tubing,  o r  hose .  Small l eaks  i n  t he  l i n e  can be compensated 
f o r  and w i l l  no t  i n t e r f e r e  w i th  proper  ope ra t i on .  The switch can be remote 
from t h e  bubbler  tube.  Water l e v e l  adjustment  i s  done a t  t he  swi tch .  The 
diaphragm type of sens ing  device  c o n s i s t s  of a  neoprene diaphragm placed 
ac ros s  t h e  opening of an a i r  chamber submerged i n  water .  See f i g u r e  7-13. 
An a i r  l i n e ,  c a l l e d  a  c a p i l l a r y  t ube ,  ex tends  from t h e  a i r  chamber t o  a  pres -  
s u r e  a c t i v a t e d  switch.  An inc rea se  of wa te r  dep th  over  t he  diaphragm causes 
t he  diaphragm t o  move i n t o  t h e  a i r  chamber, which causes the  a i r  p r e s su re  
w i t h i n  t he  a i r  chamber t o  i n c r e a s e .  The i n c r e a s e  of a i r  p r e s su re  i s  t r a n s -  
m i t t ed  t o  t he  pressure  a c t i v a t e d  swi tch ,  which i n  t u r n  s t a r t s  t he  pump. 
There a r e  no moving p a r t s  i n  t h i s  system, no a i r  compressor o r  gas  c y l i n d e r  
i s  needed, and t he  switch can be l oca t ed  a t  a  po in t  remote from the  diaphragm. 
The s m a l l e s t  a i r  l eak  w i l l  d i s a b l e  t h e  system. Water l e v e l  s e t t i n g s  may be 
ad ju s t ed  a t  t he  swi tch .  

A b e l l  type  of system resembles an i nve r t ed  water  g l a s s  submerged i n  t h e  
wa te r ,  w i t h  t h e  a i r - w a t e r  i n t e r f a c e  a c t i n g  a s  t he  diaphragm. See f i g u r e  7-13. 
I n  a l l  o t h e r  ways t he  b e l l  type system i s  t he  same a s  t he  diaphragm type 
system. 

I n  l a r g e r  s i zed  pumping u n i t s  and where i n t e r n a l  combustion engines a r e  used,  
manual s t a r t i n g  wi th  automatic  shu to f f  w i l l  o f t e n  prove t o  be advantageous. 
The ope ra to r  must be p r e sen t  a t  each s t a r t  i n  o rde r  t o  s e r v i c e  and check 
equipment a t  beginning of ope ra t i on .  This  should a s s u r e  t h a t  equipment i s  
i n  good opera t ing  cond i t i on  and i s  s e rv i ced  and checked f o r  p o s s i b l e  damage 
t o  pumps, motors,  o r  engines no t  p ro t ec t ed  by s a f e t y  devices .  

S a f e t y  c o n t r o l s  

A low l e v e l  cu to f f  must be i n s t a l l e d  i n  each s u c t i o n  bay t o  prevent  t h e  pos- 
s i b i l i t y  of t he  pump ope ra t i ng  w i th  an  i n s u f f i c i e n t  depth of wa te r  over  t he  
s u c t i o n  b e l l .  Low wa te r  can  occur  i f  t h e  pump c o n t r o l  malfunct ions o r  i f  
t r a s h  plugs t he  t r a s h  r ack .  A time d e l a y  r e l a y  should be inc luded  i n  t h e  low 
l e v e l  c u t o f f  c i r c u i t  s o  t h a t  t h e  pump must remain o f f  f o r  some g iven  t ime.  
This  t ime de l ay  w i l l  prevent  t h e  s h o r t  cyc l i ng  which would occur  w i th  a  
plugged t r a s h  rack .  In  a m u l t i p l e  pump i n s t a l l a t i o n  time de l ay  r e l a y s  should 
be included i n  each s t a r t i n g  c i r c u i t  t o  prevent  simultaneous s t a r t i n g  of 
e l e c t r i c  motors a f t e r  a  power f a i l u r e .  



When pressure  l u b r i c a t i o n  i s  used on the  pump, motor, o r  gearbox a s a f e t y  
switch should be i n s t a l l e d  which w i l l  s t o p  t h e  motor i f  low l u b r i c a t i o n  
pressure  occurs .  

Overload p r o t e c t i o n  must be provided f o r  a l l  motors. A w e l l  designed overload 
r e l a y  w i l l  p r o t e c t  t h e  motor a g a i n s t  overhea t ing  from any cause,  inc luding  
s h o r t  cyc l ing ,  overloading,  locked r o t o r ,  s i n g l e  phasing, phase r e v e r s a l ,  and 
unbalanced phase v o l t a g e s .  Short  c i r c u i t  p ro t ec t ion  must a l s o  be i n s t a l l e d .  
P r o t e c t i o n  a g a i n s t  l i g h t i n g  should a l s o  be i n s t a l l e d .  

Experience has shown t h a t  a l l  engines should be provided wi th  s a f e t y  con t ro l s  
even i f  no t  planned f o r  automatic  ope ra t ion .  A governor should be  i n s t a l l e d  
t o  r e g u l a t e  engine speeds.  Cutoff devices should be provided t o  s t o p  the  
engine i f  low o i l  p r e s su re  develops, excess ive  engine temperature develops,  
o r  i f  excess ive  speeds develop due t o  governor f a i l u r e .  Such automatic  and 
manual engine opera t ing  devices should be suppl ied  by t h e  engine manufacturers.  

Recorders and s i g n a l i n g  devices 

Automatical ly operated i n s t a l l a t i o n s  should have a  s i g n a l  device ,  such a s  a  
l i g h t ,  t o  show when pumps a r e  opera t ing .  I n  a  l a rge  i n s t a l l a t i o n  wi th  au to-  
matic  opera t ing  c o n t r o l s  a  s i g n a l  panel i s  d e s i r a b l e  t o  show which s a f e t y  
c o n t r o l  device  stopped the  pumps. This  would save a  g r e a t  d e a l  of time i n  
l o c a t i n g  the  t r o u b l e .  A record ing  i n d i c a t o r  of  running time of each pump 
could p inpoin t  s h o r t  cyc l ing ,  time of f a i l u r e ,  and show which pumps a r e  
running a t  time of f a i l u r e .  Also, t he  record  of running time would be u se fu l  
i n  scheduling maintenance. 

Sump dimensions 

Sumps o r  suc t ion  bays f o r  dra inage  pumping p l a n t s  a r e  contained i n  s t r u c t u r e s .  
Sumps may range from l a r g e  open ended p i t s  f o r  handling l a r g e  q u a n t i t i e s  of 
su r f ace  and subsur face  water  t o  small  open o r  closed p i t s  handling only  t h e  
e f f l u e n t  from subsurface  d r a i n s .  The sump ent rance  must be l a r g e  enough t o  
pass t h e  design d ischarge  t o  the  pumps without  apprec iab le  r e s t r i c t i o n .  Maxi- 
mum wa te r  l e v e l  w i l l  be t h e  optimum (design)  s t a g e  i n  t h e  sump. Level of t h e  
ope ra t ing  f l o o r  con ta in ing  power u n i t s  should be a t  h igh  enough e l e v a t i o n  
above t h e  optimum s t a g e  t h a t  inundat ion from a l l  but extreme f loods  w i l l  not  
occur should pumps not  be opera t ing .  The f l o o r  l e v e l  a l s o  should be h igh  
enough above ope ra t ing  s t a g e  t o  provide p ro t ec t ion  a g a i n s t  surge a s  might 
develop from sudden stoppage of the  pumps and t o  provide c l ea rance  requi red  
f o r  proper  l o c a t i o n  and i n s t a l l a t i o n  of s u c t i o n  and d ischarge  p ipes .  

Minimum hor i zon ta l  sump a rea  w i l l  be t h a t  necessary  f o r  spacing pumps, i n -  
s t a l l i n g  suc t ion  and d ischarge  l i n e s ,  and c o n t r o l l i n g  flow w i t h i n  t h e  sump 
a t  v e l o c i t i e s  t h a t  w i l l  no t  cause apprec iab le  turbulence  o r  c ros s  c u r r e n t s .  
The opening from t h e  forebay s torage  a r e a  o r  channel should be a l igned  t o  
avoid a  change i n  d i r e c t i o n  of flow and be of s u f f i c i e n t  s i z e  t o  keep the 
ent rance  v e l o c i t y  below 3 f e e t  per second. The shape and dimensions of t h e  
sump should be such a s  t o  supply an even d i s t r i b u t i o n  of flow t o  t h e  suc t ion  
in t ake  of pumps. This  w i l l  avoid formation of l a rge  vor texes  o r  cause low 
submergence t h a t  would permit e n t r y  of a i r  i n t o  the  pumps. F igures  7-14, 
7-15, and 7-16 provide layouts ,  spacings and dimensions of sump and pumps 
f o r  des ign  of dra inage  pumping f a c i l i t i e s .  These a r e  based on a n a l y s i s  of 
many i n s t a l l a t i o n s  bu t  may r equ i r e  some modif ica t ion  t o  meet manufacturer 's  
recommendations f o r  t h e  p a r t i c u l a r  pump used. 



G A L L O N S  ( I n  Thousands) PER MINUTE PER PUMP 

SUMP DIMENSIONS VERSUS FLOW 

Figure 7-14, Sump dimensions versus flow 
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Figure  7-15, Sump dimensions and pump arrangement 
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Figure 7-lb, Sump dimensions and pump arrangement 
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Recommendations i n  f i g u r e s  7-14 and 7-15 apply  t o  both s i n g l e  and mul t i p l e  
pump i n s t a l l a t i o n s .  Dimension C could be s l i g h t l y  sma l l e r  o r  l a r g e r  depend- 
ing  upon the  manufac turer ' s  recommendation. Dimension B i s  a  suggested maxi- 
mum which may be l e s s  depending upon s u c t i o n  b e l l  o r  bowl diameters  used by 
the  manufacturer .  The edge of b e l l  should be a s  c l o s e  a s  pos s ib l e  t o  the  
sump backwall bu t  may be determined by requi red  motor spacing on t h e  f l o o r  o r  
d i scharge  p ipe  spac ing  i n  the sump. I f  t h i s  spacing is  excess ive ,  a  f a l s e  
backwall should be used.  Dimension S i s  a  minimum f o r  a  s i n g l e  pump i n s t a l -  
l a t i o n  but  can be i nc reased .  Dimension H i s  a  minimum based on normal low 
wa te r  l e v e l  a t  t h e  s u c t i o n  b e l l ,  t ak ing  i n t o  cons ide ra t i on  f r i c t i o n  lo s se s  of 
a  suc t ion  screen .  This  dimension can be l e s s  without  damage t o  t h e  pump i f  
occurrence i s  momentary o r  i n f r equen t .  H r ep re sen t s  t h e  phys i ca l  he ight  of 
water  l e v e l  above the  bottom of the suc t ion  i n l e t  and i s  no t  submergence 
which normally i s  considered a s  H minus C .  Dimensions Y and A a r e  minimums. 
I f  a s c r een  i s  not  used a t  t he  suc t ion  b e l l ,  A should be l a r g e r .  Screen 
widths  should not be l e s s  than  S .  

F igure  7-16 i l l u s t r a t e s  a d d i t i o n a l  cons idera t ions  f o r  m u l t i p l e  pump i n s t a l -  
l a t i o n s .  Ve loc i ty  should be low and flow simultaneous t o  a l l  u n i t s  i n  a  
s t r a i g h t  l i n e  a s  shown i n  f i g u r e  7-16 ( a ) .  A number of pumps i n  the same 
sump ope ra t e  b e s t  w i thou t  s epa ra t ing  s idewa l l s  un less  a l l  pumps a r e  always 
ope ra t ing  a t  the  same time. I f  s idewal l s  must be used f o r  s t r u c t u r a l  pur- 
poses and pumps a r e  operated i n t e r m i t t e n t l y ,  flow space should be l e f t  behind 
each w a l l  a s  shown i n  f i g u r e  7-16 (b ) .  Changes i n  s i z e  of i n l e t  p ipe  o r  
channel should be gradual  a s  i l l u s t r a t e d  i n  f i g u r e  7-16 ( c ) .  The t ape r  
should be a t  an angle  of  45 degrees o r  more and pumps loca t ed  c l o s e  t o  back- 
w a l l  t o  prevent l a r g e  vo r t ex  a r e a s .  Pumps i n  l i n e  a r e  n o t  recommended unless  
r a t i o  of p i t  t o  pump s i z e  is  q u i t e  l a r g e  and pumps a r e  widely separa ted  lon-  
g i t u d i n a l l y .  I f  p i t  v e l o c i t y  can be kept below a foot  pe r  second,  an abrupt  
change from i n l e t  p ipe  t o  p i t  can be accommodated when lengths  exceed va lues  
shown i n  f i g u r e  7-16 (d) . 
Sump capac i ty  

To ta l  forebay and sump s to rage  f o r  t he  pump should be s u f f i c i e n t  t o  prevent 
excess ive  s t a r t i n g  and s topping  of the  pumps. Such s to rage  i s  t h e  volume of 
runoff  and ground water  i n  forebay and sump t h a t  w i l l  be removed between the  
s t a r t  and s t o p  l e v e l s  i n  t h e  sump. In  l a r g e  pumped a r e a s  most of  t he  a v a i l -  
ab l e  s to rage  must be  obtained ou t s ide  the  sump from n a t u r a l  a r e a s  i n  o r  
beyond the  forebay.  For comparatively small  a r e a s  up t o  a  square  mi le ,  
a v a i l a b l e  scorage may be increased by d i t c h  enlargement i n  t he  forebay a r e a .  
For small  acreages  where only subsur face  dra inage  w i l l  be pumped, a v a i l a b l e  
s to rage  may be l imi t ed  t o  the  cons t ruc ted  sump. 

S torage  requirements  depend upon pumping r a t e  and frequency of cyc l ing .  When 
t h e  inf low r a t e  is  less than t h e  pumping r a t e ,  cyc l ing  w i l l  occur .  For manu- 
a l l y  operated pumps t h e  number of s t o p s  and s t a r t s  should n o t  exceed two t o  
t h r e e  c y c l e s  per  day i n  cons ide ra t i on  of ope ra to r  convenience. For automat- 
i c a l l y  operated pumps t h e  number of cyc l e s  per  u n i t  of time should not  exceed 
t h e  manufac turer ' s  r a t i n g .  Based on Univers i ty  of Minnesota S tud ie s  by Larson 
and Manbeck (11) on smal l  sumps where cyc l ing  is f r equen t ,  e f f i c i e n t  ope ra t ion  
can be  obtained f o r  e l e c t r i c a l  motor d r iven  pumps wi th  10 t o  1 5  cyc l e s  per  hour. 

Time of one pumping cyc l e  equals  t h e  time i t  t akes  t o  empty t h e  s to rage  i n  
t h e  sump and t h e  inf low during t h e  emptying process ,  p l u s  t h e  time it t akes  
f o r  inf low t o  r e f i l l  t h e  sump a f t e r  t h e  pump has stopped. This is expressed 
i n  t h e  fol lowing equat ion .  



7-45 

( E q .  7-9) 

where 

n = number of cyc l e s  per  hour 

S = s t o r a g e  volume i n  cub i c  f e e t  

Q = pumping r a t e  i n  ga l l ons  pe r  minute 
P 

Qi = 
inf low r a t e  i n  g a l l o n s  p e r  minute 

7.5 = conversion f a c t o r  f o r  ga l l ons  t o  cubic  f e e t  

A t  maximum s to r age  

24 
and S = 3 

n 

Gene ra l l y  sump s i z e s  should be such a s  t o  provide  a t  l e a s t  1-foot  depth i n  
open p i t s  and 2-foot  depths i n  c losed  p i t s  between s t a r t i n g  and s topping  
l e v e l s  of t he  pump. 

Closed sumps may be cons t ruc ted  of conc re t e ,  conc re t e  block,  s i l o  s t a v e s ,  
cor ruga ted  metal  o r  meta l  t anks .  Rectangular  shapes are recommended, a l though 
t h e  c i r c u l a r  shape i s  s a t i s f a c t o r y  f o r  smal l  systems and i s  more economically 
b u i l t .  At h ighe r  v e l o c i t i e s  some r o t a t i o n  and turbulence  can develop i n  t he  
c i r c u l a r  sump. The sump should be checked f o r  u p l i f t .  Most s e r i o u s  condi-  
t i o n s  occur  when the  sump i s  pumped down and t h e  surrounding s o i l  i s  s a t u -  
r a t e d .  S t r u c t u r a l  des ign  and cons t ruc t i on  of  l a r g e  sumps must be based on 
s i t e  cond i t i ons  on an i n d i v i d u a l  job b a s i s  and i s  no t  covered i n  t h i s  t e x t .  

Stop l o g s  

Stop l og  ga t e s  should be provided f o r  t he  sump openings s o  t he  sump can be 
dewatered f o r  pump r e p a i r s  o r  c l ean ing .  S l o t s  should be made i n  t he  end wa l l s  
of t he  opening o r  passageway w a l l s  f o r  p l ac ing  t he  s t o p  l o g s .  Stop logs may 
be seasoned timber o r  wood faced I-beams wi th  s t r e n g t h  t o  wi ths tand  imposed 
f l u i d  p r e s su re s  and t r e a t e d  a g a i n s t  r o t ,  i n s e c t  damage, and co r ro s ion .  Pro- 
v i s i o n  should be made f o r  convenient  handl ing  and s t o r a g e  when no t  i n  u se .  

Trash racks  

Trash racks  should be provided t o  s c r een  out  t r a s h  and d e b r i s  from su r f ace  
flows e n t e r i n g  sumps. S t r a i n e r s  o r  sc reens  mounted on the  b e l l  o r  s u c t i o n  
f l ange  should be avoided s i n c e  they  tend t o  c log  and a r e  hard t o  c l e a n .  The 
t r a s h  r a c k  should be loca ted  ac ros s  the  en t rance  of t he  sump and i n c l i n e d  
toward t h e  s t r u c t u r e  i n  such manner t h a t  flow moves evenly through the  rack  
and c o l l e c t i n g  t r a s h  and d e b r i s  tends t o  f l o a t  up toward t he  wa te r  su r f ace  
where i t  can be e a s i l y  removed by r a k e s .  Bar s c r eens  should be used i n  which 
t he  c l e a r  space between ba r s  i s  w i th in  t he  range of 1 112 t o  3 i nches .  The 
t o t a l  c l e a r  flow a r e a  of t he  r ack  should be s u f f i c i e n t  t o  keep t h e  v e l o c i t y  
through t h e  rack under 2 . 5  f e e t  per  second. Trash racks  should be loca ted  



ou t s ide  of t he  pumping p l a n t  s t r u c t u r e s  t o  f a c i l i t a t e  removal of t r a s h .  Racks 
should be removable o r  hinged so t h a t  i f  it becomes necessary  t hey  can be 
r a i s e d  above the f l o o r  and blocked open when pumps a r e  not  i n  opera t ion .  I n  
most cases  raking w i l l  be done by hand and a  s u i t a b l e  p la t form wi th  g u a r d r a i l  
should be provided f o r  s a f e t y  i n  c o l l e c t i n g  and d ispos ing  of t h e  t r a s h  and de- 
b r i s .  A l og  boom o r  f l o a t ,  anchored upstream from t h e  en t r ance ,  may be needed 
where timber o r  l a r g e  f l o a t i n g  deb r i s  i s  a  problem. 

Discharge p ipes  

Discharge pipes u s u a l l y  w i l l  be loca ted  under ,  through, o r  over a  p ro t ec t ing  
s t r u c t u r e ,  which i s  u s u a l l y  an ear then  d ike .  S t e e l  p ipes ,  adequately pro- 
t ec t ed  from co r ros ion ,  a r e  b e s t  s u i t e d  and almost u n i v e r s a l l y  used f o r  t h i s  
purpose.  F l e x i b l e  couplings should be provided where t h e  p ipe  passes through 
t h e  sump o r  w a l l s  of t he  pump p l an t  s t r u c t u r e  and where sha rp  bends a r e  placed 
i n  t he  l i n e .  Thrus t  rods must be i n s t a l l e d  a t  t h e  elbows of a v e r t i c a l  pump 
t o  prevent  movement of the  pump. F l e x i b l e  couplings al low f o r  s t r u c t u r a l  
s e t t l emen t  and expansion o r  c o n t r a c t i o n  of t h e  p ipe .  Sharp bends i n  t h e  l i n e  
should be avoided.  Use of a  s epa ra t e  pipe f o r  each pump i s  d e s i r a b l e ,  wi th  
t he  p ipe  connected d i r e c t l y  t o  the pump d ischarge  f l ange .  Thrust  blocks may 
a l s o  be requi red  a t  changes of al ignment .  

Discharge pipes may be i n s t a l l e d  through o r  over t he  w a l l  o r  embankment. 
P ipes  through the  s t r u c t u r e  a r e  advantageous i n  t h a t  sharp  bends can be 
avoided but  a r e  s u b j e c t  t o  back pressure  and poss ib l e  backflow when t h e  
pumps a r e  not  i n  ope ra t ion .  When p ipes  a r e  i n s t a l l e d  below the  high water  
l e v e l  on t h e  d ischarge  s i d e  of a  d ike ,  s p e c i a l  p recaut ions  must be taken t o  
prevent  p ip ing  a long  the  condui t .  F l ap  ga t e s  of good q u a l i t y  must be pro- 
vided t o  p ro t ec t  a g a i n s t  backflow. A h y d r a u l i c a l l y  cushioned f l a p  g a t e  
should be used i f  t h e  f l a p  ga t e  i s  w i t h i n  a  few f e e t  of t h e  pump o r  t he  water  
depth i s  s eve ra l  f e e t  above the  f l a p  g a t e .  Gates  should be so  loca ted  t h a t  
s i l t  and deb r i s  w i l l  not  accumulate, p a r t i c u l a r l y  dur ing  periods when the  
pumps a r e  no t  i n  ope ra t ion ,  and thus obs t ruc t  g a t e  ope ra t ion .  Pipes o r d i -  
n a r i l y  a r e  supported by t h e  d ike  embankment wi th  p r o j e c t i o n s  on the  d ischarge  
end, e i t h e r  i n  a  headwall s t r u c t u r e  o r  on p i l e  bents  which should a l s o  support  
d i r e c t l y  t h e  weight  of t he  f l a p  g a t e s .  Unless a  s u i t a b l e  headwall s t r u c t u r e  
i s  used, t h e  p ipe  should p r o j e c t  a  s u f f i c i e n t  d i s t ance  beyond the  d ike  f ace  
t o  provide p r o t e c t i o n  from eros ion  o r  eddy c u r r e n t s .  Where amount of d i s -  
charge i s  l a r g e ,  r i p r a p  p ro t ec t ion  of t h e  embankment i s  necessary .  A l l  con- 
d u i t s  through d ikes  below the  maximum high w a t e r l i n e  must be connected t o  t h e  
pump wi th  a  f l e x i b l e  coupling and provided wi th  an t i - s eep  c o l l a r s  designed t o  
i nc rease  t h e  seep l i n e  d i s t ance  along t h e  condui t  by a t  l e a s t  15 pe rcen t .  

P ipe  backflow can be e l imina ted  by p lac ing  the  conduit  over  t h e  top  of t h e  
w a l l  o r  d ike .  This  i s  p a r t i c u l a r l y  app l i cab l e  i n  t h e  case  of small  pumping 
u n i t s  o r  where pumping a t  h igher  heads i s  of such s h o r t  d u r a t i o n  t h a t  oper- 
a t i n g  c o s t s  a r e  no t  a f f e c t e d  m a t e r i a l l y .  Much of t he  pumping head can. be 
recovered i f  such l i n e s  over the  dike a r e  extended and lowered on the  water-  
s i d e  of the embankment so  a s  t o  opera te  a s  a s iphon.  This  is  p a r t i c u l a r l y  
advantageous where ex t ens ive  pumping i s  done a t  high heads.  F l ap  ga tes  must 
be provided t o  p r o t e c t  a g a i n s t  stoppage of the  pump and backflow caused by 
r eve r se  s iphoning.  Siphon breakers  should be i n s t a l l e d  i n  t he  p ipe  t o  prevent  
backf low. 

An a i r  vent  i n  t he  h igh  poin t  of d i scharge  p ipes  i s  d e s i r a b l e  i n  preventing 
excess back p re s su re  when s t a r t i n g  pumps. Mounding e a r t h  over  pipe on d ikes  
i s  d e s i r a b l e  a s  p ro t ec t ion  aga ins t  p ipe  displacement and e ros ion  of t h e  d ike  



s u r f a c e  when high f lood  s t a g e s  occur .  Such mounding a l s o  permits  e s t a b l i s h -  
ment of c ro s s ings  f o r  maintenance equipment and veh i cu l a r  t r a f f i c .  

Housing 

Housing is  u s u a l l y  needed f o r  pumps, prime movers, and ope ra t i ng  c o n t r o l s ,  t o  
p r o t e c t  them a g a i n s t  weather ,  mois ture ,  and vandalism, and t o  provide s u i t a b l e  
working a r e a  f o r  manual ope ra t i on ,  maintenance, and r e p a i r  work. I n  some 
s i t u a t i o n s  where s ea l ed  motors,  enclosed engine and t ransmiss ion  u n i t s ,  e t c .  
a r e  used ,  such housing may be omit ted.  I n  any ca se ,  s t o r age  should be pro- 
vided f o r  t o o l s ,  supp l i e s ,  ope ra t i on  and maintenance manuals and r eco rds .  

Housing u s u a l l y  c o n s i s t s  of a  s u p e r s t r u c t u r e  o r  bu i l d ing  over the  ope ra t i ng  
f l o o r  above t he  sump. The s t r u c t u r e  should be f i r e  r e s i s t a n t  and conform t o  
l o c a l  b u i l d i n g  codes when the se  e x i s t .  Adequate v e n t i l a t i o n  i s  e s s e n t i a l  f o r  
i n t e r n a l  combustion engines .  I n  t he  case  of l a r g e  pump u n i t s  s u f f i c i e n t  f l o o r  
c l ea r ance  and s p e c i a l  openings, such a s  doors  o r  removable panels  i n  s i dewa l l s  
and r o o f ,  should be provided.  Normally, gan t ry  c ranes  a r e  i n s t a l l e d  a s  perma- 
nent  equipment f o r  l a r g e  pumping u n i t s .  For smal l  u n i t s  h o i s t i n g  equipment 
may be omi t ted  where motor c r anes  can be ob ta ined  when needed f o r  t h i s  purpose. 

When engine-driven fan  cool ing  systems a r e  used,  necessary  v e n t i l a t i o n  of t he  
bu i l d ing  i s  provided through au toma t i ca l l y  c o n t r o l l e d  louvers .  A i r  i n t ake  
louvers  should be i n s t a l l e d  w i th  g r e a t e r  c a p a c i t y  than  exhaust  louvers  t o  pro- 
t e c t  a g a i n s t  reduc t ion  of a i r  p r e s su re  w i th in  t he  s t r u c t u r e  below atmospheric 
p r e s su re .  Where f e a s i b l e ,  r a d i a t o r s  should be mounted so  hea t  can be removed 
from t h e  bu i ld ing  d i r e c t l y  through t h e  w a l l  o r  through exhaust  d u c t s .  

P a r t i c u l a r  a t t e n t i o n  should be given t o  p r o t e c t i o n  of  w i r i ng  and con t ro l  
equipment a g a i n s t  co r ro s ion  from moisture and fumes. Wiring should be 
enclosed i n  c o r r o s i o n - r e s i s t a n t  condui t s  and c o n t r o l  boxes. 

Equipment such a s  swi tches ,  f l o a t s ,  and t apes  should be of c o r r o s i o n - r e s i s t a n t  
meta l .  F l o a t s  should be encased i n  we l l s  w i t h  an  opening near  t h e  bottom of 
t h e  sump s o  a s  t o  minimize e f f e c t  of surges .  Temperature and mois ture  i n  t h e  
w e l l  may be con t ro l l ed  by means of an  e l e c t r i c  bu lb .  

When f u e l  s t o r age  tanks a r e  used,  Nat ional  Board of F i r e  Underwri ters  and 
l o c a l  j u r i s d i c t i o n a l  codes should be followed i n  t h e  i n s t a l l a t i o n  and supply 
of t h e  t a n k s .  Tank s i z e  should be determined on t he  b a s i s  of s t o r a g e  requi red  
f o r  maximum r a t e s  of ope ra t i on  over  t h e  a n t i c i p a t e d  pumping per iod  and con- 
s i d e r a t i o n  of acces s  of t he  source  of supply  t o  the pumping f a c i l i t y .  Storage 
f o r  a  3-day ope ra t i ng  supply should be t h e  minimum provided,  and t h i s  should 
be  increased  t o  meet adverse  d e l i v e r y  and ope ra t i ng  cond i t i ons .  

Pumping i n s t a l l a t i o n s  should be provided w i th  fences and r a i l i n g  t o  p r o t e c t  
ope ra to r s  and t he  publ ic  from hazards such a s  p i t s  and d ropo f f s .  P r o t e c t i o n  
of ope ra to r s  from moving b e l t s  and d r i v e  s h a f t s ,  engine exhaust  p ipe s ,  and 
e l e c t r i c  c u r r e n t s  should be provided through use  of guards,  covers ,  and warn- 
ing  s i g n s .  Gates and doors wi th  locks  should be provided t o  prevent  un- 
au tho r i zed  opera t ion  and vandalism. 

Since pumping p l a n t s  a r e  u s u a l l y  unmanned f o r  a  l a r g e  p a r t  of t he  time and 
a r e  o f t e n  remote from h a b i t a t i o n s  and roads ,  use  of e x t e r i o r  l i g h t s  and sound 
warning systems a t  t he  s t r u c t u r e  o r  remote monitor ing s t a t i o n ,  a c t i v a t e d  by 
sump f l o a t s  o r  t he  pump s t a r t i n g  system, a r e  a  d e s i r a b l e  f e a t u r e  i n  a s su r ing  
t imely  a t t e n t i o n  of t he  r e spons ib l e  o p e r a t o r .  



Field Tests of Drainage Pumping Plants 

Field tests of new drainage pumping plants check performance of pumping units 
against design and specifications. Tests of operating plants are desirable 
at intervals to determine operating efficiencies. 

The discharge of water in pipes may be measured with a probable accuracy of 
5 percent by use of Tulane pitot tubes, discussed in the following section. 

Procedure for field tests 

Surveys and gages 
Temporary staff gages in the suction and discharge bays should be established 
using assumed or sea level datum as zero on gages. However, legible gages 
which exist may be used with elevations checked to nearest 0.01 foot. 

Elevations on the same datum as the staff gages should be obtained of the 
£01 lowing: 

Floor of suction bay. 

Entrance lip of suction pipe. 

Centerline of pump, motor, and engine shafts. 

Elevations of each pump, engines, motors, suction and discharge 
pipes so that an accurate plan and profile may be drawn of each 
pumping unit. Manufacturers' catalogs may be consulted to obtain 
dimensions. 

Elevation to nearest 0.01 foot of the centerline of each hole 
tapped in suction, discharge pipe, or pump. 

Diameter of pipe to nearest 0.001 foot at each hole tapped in 
suction or discharge pipe or pump, including the hole where 
pitot tube or piezometer is inserted. 

Diameters and lengths to nearest 0.01 foot of tangents and bends 
of the suction and discharge pipes. 

Total head on pump 
The total head on the pump is determined by measuring the discharge head 
close to the discharge flange of the pump, the suction head close to the 
entrance of the pump and correcting for differences in velocity head and 
elevation of points of measuring. 

The total head on the pump is equal to the total energy in the water at the 
discharge flange minus the total energy at the suction flange of the pump. 
It is expressed by Equation 7-3 where total head equals static lift plus the 
losses in the suction pipe, the losses in the discharge pipe, and the veloc- 
ity head. (See section on "Total dynamic head" under "Pumping Plant Design.") 

Where the pump is submerged it may not be feasible to measure the suction 
pressure head, hs. In such cases the total head may need to be estimated by 
measuring the discharge pressure head, ha, and estimating the suction pres- 
sure head by taking into account the estimated entrance loss of the suction 



pipe and t he  f r i c t i o n  l o s s e s  i n  t h e  s u c t i o n  p ipe .  King and B r a t e r ' s  Handbook 
of Hydraul ics  (9) and NEH Sec t i on  5 ,  Hydraul ics  (8) exp l a in s  how the se  l o s se s  
may be e s t ima ted .  

Measurement of h  and h  i n  t he  f i e l d  a r e  accomplished by t he  fo l lowing  
d  s  

procedures:  

Tap, ream and thread  a ho l e  i n  d i s cha rge  p ipe  t o  t ake  a s tandard  114 inch  
p ipe  n i p p l e ,  which should be about  4  inches long. (See f i g u r e  7-17.) One 
hole  should be loca ted  a t  c e n t e r l i n e  of p ipe  from 4 t o  18 inches from the  
pump f l ange .  A va lve ,  rubber  hose and g l a s s  tube  a r e  a t t a ched  a s  shown i n  
t he  f i g u r e .  I f  flow i s  unusua l ly  t u rbu l en t  a t  t h i s  po in t  a s  i nd i ca t ed  by 
t he  pre l iminary  t e s t s ,  i t  may be important  t o  d r i l l  a d d i t i o n a l  ho les  a t  top  
and both s i d e s  o r  on 45O d iameters  t o  o b t a i n  an  average read ing  around p ipe .  

A s tandard  globe va lve  screwed on the  p ipe  i s  opened when read ings  of t he  
p r e s su re  head a r e  taken and c losed  a f t e r  read ings  a r e  made. 

A t  l e a s t  one more n ipp l e  i s  requi red  t o  connect w i th  a  rubber hose which w i l l  
f i t  over  a p iece  of g l a s s  tub ing .  Glass  tubing having an i n t e r n a l  diameter  
of 1 / 8  t o  3/16 inch  i s  recommended. The rubber  hose should f i t  over t he  g l a s s  
tube .  A 114 t o  118 inch  reducer  between the va lve  and rubber  hose permits  
one end of t he  hose t o  be f i t t e d  over  a  s h o r t  1 /8  inch  s tandard  n i p p l e .  

Discharge measurements 
I n  making f i e l d  t e s t s  of d ra inage  pumps a  measurement of the  d i s cha rge  should 
be ob ta ined  w i th in  t he  requi red  accuracy .  Measurements may be accomplished 
by a  Tulane p i t o t  tube w i t h i n  5 percent  accuracy.  

I n  o rde r  t o  o b t a i n  t he  most a c c u r a t e  r e s u l t s ,  t he  fol lowing t e s t  cond i t i ons  
a r e  d e s i r a b l e :  

1. A s t r a i g h t  l eng th  of pipe i n  which uniform flow condi t ions  e x i s t .  
Tangents should be a t  l e a s t  f i v e  times t he  d iameter .  

2 ,  The pipe running f u l l  of  water  dur ing  t e s t .  

3 .  Pipes on h o r i z o n t a l  tangent  but s l op ing  p ipe  may be used.  

4 .  Approximate measurements by c u r r e n t  meter  which a r e  adequate  f o r  
determining ope ra t i ng  e f f i c i e n c y  of t h e  pumping u n i t .  Such measure- 
ments probably provide d i scharge  read ings  w i t h i n  10 percent  accuracy.  
This  may be used a s  a  b a s i s  t o  determine i f  t he  e f f i c i e n c y  i s  un- 
u s u a l l y  low and whether the  expense of t he  p i t o t  tube measurements 
i s  j u s t i f i e d .  

I n  many farm pumping p l a n t s ,  a  s u f f i c i e n t  l eng th  of d i scharge  pipe i s  no t  
a v a i l a b l e  t o  ob t a in  accu ra t e  p i t o t  tube measurements, t he  pipe does n o t  run 
f u l l  of water ,  o r  t he  p ipe  i s  i n a c c e s s i b l e .  Under such cond i t i ons ,  measure- 
ments by we i r ,  o r i f i c e ,  flume ( P a r s h a l l ) ,  o r  channel water  measuring device  
should be considered.  Measurements of d i scharge  by these  methods a r e  de- 
s c r i bed  i n  hyd rau l i c  t e x t s  and w i l l  no t  be d i scussed  h e r e i n .  

Discharge measurements wi th  Tulane p i t o t  tubes 
A f t e r  t h e  po in t  of measurement i s  s e l e c t e d  a s  descr ibed  above, t he  fol lowing 
procedure i s  used i n  making a  d i scharge  r a t i n g .  



DRAINAGE PUMPING PLANT FIELD TESTS 
SUCTION AND DISCHARGE GAGES 

Measure height ( hd 1 o f  
water  in f e e t  where 
pipe is under presure. 

Where discharge is under 
vacuum, s e t  up mercury 
gage as shown on 
suction side o f  pump. 

i.d.(approx.) glass tube. 
Small jelly glarr with 
about 2" o f  mercury. 

- h,, f e e t  o f  water = inches o f  mercury x 1.133 

Average elev. o f  discharge 

- -- 

- -  - 
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Figure  7-17, Suction and d ischarge  gages f o r  pumping p l a n t  
f i e l d  t e s t s  



D r i l l  v e r t i c a l  ho le  through d ischarge  p ipe  a t  po in t  s e l e c t e d .  The 
hole  should be d r i l l e d  and threaded s o  t h a t  t h e  s t u f f i n g  box of 
t h e  p i t o t  tube may be screwed i n .  (See f i g u r e  7-18.) 

Assemble and c e n t e r  t he  p i t o t  tube i n  t h e  p ipe  by measuring up from 
t h e  bottom of t h e  p ipe .  The s t u f f i n g  box usua l ly  p r o j e c t s  s l i g h t l y  
i n t o  t h e  p ipe  a t  t h e  upper s i d e  and t h i s  prevents  cen t e r ing  t h e  
p i t o t  tube by measuring from t h e  top  of t h e  p ipe .  D r i l l  a  ho l e  i n  
a  1- by 6-inch board a s  shown i n  f i g u r e  7-18 s o  t h a t  t h e  poin t  of 
t h e  p i t o t  tube i s  a t  t h e  c e n t e r  of t h e  p ipe  when the  c e n t e r l i n e  hole  
of t he  board suppor ts  t he  handle.  

D r i l l  f i v e  a d d i t i o n a l  ho les  above the  c e n t e r l i n e  hole  a t  d i s t ances  
a s  follows: 

E s t a b l i s h  a  s i m i l a r  s e t  of ho les  below the  c e n t e r l i n e .  These holes  
a r e  s e t  s o  t h a t  5 and 6 a r e  on t h e  circumference of 0 . 1  t h e  p ipe  
a r e a .  Poin ts  4 and 7 a r e  on t h e  circumference of 0.3 t h e  a r e a .  
Po in t s  3 and 8 ,  0 .5 a r e a ;  2 and 9 ,  0.7 a r e a ;  and 1 and 10, 0.9 a r e a .  

Raise water  from discharge  p ipe  s o  t h a t  upper and lower wa te r  l e v e l s  
may be read on t h e  gage. This i s  accomplished by a va lve  a t  t h e  end 
of t h e  p i t o t  tube gage. A vacuum pump is  requi red  t o  draw water  i n t o  
t h e  g l a s s  tubes i f  pipe i s  under vacuum. 

S t a r t i n g  a t  top  of p ipe  take  v e l o c i t y  head readings a t  ho les  1 t o  10, 
i nc lus ive ,  moving t h e  p i t o t  tube down t h e  p ipe .  Take a second read-  
ing  from each ho le ,  s t a r t i n g  a t  t h e  bottom and moving t h e  tube up. 

Center l ine  readings a r e  made bu t  a r e  not  averaged i n .  

Compute average v e l o c i t y  i n  p ipe  by averaging a l l  v e l o c i t y  head read-  
ings  except  t he  c e n t e r  reading and s u b s t i t u t e  i n  t he  f o r m l a  

Pumt, e f f i c i e n c y  

Pump e f f i c i e n c y  i s  computed by the  fol lowing tormula 

e = 
GPM x Ht 

BHP x 3960 

where 

e  = pump e f f i c i e n c y  

GPM = g a l l o n s  per  minute 

Kt  = t o t a l  head on pump 

BHP = brake horsepower i npu t  i n t o  pump s h a f t  



TULANE PITOT TUBE AND TEMPLATE 
FOR MEASURING WATER VELOCITY IN PIPES 

Gloss tubes 

,Water level of tube connecting 
1 t o  point of  p i t o t  tube. 

-Stole- qroduated to fee t .  

Water level in tube 
connecting t o  side 
hole o f  p i t o t  tube  

1 Formula: 1 

I" x 6" wood templa 

q = 32.16 tt/sec2 
h = height in f e e t  --. 2 q 

I 

v = velocity . :: - 

Tulane p i to t  tube + 

Template layout 
(holes spaced for 

various pipa radii 

I I 

Figure 7-18, Tulane p i t o t  tube and template f o r  measuring 
water ve loc i ty  i n  pipes 
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Operat ion and Maintenance 

Operat ion and maintenance of a  d ra inage  pumping f a c i l i t y  i s  more o f t e n  i n  t h e  
hands of un t r a ined  people.  Therefore ,  equipment should be a s  r e l i a b l e ,  s imple 
i n  c o n s t r u c t i o n  and ope ra t i on ,  and r e q u i r e  t h e  l e a s t  amount of maintenance a s  
can be ob ta ined  economically. Likewise, s imple and e x p l i c i t  i n s t r u c t i o n s  on 
ope ra t i on  and maintenance should be made a v a i l a b l e  t o  those r e spons ib l e .  

Operators  should know the  i n s t r u c t i o n s  on pumps, motors ,  engines ,  and c o n t r o l  
dev ices  and should fol low the  b e s t  ope ra t i ng  procedures .  Pumps depending upon 
wa te r  l u b r i c a t i o n  should n o t  ope ra t e  empty. Where pumps depend upon priming, 
complete f i l l i n g  of water  should be accomplished so pockets  of a i r  w i l l  not  
c o l l e c t  i n  t he  cas ing  around t h e  s h a f t  and t hus  reduce d i s cha rge .  Where prime 
movers a r e  used such a s  engines t h a t  permit s u b s t a n t i a l  v a r i a t i o n  i n  speed,  
pump ope ra t i on  should be r egu l a t ed  t o  provide  t h e  most e f f i c i e n t  speed a s  de- 
termined from t e s t s  o r  c h a r a c t e r i s t i c  curves .  Where s e v e r a l  u n i t s  a r e  included 
i n  t he  f a c i l i t y ,  t h e  most e f f i c i e n t  u n i t  o r  combination of u n i t s  should b e  used 
f o r  most of t he  pumping. Each u n i t  should be opera ted  p e r i o d i c a l l y  t o  a s s u r e  
r e l i a b l e  ope ra t i on  when needed. Equipment should be kept  i n  good r e p a i r .  
Equipment, p l a n t ,  and grounds should be kept  c l e a n  and o r d e r l y  t o  minimize t he  
hazard of f i r e ,  a s su re  ready acces s  and e f f i c i e n t  ope ra t i on  and prevent  
a c c i d e n t s .  

Thorough in spec t i on  of t he  f a c i l i t y  should be made p e r i o d i c a l l y  dur ing  oper-  
a t i o n ,  a t  l e a s t  monthly dur ing  per iods  of nonoperat ion,  and j u s t  p r i o r  t o  t h e  
expected time of continuous o r  peak usage.  I n spec t i on ;  cleanup and o i l i n g  
of engines ,  motors and pumps; f l u s h i n g  of sumps; and r ep l en i sh ing  of f u e l  and 
l u b r i c a n t s  should fo l low immediately a f t e r  a  major ope ra t i on  i n  r ead ines s  f o r  
t h e  next  per iod  of u se .  

Occasional  t e s t s  a r e  d e s i r a b l e ,  p a r t i c u l a r l y  on t h e  l a r g e r  f a c i l i t i e s ,  i n  o rde r  
t o  d e t e c t  poor ope ra t i ng  e f f i c i e n c y  a s  may r e s u l t  from wear and o t h e r  l e s s  
obvious causes t h a t  i n d i c a t e  need f o r  such t imely  r e p a i r s  a s  replacement of 
worn impe l l e r s ,  e t c .  

I n spec t i ons  should i n d i c a t e  t he  cond i t i on  of  t h e  p l a n t  forebay and d ischarge  
bay a r e a s ,  and arrangements should be made f o r  d i s p o s a l  of d e b r i s ,  d r i f t ,  and 
t r a s h  accumulations t h a t  would i n t e r f e r e  w i th  g a t e  ope ra t i on  and t r a s h  r acks .  
The i n s p e c t i o n  should d i s c l o s e  any e ro s ion ,  l e aks ,  and displacement  of r i p r a p  
p r o t e c t i o n  a t  foundat ions t h a t  should be r e p a i r e d .  A t  l e a s t  s ea sona l ly ,  
hinges and s e a t s  of f l a p  g a t e s  and s l i d e  c o n t r o l s  of va lve  ga t e s  should be 
l u b r i c a t e d  and t r i a l  opera ted .  Also,  s t o p  l ogs  and o t h e r  emergency equipment 
should be checked f o r  adequacy. 

Monthly i n spec t i ons  should i nc lude  t e s t  runs of pumps and power equipment. 
Power u n i t s  such a s  t he  g a s o l i n e  engine should ,be operated t o  check b a t t e r y  
u n i t s  and prevent  accumulation of condensat ion and s ludge i n  f u e l  l i n e s  and 
c a r b u r e t o r s .  Automatic c o n t r o l s ,  p a r t i c u l a r l y  t h e  so lenoid  type ,  a r e  q u i t e  
s u s c e p t i b l e  t o  d e t e r i o r a t i o n  a f t e r  per iods  of d i s u s e  and should be checked 
r e g u l a r l y .  These checks on t h e i r  cond i t i on  a r e  important  s i n c e  workmen s k i l -  
l ed  i n  t h e i r  r e p a i r  and maintenance a r e  no t  always r e a d i l y  a v a i l a b l e  a t  times 
of emergency. 

An ope ra t i ons  and maintenance manual should be prepared which w i l l  inc lude  
r e p a i r  manuals, shop drawings, wi r ing  diagrams,  plumbing diagrams, pe r iod i c  
( a s  monthly) i n spec t i on  s h e e t s ,  d i r e c t i o n s  f o r  ope ra t i on  and " t roubleshoot ing ."  



The manual should c o n t a i n  methods f o r  t e s t i n g  ope ra t i on  of pumps, c o n t r o l s ,  
and s a f e t y  swi tches .  

Accurate  ope ra t i on  and c o s t  r eco rds  a r e  necessary  f o r  adequate  superv is ion  
and economical ope ra t i on  of a pumping p l a n t .  P r even t ive  maintenance, proven 
l e a s t  expensive i n  cons t ruc t i on  and i n d u s t r y ,  r e q u i r e s  adequate  r eco rds  and 
maintenance schedules .  
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APPENDIX A 

Determining Pumping P l a n t  Capac i ty  Based on Hydrologic and Economic Fac tors  

Example 

A watershed p r o j e c t  i s  proposed f o r  t h e  Upper Maple River i n  G r a t i o t ,  C l in ton ,  
and Shiawassee Counties ,  Michigan t o  provide f lood  p ro t ec t i on  and improved 
dra inage  necessary  f o r  t h e  product ion  of navy bean and sugar  bee t  c rops .  
Engineering s tud ies*  show (a)  t h a t  water  r e t a r d i n g  s t r u c t u r e s  w i l l  provide 
on ly  a minor p a r t  of t he  needed f lood  p r o t e c t i o n ,  (b) t h a t  ex t ens ive  d ik ing  
and channel improvements a r e  necessary ,  and (c )  t h a t  s e v e r a l  low l ay ing  a r e a s  
behind d ikes  must be pumped a t  h igh  r i v e r  s t a g e s  i n  o rde r  t o  avoid ex t ens ive  
(economically i n f e a s i b l e )  channel  enlargement and deepening downstream. One 
of t h e  pumped a r e a s  would be loca ted  w i t h i n  Hamilton and Elba Townships i n  
G r a t i o t  County. (See f i g u r e  7A-1.) The d ikes  (extending along t h e  e a s t  bank 
of Bear Creek from a reach west of t he  town of  Ashley t o  a gated o u t l e t  i n t o  
t h e  Maple River  and thence a long  the  no r th  bank of Maple River  t o  a reach  west  
of t he  town of ~ a n n i s t e r )  would enc lose  24 square  mi les  of land t h a t  a t  h igh  
flows i n  Maple River would be dra ined  by pumps. The pumps a r e  t o  be l oca t ed  
near  t h e  j unc t i on  of Bear Creek and Maple River .  The pumping r a t e  i s  t o  be 
determined w i t h i n  an  accep t ab l e  c o s t - b e n e f i t  r a t i o  on t h e  b a s i s  of a n  eva lu-  
a t i o n  of va r ious  pumping r a t e s  and t h e i r  e f f e c t  upon the  f looding  and dra inage  
impairment of t he  a r e a  .** 
R a i n f a l l  de te rmina t ion  

S o i l  cond i t i ons  and land use  under p r o j e c t  o b j e c t i v e s  a r e  es t imated .  Amounts 
of r a i n f a l l  f o r  var ious  f requenc ies  of occurrence ranging from 3 hours  t o  
10 days '  d u r a t i o n  a r e  ob ta ined  from U.S. Weather Bureau Pub l i ca t i ons  TP 40 (4) 
and TP 49 (5) .  Values a r e  p l o t t e d  a s  shown i n  f i g u r e  7A-2. 

Runoff de te rmina t ion  

The amounts of runoff f o r  va r ious  du ra t i ons  and f requenc ies  of occurrence a r e  
determined a s  shown i n  t a b l e  7A-1. These va lues  a r e  obtained from f i g u r e  7A-2, 
s o i l  cover  complex number 77 s e l e c t e d  from t a b l e  9 .1  NEH Sec t i on  4 - Hydrology, 
and Standard Drawing ES 1001 ( f i g u r e  10.1 NEH s e c t i o n  4 - Hydrology) 

Watershed hydrograph bases (Chapter 16 - NEH Sec t i on  4 - Hydrology) a r e  d e t e r -  
mined u s ing  a computed time of concen t r a t i on  (T ) of 7.23 hours .  The time of 

C 
hydrograph peak (Tp) i s  based on equa t ion  

T P = g + 0 . 6 T c  

where D i s  the  s torm du ra t i on  and t h e  time of hydrograph base  (T ) is  de t e r -  
mined from the  equat ion 

b 

* SCS Watershed Work P lan  I n v e s t i g a t i o n s  by Huson A .  Amsterberg and 
Russel  H. Bauerle ,  Hydraul ic  Engineers ,  and John L .  Okay, A g r i c u l t u r a l  Economist. 

*ye Pumping f o r  A g r i c u l t u r a l  Areas by  Guy B .  Fasken, SCS, Lincoln,  Nebraska, 
and Pumping Requirements f o r  Levied A g r i c u l t u r a l  Areas by H .  W .  Adarns ( 6 ) .  
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Figure  7A-1, Pumping p l a n t  l o c a t i o n  



Table 7A-1 ,  R a i n f a l l  - runoff  du ra t ion  - frequency 

R a i n f a l l  l-Year Frequency 2-Year Frequency 5-Year Frequency 10-Year Frequency 25-Year Frequency 
Durat ion Inches Inches Inches Inches Inches 

Days R a i n f a l l  Runoff R a i n f a l l  Runoff R a i n f a l l  Runoff R a i n f a l l  Runoff R a i n f a l l  Runoff 



DURAT I ON, DAYS 

Figure  7A-2,  Rainfal l  duration-frequency 



The computed hydrograph base va lues  a r e  s h m n  i n  t a b l e  7A-2. 

Table 7A-2,  Hydrograph base time length  

Durat ion,  Hydrograph Base Time 
Days Tb , Days 

Mass runoff  curves a r e  prepared a s  shown i n  f i g u r e  7A-3 by p l o t t i n g  accumulated 
runoff  f o r  t h e  var ious  dura t ions  and f requencies  a g a i n s t  time of t h e  hydrograph 
bases . 
Runoff, pumping r a t e ,  s t o r w e  r e l a t i o n s h i p s  

By p l o t t i n g  pumping r a t e s  a g a i n s t  time of t he  hydrograph base a s  shown i n  
f i g u r e  7A-3 ,  t h e  maximum s to rage  f o r  each pumping r a t e  and frequency can be 
determined by measurement of t h e  maximum increment between t h e  pumping r a t e  
l i n e  and the  mass runoff  curve. This  i s  done by drawing a l i n e  r ep re sen t ing  
t h e  pumping r a t e  tangent  t o  t he  mass runoff  l i n e .  Where t h i s  l i n e  i n t e r c e p t s  
t h e  runoff  on the v e r t i c a l  a x i s ,  t he  maximum requi red  s to rage  f o r  the given 
frequency and pumping r a t e  i s  ind i ca t ed .  These s to rage  va lues  a r e  shown i n  
t a b l e  7A-3  and a r e  p l o t t e d  a g a i n s t  percent  chance of occurrence f o r  each 
pumping r a t e  a s  shown i n  f i g u r e  7A-4. 

Table 7A-3,  Required maximum s t o r a g e ,  inches  

Pumping Rate Frequency 
Inches / ~ a y  l-Year 2 -Year 5 -Year 10-Year 25 -Pear 

The a r e a  under each curve, determined by planimeter  measurement, g ives  t he  
average annual  s to rage  requirement f o r  each pumping r a t e  a s  shown i n  
t a b l e  7A-4 and from which t h e  curve shown i n  f i g u r e  7A-5 i s  developed. ' 



HYDROGRAPH BASE,  T b ,  DAYS 

Figure  7A-3,  Mass runo f f ,  frequency, du ra t i on ,  and pumping 
r a t e  r e l a t i o n s h i p s  





Table 7A-4, Average annual s t o r a g e  f o r  va r ious  pumping r a t e s  

Pumping Rate Area Under Value Average Annual 
Inches /Day Curve, Sq.In.  P e r  Un i t  S torage ,  Inches 

S tage-s torage  r e l a t i o n s h i p s  

A topographic survey  of t he  a r e a  i s  made from which a  topographic map i s  
prepared f o r  determining t he  s t age - s to r age  r e l a t i o n s h i p s .  Two-foot contour  
i n t e r v a l s  ( p r e f e r ab ly  1 - foo t )  a r e  e s t a b l i s h e d  from which mapped su r f ace  a r e a s  
a t  t h e  s e v e r a l  e l e v a t i o n s  a r e  measured by p lan imeter .  S tage ,  a r e a ,  s t o r age  
r e l a t i o n s h i p s  a r e  then  determined a s  t a b u l a t e d  i n  t a b l e  7A-5. 

Table  7A-5, S tage ,  a r e a ,  s t o r a g e  r e l a t i o n s h i p s  

T o t a l  Cumulative Cumulative 
Elev .  S tage  Area Cu l t i va t ed  S torage  S torage  S torage  

MSL Fee t  Acres Area - Acres Acre Fee t  Acre Fee t  Inches 

S tage ,  damage a r e a ,  b e n e f i t  a r e a  r e l a t i o n s h i p s  

Informat ion  i n  t a b l e  7A-5 i s  used t o  e s t a b l i s h  r e l a t i o n s h i p s  between s t a g e  
and t he  a r e a s  of f l ood ing  and a r ea s  of impaired dra inage .  

Area flooded i s  t h e  t o t a l  su r f ace  a r e a  a t  each e l e v a t i o n .  Impaired dra inage  
i s  determined on t h e  b a s i s  of normal depth of t i l e  below t h e  s u r f a c e  (3  f e e t  
i n  Michigan) p lus  an  added foo t  t o  a l l ow  f o r  t he  t i l e  s l o p e  toward t he  o u t l e t .  
Drainage impairmement i s  considered as occur r ing  when the  r e s u l t i n g  e l e v a t i o n  
of t i l e  i s  submerged. When the pump s t o r a g e  a r e a  i s  f looded t o  a  s p e c i f i e d  
e l e v a l i o n ,  t h e  a r e a  a t  a n  e l e v a t i o n  of 4 f e e t  above the  s p e c i f i e d  e l e v a t i o n ,  
l e s s  t h e  f lood  a r e a  a t  t h e  s p e c i f i e d  e l e v a t i o n ,  then  becomes t he  a r e a  of 
d r a inage  impairment. Table 7A-6 g ives  t h e s e  va lues .  Re la t ionsh ips  of e l eva -  
t i o n  t o  s t o r a g e ,  c u l t i v a t e d  and f looded ,  and a r e a  of impaired dra inage  can 
then be determined a s  shown i n  f i g u r e  7A-6. 



AVERAGE STORAGE USED ANNUALLY, l NCHES 

Figure 7A-5, Average annual storage at various pumping rates 



Table 7A-6, Rela t ionsh ips  - s t a g e  t o  impaired dra inage  a r e a  

T o t a l  Impaired 
E l eva t i on  Sur face  Flooded A£ f ec t ed  Drainage 

MS L Acres Acres Acres Acres 

Pumping r a t e ,  s t o r a g e ,  and damage a r e a  r e l a t i o n s h i p s  

From t h e  e s t a b l i s h e d  r e l a t i o n s h i p s  of pumping r a t e s ,  annual  s t o r a g e ,  s t o r a g e  
e l e v a t i o n s ,  and r e l a t e d  a r e a  f looded,  t h e  a r e a  of b e n e f i t  i s  determined. 
These r e l a t i o n s h i p s  and t h e i r  sources a r e  shown i n  t a b l e  7A-7. 

Table  7A-7, Re l a t i onsh ips -  s t a g e ,  s t o r age ,  pumping r a t e ,  and a f f e c t e d  ac r e s  

Average Average Average Annual 
Annua 1 Related Sump Annua 1 Area Benefi ted 

S torage  Used E leva t i on  Area Flooded by 
Pumping Rate Inches MSL Acres Reduced Flooding 

Inches / ~ a ~  F i g .  7A-4 Fig.  7A-5 F ig .  7A-5 Acres 

Value of damages and b e n e f i t s  

Flood damages occur through reduc t ion  i n  y i e l d s ,  increased  product ion c o s t s ,  
and r educ t i on  i n  c rop  q u a l i t y .  From an  economic s tudy  (based on a  complex 
economic model eva lua t i ng  such f a c t o r s  no t  explained h e r e i n ) ,  an  average 
annual  f lood  damage of $22 .57  per  c u l t i v a t e d  a c r e  has been determined.  This  
va lue  a l s o  r ep re sen t s  t h e  b e n e f i t s  a cc ru ing  t o  each a c r e  f o r  which f looding  



Figure 7A-6 ,  Relat ionships of stage, storage,  and affected areas 



i s  prevented.  Applying t h i s  va lue  t o  the-  ac re s  bene f i t ed ,  t h e  average annual 
f lood  damage reduct ion  f o r  each pumping r a t e  i s  determined a s  shown i n  
t a b l e  7A-8. 

Table 7A-8, Rela t ionships  - pumping r a t e  t o  b e n e f i t s  

Pumping Rate Area Benefi ted Bene f i t s  Annua 1 Bene f i t s  
Inches /Day Annually-Acres Dollars/Acres Dol la rs  

The e f f e c t  of impaired dra inage  i s  eva lua ted .  P l o t t e d  mass curves and pumping 
r a t e s  of f i g u r e  7A-3 a r e  used t o  determine the  s to rage  requi red  each day f o r  
var ious  f requencies  and pumping r a t e s .  Table 7A-9 shows t h e  da t a  f o r  no 
pumping and f o r  a pumping r a t e  of one-half inch per  day. Other pumping r a t e s  
a r e  eva lua ted  (not  shown h e r e i n ) ,  F igure  7A-6 i s  used t o  convert  s t o rage  t o  
a c r e s  of impaired dra inage .  Information f o r  du ra t ion  of impaired drainage a t  
a  pumping r a t e  of one-half inch per  day i s  shown i n  f i g u r e  7A-7. 

From a c rop  budgetary model (not explained he re in ) ,  t h e  average annual damage 
from impaired dra inage  caused by reduced y i e l d s ,  increased  product ion c o s t ,  
and reduced crop q u a l i t y  i s  determined t o  be $14.85 pe r  c u l t i v a t e d  a c r e .  This  
a l s o  r ep re sen t s  t h e  n e t  b e n e f i t  obtained by dra inage ,  a l lowing  f o r  t he  on-farm 
c o s t  of dra inage  improvement. 

It i s  assumed t h a t  dra inage  impairment f o r  3 days o r  l e s s  causes no measurable 
crop damage, t h a t  impairment during the  growing season f o r  21 days or  more 
causes damage equal  t o  t h a t  on land wi thout  i n s t a l l e d  d ra in s ,  and t h a t  a  l i n e a r  
r e l a t i o n s h i p  e x i s t s  between damage va lue  and du ra t ion  of impairment. Thus 
average damage pe r  day of du ra t ion  can be taken  t o  be $0.825. 

From p l o t t i n g s  of a c r e s  of impaired dra inage  and days d u r a t i o n  f o r  the var ious  
f requencies  and pumping r a t e s ,  t he  a c r e  days of impaired dra inage  exceeding 
3 days du ra t ion  a r e  measured. Since damage of impaired dra inage  i s  f o r  more 
than 3 and l e s s  than 21 days,  t he  a c r e  days f o r  no pumping a r e  18 times t he  
a c r e s  e f f e c t e d .  This  information i s  shown i n  t a b l e  7A-10. Damage f o r  var ious  
pumping r a t e s  and f requencies  i s  then determined on t h e  b a s i s  of $0.825 per  
a c r e  day. T o t a l  damages a r e  determined by p l o t t i n g  damages a g a i n s t  percent  
chance of occurrence and measuring the  a r e a  under t he  curve a s  shown i n  
f i g u r e s  7A-8 and 7A-9 f o r  no pumping and f o r  pumping one-half  inch a  day, 
r e spec t ive ly .  Other r a t e s  a r e  measured next  and then  t abu la t ed  a s  shown i n  
t a b l e  78-11, This  t a b l e  shows f lood and impaired dra inage  damages and cor-  
responding weighted b e n e f i t s  by seasonal  s torm d i s t r i b u t i o n .  Tota l  average 
annual  b e n e f i t s  a r e  p l o t t e d  a s  shown i n  f i g u r e  7A-10. 



Table 7A-9, Rela t ionsh ips  - impaired dra inage  and s t o r a g e  f o r  va r ious  f requenc ies  and pumping r a t e s  

Time 
A£ t e r  1-Year Frequency 2-Year. Frequency 5-Year Frequency 10-Year Frequency 25-Year Frequency 
Runoff S torage  Impaired 

Pumping Begins Required Drainage 
Rate Days Inches Acres Inches Acres Inches Acres Inches Acres Inches Acres 

N o  
Pumping Maximum 1.41 1,990 1 - 7 1  2,025 2.45 2,070 3.13 2,110 3.74 2,120 

0 .5  
I n .  /Day 1 0 - 0 - 0.24 2,210 0.50 2,020 0.72 1,900 



I M P A I R E O  D R A I N A G E ,  ACRES x 100  
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Table 7A-10, Damages f o r  various pumping r a t e s  and frequencies of occurrence 

Frequency Area 
Pumping o f Under Impaired Damages Total  

Rate Occurrence Curve Value per Drainage $0.825 Damage 
1 n c h / ~ a ~  Year Sq .In. Unit Acre-Day Per Acre-Day Dollars 



PER CENT CHANCE OF OCCURRENCE 

F i g u r e  7A-8,  Impaired d r a i n a g e  damages w i t h  no pumping 
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Figure 7A-9, Value of damage by impaired drainage at 1/2 inch 
per day pumping rate 
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Table 7A-11, Average annual  damages and b e n e f i t s  f o r  va r ious  pumping'rates  

Area Flooded Area With Impaired Drainap.e 
Average Average Damages Weighted 

Pumping Annua 1 Annual @. 22.57 Bene f i t s  Average Average Average 
Rate Area Area Per  Cul t  P e r  Cu l t  Annua 1 Annual Annual 

~ n c h e  s / Flooded Benefi ted A A Damages Benef i t s  Bene f i t s  

Day C u l t  A Cul t  A Do l l a r s  Do l l a r s  Do l l a r s  Do l l a r s  Do l l a r s  

1/ Weighted by 63.9 percent  of excess ive  storms which occur dur ing  t h e  growing season ( A p r i l  through - 
November). 

2 /  Not eva lua ted  because pumping r a t e s  l e s s  than 0.3 inch  per  day a r e  u s u a l l y  considered inadequa.te. - 



PUMPING RATE, INCHES PER DAY 

Figure  7 A - 1 0 ,  Cost -benef i t  r e l a t i o n s h i p  a t  var ious  pumping rates 



Opera t ing  c o s t s  

To bpt imize  b e n e f i t s  a  r e l a t i o n s h i p  i s  needed between pumping r a t e s  and t o t a l  
c o s t s .  Costs  f a l l  i n t o  two c a t e g o r i e s .  The f i r s t  inc ludes  c o s t  of t he  pump- 
i ng  p l a n t  i n s t a l l a t i o n ,  inc lud ing  t he  sump and housing,  t h e  pumps, power u n i t s ,  
land r i g h t s ,  engineer ing ,  and i n s t a l l a t i o n .  The second inc ludes  t he  cos t  of 
power, ope ra t i on ,  maintenance, and equipment replacement .  

S ince  g r a v i t y  o u t l e t  w i l l  be obtained a t  low r i v e r  f lows,  percent  of t o t a l  
runoff  pumped is  determined a s  fol lows:  The main channel  d i s cha rge  a t  which 
pumping must begin i s  computed i n  cubic  f e e t  pe r  second and cubic  f e e t  per  
second pe r  square  m i l e .  S ince  d i scharge  records  f o r  Maple River  watershed 
were no t  a v a i l a b l e ,  t h e  cubic f e e t  per  second p e r  square  mi le  r a t e  i s  appl ied  
a s  a  base determined from the  Red Cedar River a t  Eas t  Lansing, which i s  a  
nearby gaged watershed of s i m i l a r  s i z e  and c h a r a c t e r i s t i c s .  Dates  when the  
d i s cha rge  exceeded t h e  es t imated  base flow a r e  t abu l a t ed  f o r  9 years  of r eco rd .  
Deer Creek, a  smal l  gaged watershed w i t h i n  t h e  Red River  watershed ,  d r a in ing  
an  a r e a  of 16.3 square  mi l e s ,  i s  used t o  determine t he  volume of runoff  oc- 
c u r r i n g  when the  Red Cedar was above base flow. The percent  runoff  above t h e  
base ,  a s  compared t o  t o t a l  r uno f f ,  i s  then  app l i ed  t o  the  Maple River runoff  
t o  determine t he  volume of runoff  t h a t  must be pumped. These d a t a  a l s o  pro- 
v i d e  a  seasona l  d i s t r i b u t i o n  f o r  pumping by months, used i n  determining 
ope ra t i ng  c o s t s .  

I n s t a l l a t i o n  c o s t s  and equipment replacement c o s t s  a r e  amort ized and added t o  
annual  ope ra t i ng  c o s t s  t o  ob t a in  a  t o t a l  average annual  c o s t .  These d a t a  a r e  
l i s t e d  i n  t a b l e  7A-12 and p l o t t e d  i n  f i g u r e  7A-10. 

Table  7A-12, Cos t -benef i t s  a t  va r ious  pumping r a t e s  

T o t a l  T o t a l  T o t a l  
Average Annual Average Annual Average Annual 

Pumping Rate Damages I/ Bene f i t s  Pump Costs  
Inches / ~ a ~  Do l l a r s  Do l l a r s  Do l l a r s  

1/ Flood damages p lu s  weighted dra inage  damages from t a b l e  7A-11. - 
2/ Not eva lua ted  because pumping r a t e s  l e s s  than 0 . 3  i n c h  pe r  day a r e  - 

u s u a l l y  considered inadequate  

Pumping r a t e  a t  optimum c o s t - b e n e f i t  r a t i o  

Opt imiza t ion  c r i t e r i a  a r e  based on an equimarginal  p r i n c i p l e  i n  which addi -  
t i o n a l  u n i t s  of i npu t  a r e  added u n t i l  c o s t  of t h e  l a s t  u n i t  of input  equa ls  
t h e  va lue  of t h e  u n i t  s o  produced. Thus optimum pumping r a t e  occurs  when a n  
incremental  i nc r ea se  i n  t he  pumping r a t e  j u s t  equa ls  t h e  added b e n e f i t s  der ived  
by removing water  a t  t h e  h igher  r a t e ,  o r  t he  s l o p e  of t h e  c o s t  curve equals  



t he  s lope  of t h e  b e n e f i t  curve.  As shown i n  f i g u r e  7A-10 and t a b l e  7A-13, 
moving from the  0.3-inch t o  t he  0.4-inch r a t e ,  b e n e f i t s  i nc rease  $6,611 
whereas c o s t s  increase  only  $2,536. I n  moving from the  0.4-inch t o  t h e  
0.5-inch r a t e ,  b e n e f i t s  i nc rease  $2,413 whereas c o s t s  i nc rease  $1,113. 
However, i n  moving from the  0.5-inch t o  t h e  0.6-inch r a t e ,  b e n e f i t s  i nc rease  
only $349 whereas c o s t s  i nc rease  $5,036. Then somewhere between the  0.5-inch 
and 0.6-inch r a t e  i s  t he  app rop r i a t e  pumping r a t e  t o  use .  Considering t h e  
accuracy of topographic coverage and the  c o s t  spread between increments, the  
0.5-inch i s  s e l e c t e d .  

Table 7A-13 ,  Rela t ionships  - c o s t - b e n e f i t  a t  var ious  pumping r a t e s  

Pumping Rate Change i n  Bene f i t s  Change i n  Costs  





APPENDIX B 

Design of Farm Drainage Pumping P l a n t  

Example 

A pumping p l a n t  i s  requi red  t o  remove runoff  from 236 a c r e s  of low land on a 
440-acre farm near  Bayou John, Louisiana i n  o rde r  t o  grow sugarcane.  Drainage 
of h igher  land  on t h e  farm has been d ive r t ed  from t h e  low a rea  t o  an adequate 
g r a v i t y  o u t l e t .  The low land i s  p ro t ec t ed  from t i d a l  overflow by a border  
d ike  cons t ruc ted  from m a t e r i a l s  excavated from adjo in ing  d i t ches  w i t h i n  t h e  
pro tec ted  a r e a .  The land lacks  s u f f i c i e n t  e l e v a t i o n  f o r  adequate g r a v i t y  
dra tnage  i n t o  the  t i d a l  o u t l e t .  Surveys show ground e l eva t ion  i n  low a r e a s  
a t  -1.0 mean s e a  l e v e l  and nea r  the  proposed pump s i t e  a t  -1.5 m s l .  E leva t ion  
i n  bottom of d i t c h  a t  t h e  pump s i t e  i s  -5.5 msl.  Average yea r ly  high t i d e  i s  
E l .  2.0 msl and a 10-year frequency high wa te r  i s  E l .  3.0 m s l .  S o i l s  a r e  
poorly dra ined  Sharkey c l a y  loam which permit  l i t t l e  seepage i n t o  t h e  a r e a  
and provide no apprec iab le  ground water  s t o r a g e  o r  f i e l d  d i t c h  s to rage  f o r  
runoff  i n  t h e  requi red  su r f ace  dra inage  system. Some s to rage  i s  a v a i l a b l e  i n  
t h e  borrow d i t ches  along the  d i k e s .  A gaso l ine  engine w i l l  be used t o  supply 
power t o  t h e  pump t o  be housed over  a  concre te  sump. Pump d ischarge  w i l l  be 
piped over  the  d ike .  

Pump p l a n t  l oca t ion  

The pumping p l an t  w i l l  be loca ted  w i t h i n  s e v e r a l  hundred f e e t  of Poin t  A as 
shown i n  genera l  layout  f i g u r e  7B-1 and between the d i k e  and borrow d i t c h .  

Pump p l a n t  capac i ty  

The pump capac i ty  w i l l  be t h e  requi red  runoff  removal r a t e  f o r  t he  236 a c r e s  
a t  3 inches i n  24 hours a s  determined from t h e  l o c a l  dra inage  guide,  l e s s  
t h e  s to rage  a v a i l a b l e  i n  t h e  borrow d i t c h e s  which i s  equal  t o  0.43 inch ,  o r  
a  n e t  r a t e  of 2 .57 inches i n  24 hours .  

Pump capac i ty  = 236 x 43 ,560  x 2.57 x 7.48 
1 2  24 60 

( i n .  /ft) (h r s .  /day) (min. / h r  .) 

= 11,436 GPM 

Pump type and s i z e  

Stage i n  t h e  sump w i l l  f l u c t u a t e  between -5.5 f e e t  and -1.5 f e e t  w i t h  an 
average s t a g e  of -3.5 f e e t .  Minimum s t a t i c  head w i l l  be 4 . 5  f e e t  ( -1.5 '  rnsl 
t o  +3.0'  rnsl). Maximum s t a t i c  head w i l l  occur when t h e  sump i s  empty, equal  
t o  8 .5  f e e t  (-5.5'msl t o  +3.0' rnsl), and i s  expected t o  be of s h o r t  du ra t ion .  
(See f i g u r e  7B-2.) Pump s e l e c t i o n ,  t h e r e f o r e ,  may be based on average s t a t i c  
head, bu t  t h e  power supply on maximum s t a t i c  head t o  avoid poss ib l e  engine 
overload when pumping a t  t he  maximum head. 

Based on l i t t l e  seepage, moderate capac i ty ,  and low r i s k  damage i n  case  of 
temporary pump f a i l u r e ,  on ly  one pump w i l l  be used.  Based on low pumping 
head and moderate capac i ty  ( a l s o  s e e  s e l e c t i o n  c h a r t  f i g u r e  7-4) and 



Bayou John / 

HG El. at A - -1.5 7 

Figure  7B-1, Pump drainage s i t e  layout 



Automatic Siphon V a i v e  

30" steel p i p e  

El, 3 . 0 '  10 year 

Normal Ground 

Reinforced  

T r a s h  s c r e e n  and i n l e t  e x t e i ~ d e d  
below normal  d i t c h  bottom and 
d i t c h  deepened g r a d u a l l y  toward 
sump to increase storage and 
improve flow 

Drawing n o t  t o  scale 

;':Adjusted t o  s p a c e  needed 
f o r  t h e  power u n i t  

F i g u r e  7B-2,  Cross s e c t i o n  o f  pumping p l a n t  l a y o u t  



manufac turer ' s  pump recommendations ( f i g u r e s  7B-3 and 7B-4), a  p r o p e l l e r  pump 
w i l l  be used.  A 10 f e e t  pe r  second d ischarge  v e l o c i t y  i s  used a s  i n  t he  range 
of e f f i c i e n t  pump performance f o r  a capac i ty  of 11,436 GPM (equal  t o  25.5 c f s ) .  

The requi red  pump c ros s  s e c t i o n  a r e a  A = = 255 = 2.55 square f e e t  v 10 

112 112 
The requi red  pump diameter  = 

3.1416 

- 1.8 f t .  = 21.6 i n .  o r  say 22 in .  
( a l s o  s e e  t a b l e  7-4) 

A 24-inch diameter  pump w i l l  be used as n e a r e s t  manufactured s i z e  r e a d i l y  
a v a i l a b l e .  

Engine size 

A gaso l ine  engine w i th  d r i v e  through gearbox w i l l  be used .  

24-inch pump v e l o c i t y  (V1) a t  design d ischarge  = ' = 15.1_ = 8.12 fp s  
A 3.1416 

L 

Veloc i ty  head (hV ) = V1 = 65.93 = 1.02 ( a l s o  s e e  f i g u r e  7-6) 
2g 64.4 

Discharge pipe i s  t o  be enlarged from 24-inch diameter  (dl) a t  pump 
t o  30-inch diameter  (d2) w i t h i n  d i s t ance  of 2 f e e t .  Loss i n  head (h2) 
from gradual  enlargement may be computed from formula 6-33 and va lues  i n  
t a b l e  6-8 of King and Bra t e r  Handbook of Hydraul ics  ( 9 ) .  

h2 = K (A) = 0.09 n 1.02 = 0.09 f e e t  
2 2 g  

where: 

V1 = v e l o c i t y  i n  smal le r  pipe = 1.02 

2 
d2 30 - 1.25 and K = value  from t a b l e  = 0.09 f o r  - = - - 
dl 24 

ang le  of cone = 140201 (approx.) 

t a n  112 angle  = 0.25 = 0.125--112 ang le  = 7"101 (approx.) 
2.0 

25 5 
Ve loc i ty  a t  d i scharge  (V2) = - = 5.2 fps where c ros s  s e c t i o n  a r ea  4.9 

of 30-inch s t e e l  p ipe  = 4.9 square f e e t  

L 

Veloci ty  head (hV ) = Y1 = - 27 '0  - - 0.42 foo t  
2  2g 64.4 



No # d/ a hdes 

d r e s s e r  coup/,nq 

ond "C"  ore requfred e/ /er m /c  f 

Rack W O /  

Figure 7 B - 3 ,  Layout of p r i n c i p a l  dimensions - v e r t i c a l  
axial f l aw pumps 



* ' ' ~ ' ' = d / s f o n c e  f r o m  pump ver f / ' co /  cenfer //ne f o  s/de wo// .  

" r ? K " = d ~ ' ~ ~ a n c e  b e t w e e n  t he  v e / f / c o /  cenfer //he$ UP t p u m p s  
wj+' 7uf s e p o r u f ~ n ~  wa//. 



Friction loss in 44 feet of 30-inch steel pipe over the dike using 
Manning equation, formula 6-26c King and Brater Handbook of Hydraulics 
(9) (also see figure 7-6) equals 

2 
2.87 n 11 V2 2.87 x (0.015)~ x 44 x (5,212 

h = - - 
f d4/3 = 0.23 ft. 

( 2  

where : 

h = head loss in feet 
f 

n = friction factor = 0.015 

L = length of pipe in feet = 44 

V2 = velocity in discharge pipe in fps = 5.2 

d = diameter of pipe in feet = 2.5 

Friction loss in bends (for long radii up to 450) using formula 6-39 and 
figure 6-5 for 90° bends, and 25 percent reduction for 45O bends, from 
King and Brater Handbook of Hydraulics (9), loss in one 45O bend equals 

= 0.063 ft. 

where the value of Kb in figure 6-5 for a bend radius (R) to pipe 

or 5 is equal to 0.2. diameter (d) of 

Total h for 3 bends = 3 x 0.063 = 0.19 ft. 
d 

Total significant losses plus velocity head at discharge 

= 0.09 + 0.23 + 0.19 + 0.42 = 0.93 ft. 

Total head equals static head plus significant head losses plus velocity 
head 

= 8.50 4- 0.93 = 9.43 ft, 

Required power 

Pending final selection of engine and pump, the following efficiencies 
are assumed in order to determine approximate engine size required: 
pump 70X, transmission 95%, and engine 70%. 



Then required horsepower is 

GPM x Total Head 
BHP = 

3,960 x Efficiency 

Use 60 horsepower engine. 

Assuming the design specific speed of the pump in the required range of head 
and capacity of 17,500 (see figures 7-8 and 7-11 and the Hydraulic Institute 
Standards ( I ) ) ,  RPM of the pump at design capacity can be computed from 
equation 7-5 where 

Specific Speed x (Hl3I4 
RPM = 

( G r n )  

Using a standard heavy duty gasoline engine of an operating speed of 1,800 RPM, 
a 2 to 1 reduction gear transmission is required. 

Sump dimensions 

Using Hydraulic Institute recommendations (see figures 7-14 and 7-15) pending 
final design adjustments to meet manufacturer's requirements (see figures 7B-3 
and 7B-4) of the selected pump, the following sump dimensions should be 
provided : 

Bottom of pump bell to top of sump floor 12 inches 
Centerline of pump to backwall of sump 28 inches 
Centerline of pump to sidewall of sump 32 inches 
Sump floor below pump-stop level ( E l .  - 5 . 5 )  96 inches 
Center of trash rack to back wall of sump 165 inches 

Other dimensional requirements in determining final sump size (not covered 
herein) will include space necessary for housing the selected pump, power and 
transmission unit, weight against buoyant uplift, and flow entrance to limit 
velocity and provide capacity. 
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CHAPTER 8. DRAINAGE OF ORGANIC SOILS 

General  

General  i n v e s t i g a t i o n s ,  des ign ,  and development of dra inage  f a c i l i t i e s  f o r  
organic  s o i l s  fol low t h e  same procedure used i n  d ra in ing  mineral  s o i l s .  
However, modif icat ions and adjustments  must be made t o  meet p rope r t i e s  and 
problems inherent  w i th  such s o i l s .  These inc lude  depth of formation, v a r i -  
a t i o n s  i n  dra inage  capac i ty ,  water-holding capac i ty ,  combus t ib i l i t y ,  e ros ion ,  
shr inkage  and swel l ing ,  subsidence,  and a v a i l a b i l i t y  of o u t l e t .  Appropriate  
des ign  f a c t o r s  should be worked out  i n  dra inage  guides .  

High land va lues ,  coupied w i t h  small  and i n t e n s i v e l y  c u l t i v a t e d  hold ings ,  
f r equen t ly  complicate des ign  of dra inage  systems f o r  such s o i l s  by (a) neces- 
s i t a t i n g  t h e  f i t t i n g  of t h e  dra inage  p a t t e r n  t o  va r i ed  proper ty  boundaries ,  
(b) l i m i t i n g  the  open channel  t o  t he  l e a s t  pos s ib l e  land a r e a ,  and (c )  r e -  
q u i r i n g  f l e x i b l e  water  con t ro l s  t o  s u i t  varying opera t ions  of many owners. 

C l a s s i f i c a t i o n  of Organic S o i l s  

General  p rope r t i e s  of orpanic  s o i l s  

Organic s o i l s  involved i n  dra inage  problems a r e  those t h a t  a r e  s a t u r a t e d  
w i t h  w a t e r  f o r  prolonged per iods  of time o r  have been a r t i f i c i a l l y  drained.  
Di f fe rences  among such organic  s o i l s ,  commonly c a l l e d  pea ts  and mucks, 
r e f l e c t  t h e i r  response t o  dra inage .  These d i f f e r e n c e s ,  i n  t u rn ,  r e f l e c t  
v a r i a t i o n s  i n  t h e i r  cha rac t e r  and o r i g i n .  I n  t he  c l a s s i f i c a t i o n  of organic 
s o i l s ,  e f f o r t s  have been made'to i n d i c a t e  t he se  d i f f e r ences  . 
The c l a s s i f i c a t i o n  of organic s o i l s  followed i n  s o i l  surveys of t he  
U . S .  Department of Agr i cu l tu re  and Land Grant  Colleges i s  based on a number 
of s o i l  p rope r t i e s .  Major emphasis i s  given t o  t h e  na tu re ,  arrangement and 
th ickness  of d i s t i n c t i v e  l a y e r s  i n  t h e  p r o f i l e ,  mineral  content ,  and s t a g e  
of decay. Broad c l a s s e s  have been d i s t i ngu i shed  according t o  s t a g e  of de- 
composition a s  F i b r i c ,  Hemic, o r  Sapr ic .  The F i b r i c  a r e  t he  l e a s t  decom- 
posed, t h e  Sapr ic  most decomposed, and t h e  Hemic a r e  i n  an in te rmedia te  
s t a g e  o f  decomposition between t h e  F i b r i c  and Sap r i c .  Pea ts  a r e  t he  l e a s t  
decomposed and mucks t he  most. 

C l a s s i f i c a t i o n  of organic s o i l s  h igh ly  u s e f u l  t o  t h e  drainage s p e c i a l i s t  has 
been on the  bas i s  of mineral  mat te r  content ,  a s  ash  res idue  from burning,  and 
the  bo tan i ca l  composition. 

Mineral  mat te r  content  

I n  the  s o i l  survey,  organic s o i l s  a r e  d i s t i ngu i shed  from mineral  s o i l s  when 
t h e  su r f ace  l aye r  i n  i t s  n a t u r a l  s t a t e  has a  th ickness  of 16 inches o r  more, 
and has e i t h e r  (a)  20 percent  o r  g r e a t e r  organic  ma t t e r  content  when the  
mineral  f r a c t i o n  has l i t t l e  o r  no c l a y ,  (b) 30 percent  o r  g r e a t e r  organic 
ma t t e r  content  when t h e  mineral  f r a c t i o n  has 50 percent  or more c l ay ,  o r  

8- 1 



(c )  an  o rgan i c  ma t t e r  conten t  t h a t  v a r i e s  from 20 t o  30 percent  when the  c l ay  
conten t  of t he  minera l  f r a c t i o n  ranges from 0 t o  50 pe rcen t ,  r e s p e c t i v e l y .  

I n  land d ra inage ,  o rgan i c  s o i l s  a r e  c l a s s i f i e d  by dra inage  s p e c i a l i s t s  accord-  
ing  t o  i g n i t i o n  l o s s .  Pea t s  a r e  def ined  a s  conta in ing  50 percent  o r  more 
o rgan i c  ma t t e r  and mucks a s  conta in ing  l e s s  than  50 p e r c e n t .  Genera l ly ,  mucks 
a r e  p r e f e r r ed  f o r  a g r i c u l t u r a l  use  because they d r a i n  b e t t e r ,  s h r i n k  l e s s ,  
work more e a s i l y ,  and need l e s s  f e r t i l i z e r .  

Some minera l  s u r f a c e  s o i l s  a r e  s o  h igh  i n  organic  ma t t e r  t h a t  they behave 
somewhat l i k e  organic  s o i l s .  Such s o i l s  u s u a l l y  a r e  i n t e rmed ia t e  i n  char-  
a c t e r  between t he  organic  and mineral  s o i l s .  However, i n  t he  s o i l  survey 
they  a r e  c l a s s i f i e d  i n  an app rop r i a t e  s e r i e s  of minera l  s o i l s .  A n  example 
i s  t he  Bayboro s o i l s  s e r i e s  which occurs  along t h e  A t l a n t i c  seaboard.  Some 
members of t h i s  s e r i e s  s o  n e a r l y  approach t he  cha rac t e r  of mucks o r  pea ts  i n  
t he  s u r f a c e  l a y e r s  t h a t  one s o i l  type has been c a l l e d  Bayboro mucky loam t o  
d i s t i n q u i s h  i t  from Bayboro loam. 

Botan ica l  composition 
Broad groups of o rgan i c  s o i l s  a r e  recognized on t h e  b a s i s  of b o t a n i c a l  compo- 
s i t i o n .  These groups a r e  the sedimentary pea t s  and mucks, sedge pea t s  and 
mucks, moss pea t s  and mucks, and woody pea t s  and mucks. A d e t a i l e d  de sc r ip -  
t i o n  of t he se  groups i s  contained i n  USDA B u l l e t i n  1419 by Dachnowski-Stokes 
(1 ) .  

Sedimentary pea t s  and mucks. - Sedimentary pea t s  and mucks c o n s i s t  of f i n e -  
t ex tu red ,  nonfibrous organic  ma t t e r  der ived  from a q u a t i c  vege t a t i on  i n  which 
a r e  s c a t t e r e d  remains of a l g a e ,  plankton and p o l l e n .  Gene ra l l y ,  t he se  de- 
p o s i t s  a r e  b lack  o r  g r een ,  r a t h e r  e l a s t i c ,  and h igh ly  c o l l o i d a l .  Normally 
accumulat ing i n  deep wa te r ,  they a l s o  occur c h a r a c t e r i s t i c a l l y  a s  deep l a y e r s ,  
o f t e n  i n  depress ions  w i th  s t r o n g l y  s l op ing  s i d e s .  Upon d ry ing ,  t he se  s o i l s  
s h r i n k ,  c r ack ,  and f i n a l l y  become ha rd .  Once d r y  they absorb water  very  
s lowly.  They l a c k  s t a b i l i t y  and f i rmness under load and a r e  expensive t o  
d r a i n .  A f t e r  being dra ined  they a r e  poor f o r  c rop  product ion because of 
unfavorab le  phys ica l  p r o p e r t i e s  and mois ture  r e l a t i o n s h i p s .  Where sedimen- 
t a r y  pea t s  o r  mucks occur  i n  t h e  form of t h i n  l a y e r s  i n  a  p r o f i l e  of coa r se r  
pea ts  o r  mucks, they  can o f t e n  be broken up mechanical ly  and mixed w i th  t he  
c o a r s e r  m a t e r i a l s .  

Sedge pea t s  and mucks. - Sedge pea t s  and mucks a r e  t h e  r e s idues  from sedges ,  
r e eds ,  and g r a s s l i k e  p l a n t s  of var ious  s i z e s .  Some r e s idues  a l s o  come from 
o t h e r  p l a n t s  so  t h a t  t he se  p e a t s  and mucks a r e  comon ly  heterogeneous.  They 
a r e  g e n e r a l l y  porous,  f i b r o u s ,  and have a  wide v a r i e t y  of s i z e s  of p l a n t  
remains. They decompose s lowly and have l e s s  tendency t o  s h r i n k  and subs ide  
than  do sedimentary o r  moss pea ts  and mucks. They d r a i n  r e a d i l y ,  a r e  moder- 
a t e l y  f e r t i l e ,  and a r e  gene ra l l y  good f o r  a g r i c u l t u r a l  u se .  

Moss pea t s  and mucks. - Moss pea t s  and mucks c o n s i s t  most ly of r e s idues  from 
sphagnum and hypnum mosses. They a r e  spongy and f i b r o u s  though f i n e r  than 
sedge pea t s  and mucks. sphagnum pea t s  are low i n  p l a n t  n u t r i e n t s ,  s t r o n g l y  
a c i d ,  and of l i t t l e  a g r i c u l t u r a l  va lue .  Hypnum pea t s  a r e  f a i r l y  dark  i n  
c o l o r ,  somewhat l e s s  a c i d ,  and b e t t e r  s u i t e d  f o r  c rop  product ion .  Moss pea t s  
and mucks u s u a l l y  absorb water  i n  amounts equa l ing  5 o r  6 times t h e i r  d ry  
weight  but  may absorb  a s  much a s  20 t imes t h e i r  d ry  weight .  These s o i l s  a r e  
hard t o  d r a i n ,  tend t o  s h r i n k  g r e a t l y  a s  they  d ry  o u t ,  and swel l  markedly 
when wet .  I f  they a r e  overdrained t h e  o rgan i c  r e s idues  pack poor ly  and t he  
s o i l  becomes droughty.  Where l aye r s  of moss pea t  occur  i n  p r o f i l e s  c o n s i s t i n g  



mainly of sedge or  woody pea t  they r e t a i n  moisture and r e t a r d  movement of 
water  taward o u t l e t s .  Thus, they lead t o  uneven shrinkage i f  d r a i n s  a r e  
widely spaced.  

Woody pea t s  and mucks. - Woody pea ts  and mucks commonly c o n s i s t  of g r anu la r ,  
w e l l  d i s i n t e g r a t e d  res idues  of woody p l a n t s  mixed w i t h  some wood fragments. 
The r e s idues  may come from deciduous o r  coniferous t r e e s ,  from var ious  shrubs 
such a s  hea th ,  willow and a l d e r ,  o r  from a l l  of these  p l a n t s .  V e r t i c a l  sec-  
t i o n s  a r e  r e l a t i v e l y  homogeneous a s  a  r u l e  though ho r i zon ta l  bands of s l i g h t l y  
decayed r e s idues  may occur. These pea ts  and mucks a r e  l e s s  p l a s t i c  and cohe- 
s i v e  than t h e  o the r  t h r ee  k inds .  They a r e  i n c l i n e d  t o  s loughing i n  t he  banks 
of deep d r a i n s .  Water v e l o c i t i e s  need t o  be kept  low i n  channels d ra in ing  
l a rge  a r e a s .  I n  genera l ,  woody pea t s  and mucks have lower water-holding 
c a p a c i t i e s  than o the r s  and, t h e r e f o r e ,  d r a i n  more r e a d i l y .  Once dra ined  and 
developed, they have r e l a t i v e l y  favorable  phys i ca l  p rope r t i e s  and can be used 
succes s fu l ly  f o r  crop product ion,  e s p e c i a l l y  f o r  vege tab les .  

Subsidence i n  Drained Organic S o i l s  

Causes of subsidence 

Surface subsidence i s  t he  r e s u l t  of s o i l  shr inkage  by oxida t ion  and compaction 
and d i r e c t  s o i l  l o s s  by e ros ion  and burning. Shrinkage i s  i n e v i t a b l e  w i th  
dra inage .  Lowering of t h e  water  t a b l e  permits e n t r y  of a i r  i n t o  pores.  Oxi- 
da t ion  of t he  organic  s o i l  by a c t i o n  of ae rob ic  b a c t e r i a  converts  such mat te r  
t o  carbon d ioxide ,  which escapes i n t o  t he  atmosphere, and water .  The removal 
of water  by dra inage  causes weight  of upper s o i l  l aye r s  t o  compact lower 
l a y e r s .  The opera t ion  of farming equipment i n  prepar ing  and compacting seed- 
bed conso l ida t e s  su r f ace  l aye r s  by pu lve r i z ing  t h e  s o i l  and e l imina t ing  l a r g e r  
s o i l  vo ids .  

Observat ion of many s i t e s  over many years  i n  both t h e  United S t a t e s  and Europe 
i n d i c a t e s  a n  o v e r a l l  average subsidence of about 1 inch pe r  year  and t h a t  t h i s  
r a t e  v a r i e s  d i r e c t l y  wi th  t h e  depth of organic  ma te r i a l  exposed above the  
water  t a b l e .  Higher i n i t i a l  r a t e s  of subsidence occur w i th in  t he  f i r s t  sev- 
e r a l  years  a f t e r  drainage.  These higher  r a t e s  a r e  a t t r i b u t a b l e  p r imar i l y  t o  
i n i t i a l  compaction which may be two o r  t h r e e  times t he  average subsidence 
occurr ing  i n  l a t e r  years .  

Allowance f o r  subsidence i n  design 

Subsidence, w i th  r e s u l t i n g  drop i n  s u r f a c e  e l e v a t i o n ,  reduces the f a l l  a v a i l -  
a b l e  f o r  dra inage  i n t o  a n  a v a i l a b l e  o u t l e t .  By na tu re  of most s i t e s  where 
organic s o i l s  a r e  formed, an  o u t l e t  f o r  f r e e  dra inage  d ischarge  i s  l imi ted  i n  
depth and grade.  Unless pump dra inage  i s  provided,  o u t l e t  improvements may 
need t o  be c a r r i e d  out  long d i s t ances  below t h e  benef i ted  a r e a .  Unequal 
s e t t l emen t  of only small  a r ea s  can a f f e c t  a  whole f i e l d .  Design of an ade- 
qua t e  dra inage  system must al low f o r  subsidence over a  reasonable l i f e  expect-  
ancy of t h e  improvement. Where no l o c a l  d a t a  on subsidence r a t e s  a r e  a v a i l -  
a b l e ,  an allowance f o r  i n i t i a l  subsidence of a  newly developed s i t e  can be 
est imated a s  25 t o  35 percent  of the  designed depth of d ra in s  below the  e x i s t -  
ing land l e v e l .  A t  l e a s t  10 percent  should be allowed fo r  d ra in s  cons t ruc ted  
o r  recons t ruc ted  on previous ly  drained land.  Information on subsidence r a t e s  
f o r  s p e c i f i c  a r ea s  of t he  United S t a t e s ,  which a r e  u s e f u l  i n  des ign ,  have been 
published by Sutton ( 2 ) ,  Stephens ( 3 ) ,  Roe ( 4 ) ,  Jongedyk (5) and o t h e r s .  



I n  des igning  t h e  mains and l a t e r a l s ,  t he  b e s t  procedure i s  t o  prepare ,  f i r s t ,  
a  rough pre l iminary  des ign  without  considering subsidence t o  determine the  
approximate l oca t ion ,  s i z e ,  and depth of d i t c h e s  and d r a i n s .  Next, cons ider  
e x i s t i n g  ground e l eva t ions  and corresponding s o i l  bor ings  t o  take subsidence 
i n t o  account .  Estimated subsidence should be determined along each channel ,  
based on the  channel depths and borings of t h e  pre l iminary  des ign .  Next, the  
es t imated  subsidence should be sub t r ac t ed  from e x i s t i n g  ground e l eva t ions  t o  
determine e l e v a t i o n s  of a  subsided su r f ace .  Then a f i n a l  des ign  hydraul ic  
g r a d i e n t  should be e s t ab l i shed  f o r  t h e  channels w i th  r e spec t  t o  a  poin t  i n  t h e  
o u t l e t  channel w e l l  downstream and below t h e  improvement, where subsidence 
should not  t ake  p lace .  Channel s e c t i o n s  should then  be ad jus t ed  t o  t h i s  gra-  
d i e n t  t o  provide t h e  depth and s i z e  necessary t o  d ischarge  the  des ign  flow. 
I n  some s i t u a t i o n s ,  changes i n  su r f ace  e l e v a t i o n  a f t e r  subsidence may be enough 
t o  r e q u i r e  a  complete realignment o r  r e l o c a t i o n  of t h e  main and l a t e r a l s .  

Other  C h a r a c t e r i s t i c s  of Organic S o i l s  and Thei r  Treatment 

Erosiveness 

Volume weight of organic  s o i l ,  a s  compared t o  mineral  s o i l ,  i s  low. Pea ts  
may con ta in  a s  l i t t l e  a s  8 t o  20 pounds of d ry  m a t e r i a l  pe r  cubic  f o o t .  
When su r f ace  l a y e r s  of pea t  and muck become pulverized by a l t e r n a t e  we t t i ng ,  
dry ing ,  and working, they a r e  e a s i l y  moved by wind and wa te r .  Wind eros ion  
u s u a l l y  i s  an important  f a c t o r  in f luenc ing  organic s o i l s .  It damages young 
p l a n t s  by ab ra s ions  and con t r ibu t e s  t o  r ap id  s i l t i n g  of  d i t c h e s .  Suscept i -  
b i l i t y  t o  wind e ros ion  can be minimized by reducing su r f ace  exposure of land 
t o  t h e  sweep of t h e  wind. This  i s  done by su r f ace  b a r r i e r s ,  by vege t a t i on  
and o t h e r  t reatment  of t h e  su r f ace ,  and by maintaining a s  high wa te r  l e v e l  
i n  t h e  s o i l  a s  p r a c t i c a b l e ,  p a r t i c u l a r l y  i n  t h e  nongrowing season.  

B a r r i e r s  may be f i xed  o r  movable, l i v e  o r  cons t ruc ted  m a t e r i a l s .  E f f e c t i v e  
l i v e  b a r r i e r s  can be p l an t ings  of green willow, Chinese elm, p r i v e t ,  o r  ever-  
greens i n  rows 200 t o  350 f e e t  a p a r t  a c ros s  t h e  d i r e c t i o n  of p reva i l i ng  wind. 
Deciduous p l an t ings  g ive  e a r l i e r  p ro t ec t ion  a f t e r  p l a n t i n g  but  lack  year-round 
p r o t e c t i o n  of the  s lower growing evergreens.  Snow fences ,  a t  c l o s e  spacing,  
provide temporary .removable b a r r i e r s  and occupy l e s s  cropland.  Planning of 
b a r r i e r s  should be coordinated wi th  t h e  planning of t h e  dra inage  system so  
t h a t  d i t ches  a r e  l e a s t  a f f e c t e d  by s i l t  depos i t i on  and v e g e t a t i v e  growth, and 
s o  t h a t  covered d r a i n s  a r e  pro tec ted  from r o o t  i n t r u s i o n .  I n t e r p l a n t i n g s  of 
crops a s  rye  o r  rows of corn and sunflower provide s u r f a c e  p ro t ec t ion  from 
wind. In te rmixing  f i b rous  and woody ma t t e r  o r  c l a y  a s  a  b inder  i n  t he  s o i l  
su r f ace  a l s o  reduces hazard of both wind and water  e ros ion  but  i s  c o s t l y .  

Water e ros ion  i s  most l i k e l y  t o  occur when runoff  from s loping  land o r  s t e e p  
uplands d ischarges  i n t o  t h e  a r ea .  Prevent ive  measures should inc lude :  (a )  
Divers ion  o f  upland water  a t  t he  ou t e r  edge of t h e  development; (b) design and 
l o c a t i o n  of mains and l a t e r a l s  when se rv ing  l a r g e  a r e a s ,  s o  a s  t o  a t t a i n  low 
v e l o c i t i e s ;  (c)  combining subsur face  d ra in s  w i th  r e g u l a r l y  spaced d i t c h e s  l a i d  
ac ros s  s lope ,  s o  a s  t o  break up overland water  movement; and (d) use of drop 
s t r u c t u r e s  f o r  d i t c h  o v e r f a l l s  i n t o  deeper  o u t l e t  d i t c h e s  o r  n a t u r a l  channels .  

Combust ib i l i ty  

Mucks and pea ts  burn r e a d i l y  when d ry .  Burning of tussocks ,  brush and timber 
dur ing  c l e a r i n g  f o r  cons t ruc t ion  and land  improvement should not be permit ted 
except  when t h e  ground i s  s a t u r a t e d  and f i r e  can be c o n t r o l l e d .  To avoid r i s k  
of h igh ly  s u s c e p t i b l e  g ra s s  and brush f i r e s ,  d ra inage  of pea t  and muck land 



should be defer red  u n t i l  ready f o r  a g r i c u l t u r e .  Drainage systems should be 
designed,  i n s o f a r  a s  pos s ib l e ,  t o  permit r a i s i n g  of t h e  water  t a b l e  dur ing  
d ry  seasons .  

Absorption and water-holding c a p a c i t y  

Fibrous pea t s  have h igh  absorp t ion  and water-holding capac i ty .  Excessive 
swel l ing  when wet and poor compaction r e s u l t  i n  uneven su r f aces  t h a t  cause 
s p o t t y  a r e a s  of poor dra inage  o r  drought iness .  Construct ion of c l o s e l y  
spaced d r a i n s  and r egu la t i on  of the  water  t a b l e  a r e  requi red  t o  maintain 
uniform moisture c o n t r o l .  Excessive dry ing  of organic s o i l  i s  dangerous i n  
t h a t  t he  pas ty  s e c r e t i o n  i n  the pea ty  aggrega te  rehydra tes  more s lowly wi th  
decreas ing  water  content ,  and, once d ry ,  rehydra t ion  may be impossible .  I n  
organic s o i l s  overlaying marl ,  s i l t y  c l a y ,  c l a y ,  o r  f i n e  non-water-bearing 
sand, an absorp t ion  cushion of organic  s o i l  should be l e f t  between t h e  bottom 
of d i t c h e s  and t h e  impervious m a t e r i a l  t o  s e rve  a s  a r e s e r v o i r  of moisture 
dur ing  drought .  This  cushion should be one foo t  t h i c k  and never l e s s  than 
one-half foo t  t h i c k .  

Design Requirements f o r  Ditches and Drains 

Mains and l a t e r a l s  

Main and l a t e r a l  d i t ches  should be designed t o  meet t h e  genera l  requirements 
of s i m i l a r  channels i n  mineral  s o i l s ,  wi th  allowances f o r  subsidence.  Gen- 
e r a l l y ,  i n  deep pea ts  o r  moderately deep pea t s  over  open sands,  mains may be 
spaced ou t  a s  wide a s  1,500 t o  2,500 f e e t  and l a t e r a l s  kept  t o  pos s ib ly  500 
t o  600 f e e t .  Side s lopes  i n  main and l a t e r a l  d i t c h e s  should not  be s t e e p e r  
than 1 t o  1. Such channels  r e q u i r e  a s  much width a s  necessary f o r  hydraul ic  
capac i ty ,  bu t  bottom widths should no t  be l e s s  than 3 f e e t .  

F i e l d  d i t c h e s  and d ra in s  

Both d i t c h e s  and subsur face  d ra in s  can be used a s  f i e l d  c o l l e c t o r s  i n  deep 
pea t .  However, i n s t a l l a t i o n s  of covered d r a i n s  should not  be considered i n  
new dra inage  developments u n t i l  3 o r  more years  a f t e r  i n i t i a l  s e t t l emen t  has 
taken p lace ,  and then only  a f t e r  c a r e f u l  i n v e s t i g a t i o n s  show t h a t  a  uniform 
bear ing  and an adequate o u t l e t  can be assured  f o r  t h e  d r a i n s  throughout.  

Because of v a r i a t i o n  i n  moisture-holding capac i ty  and o t h e r  l o c a l  p rope r t i e s  
of organic  s o i l ,  depths and spacing of d r a i n s  va ry  g r e a t l y  and should be 
e s t a b l i s h e d  i n  drainage guides .  Depth of covered d ra in s  should be a t  l e a s t  
4 f e e t  a f t e r  i n i t i a l  se t t lement  t akes  p lace .  Lines should be spaced from 
approximately 50 t o  200 f e e t  a p a r t ,  depending on t h e  dens i ty  of t he  m a t e r i a l s .  
The woody and grass  reed pea t s  u sua l ly  d r a i n  we l l  a t  about 100- t o  120-foot 
spac ings .  Closer  spacings a r e  b e s t  where con t ro l l ed  dra inage  w i l l  be used. 
I f  i n  doubt ,  the  wider spacings can be t r i e d  and supplemental l i n e s  i n t e r -  
spaced l a t e r  i f  necessary .  Where covered d r a i n s  a r e  i n s t a l l e d  on a l a r g e  
block of l and ,  some d i t c h e s  should be l e f t  f o r  su r f ace  water  removal during 
f l a s h  f loods  . 
When t h e  depth of organic s o i l  t o  t h e  underlying mineral s o i l  i s  l e s s  than 
4 f e e t ,  covered d ra in s  can s t i l l  be used i f  they can be supported continu-  
ous ly  i n  the  mineral  s o i l .  Drains should not  be l a i d  wi th  support  a l t e r -  
na t ing  i n  nonyielding mineral  and y i e ld ing  organic  s o i l s .  B a c k f i l l  over a  
d r a i n  i n  c l a y  s u b s o i l  should be pervious m a t e r i a l .  



When t h e  depth of t h e  organic ma te r i a l  i s  l e s s  than  3 f e e t ,  d i t c h e s  should 
be used. When organic  s o i l  i s  s i t u a t e d  over  marl ,  c l a y  o r  s i l t y  c l a y ,  t he  
depth of d i t c h  should be ad jus ted  t o  provide an  organic cushion of a t  l e a s t  
112- t o  1- foot  depth beneath the  bottom of t h e  open d i t c h .  Spacings between 
d r a i n s  should be decreased t o  correspond t o  such l e s s e r  depths,  u sua l ly  60 
t o  100 f e e t  f o r  2- foot  depths and up t o  200 f e e t  f o r  3- foot  depths .  

F i e l d  d i t c h e s  can be dug us ing  almost v e r t i c a l  s i d e  wa l l s  f o r  f i b rous  p e a t s .  
S ide  s lopes  of a t  l e a s t  11.2 t o  1 should be used on the  l e s s  s t a b l e  woody 
pea t s .  Side s lopes  of 114 t o  1 a r e  commonly used f o r  f i e l d  d i t c h e s .  

The r equ i r ed  c a p a c i t i e s  of covered d ra in s  a r e  about  twice  those  f o r  mineral 
s o i l s ,  s o  t h a t  c o e f f i c i e n t s  should be about 1/2 t o  3/4 of an inch i n  24 hours 
f o r  gene ra l  f i e l d  crops and 314 t o  1 112 inches f o r  t r u c k  c rops .  

P r o t e c t i o n  a g a i n s t  overdrainage 

When seepage o r  low waterf low is l i k e l y  t o  be  i n s u f f i c i e n t  during drought,  
some wa te r  c o n t r o l  by temporary d ikes  o r  by s t r u c t u r e s  should be provided 
f o r  p r o t e c t i o n  a g a i n s t  overdrainage.  When a n  added source  of water  i s  
impera t ive ,  w e l l s ,  d ive r s ions  o r  s to rage  f o r  i r r i g a t i o n  may be considered.  

Mole d ra in s  

Mole d r a i n s  have been used succes s fu l ly  f o r  subsurface dra inage  i n  F lo r ida  
when drawn through f ib rous  organic s o i l .  The usua l  depth i s  about 30 inches ,  
spaced 12 t o  15 f e e t  a p a r t .  An approximate 4 1/2-inch diameter  ho l e  i s  
obtained from a 6-inch mole. Best r e s u l t s  a r e  reali .zed when t h e  water  l e v e l  
i s  kept  below t h e  mole l i n e  dur ing  cons t ruc t ion .  Use o f  occas iona l  p ipe  
ven t s  a s  i n  r egu la r  subsur face  drainage i n s t a l l a t i o n s ,  placed whi le  t h e  l i n e s  
a r e  being drawn, prevents  suc t ion  and consequent co l l apse  of t h e  mole hole .  
I n  F l o r i d a ,  moles l a s t  from 5 t o  8 years .  

Pump Drainage 

Because of l im i t ed  o u t l e t  o r  encroachment of swamps a s  subsidence progresses ,  
pumping and d ik ing  a r e  requi red  on many p r o j e c t s .  (See chapters  6 and 7 . )  
Required heads t o  be pumped a r e  low, mostly ranging from 4 t o  8 f e e t .  Low 
c o s t  of recent - type  p r o p e l l e r  pumps has g r e a t l y  implemented pumping of small  
a r e a s  and a l s o  has made poss ib l e  reclamation of many o t h e r s  without  g r a v i t y  
o u t l e t .  

While pumping p l a n t  design procedures a r e  t h e  same a s  those  f o r  mineral  s o i l s ,  
h igher  dra inage  c o e f f i c i e n t s  u sua l ly  a r e  needed f o r  organic s o i l s  because of 
small  a r e a s  and t h e  h igh  va lue  of crops involved.  

Dikes 

Organic s o i l s  mike poor d ike  m a t e r i a l  and should not be considered f o r  perma- 
nent  engineer ing  s t r u c t u r e s  . Fibrous pea t s  a r e  e n t i r e l y  u n s a t i s f a c t o r y  f o r  
d ikes  un l e s s  mixed wi th  mineral  s o i l s ,  a s  i s  done i n  t h e  c ranber ry  a r eas  of 
New England. Cost o f  cons t ruc t ion  i s  usua l ly  q u i t e  high i n  such cases .  I f  
mucks o r  t h e  heav ie r  pea t s  a r e  t o  be used,  s e v e r a l  precaut ions  must be taken.  
The s u r f a c e  should be covered wi th  4 t o  6 inches of sand whenever t h i s  i s  pos- 
s i b l e ,  and then kept  grassed t o  p r o t e c t  from overdrying.  A t  l e a s t  50 percent  
shrinkage can be expected and must be allowed f o r  i n  t h e  f i r s t  year  o r  two. 
The d ike  should then  be retopped.  



A minimum s e c t i o n  wi th  a t  l e a s t  1 t o  1 s i d e  s lopes  and 8-foot  minimum top  
should be provided. Surface m a t e r i a l s  should be removed from t h e  base before  
cons t ruc t ion .  Where t he  d ike  must p ro t ec t  a g a i n s t  a  s tanding head of water  
during f l oods ,  the  borrow p i t s  should be kept on t h e  ou t s ide  of t h e  d ike .  
Safe heads may vary  w i th  pea t  o r  muck but  should not  exceed 4 f e e t .  I f  only 
low heads occur ou t s ide  of t h e  d ike  (1 foot  o r  l e s s ) ,  t h e  borrow may be taken 
from t h e  pro tec ted  lands ide .  This  channel then  may se rve  a s  a  seepage and 
dra inage  d i t c h .  Permanent d ikes  cons t ruc ted  of organic s o i l s  should not  be 
recomended by SCS engineers .  

Controlled drainage in organic soils near Sebring, Florida 

Contro l led  Drainage 

Cont ro l led  dra inage  slows down subsidence and i t s  adverse e f f e c t  on the  
dra inage  system, reduces wind and f i r e  l o s s ,  and reduces adverse e f f e c t  of 
a f l u c t u a t i n g  water  t a b l e  on c rop  y i e l d s .  Cont ro l led  dra inage  permits  
i r r i g a t i o n  without  h inder ing  f i e l d  ope ra t ions ,  has low labor  and maintenance 
c o s t ,  and u s u a l l y  makes u se  of e x i s t i n g  dra inage  systems wi th  t he  c o n t r o l s  
as t h e  only added i n s t a l l a t i o n .  On the o t h e r  hand, cos t  of closely-spaced 
d r a i n s  f o r  adequate i r r i g a t i o n ,  need f o r  l a r g e r  q u a n t i t i e s  of water  than f o r  
overhead i r r i g a t i o n ,  and r a i s i n g  of undes i rab le  s a l t s  i n  some l o c a l i t i e s  a r e  
undes i r ab l e  f e a t u r e s .  Control led dra inage  i s  obtained by des igning  t h e  
system s o  t h a t  t h e  water  t a b l e  can be maintained more o r  l e s s  cons t an t  a t  
more e f f e c t i v e  depths throughout the  year .  Where pumps a r e  used,  c o n t r o l  is  
obtained by means of t he  pump. I t  i s  a l s o  accomplished under g r a v i t y  cont ro l  



wi th  dams o r  drop s t r u c t u r e s ,  u sua l ly  of t h e  f lashboard o r  s top log  type.  
I n s t a l l i n g  dams i n  l a t e r a l s  r a t h e r  than mains has t h e  advantage of vary ing  
r e g u l a t i o n  f o r  d i f f e r e n t  f i e l d s  and ownerships. Use of moles and c lose ly-  
spaced subsur face  d r a i n s  provides more uniform c o n t r o l .  During droughts ,  
proper ope ra t ion  r e q u i r e s  an adequate water  supply from seepage o r  sp r ings ,  
o r  from su r f ace  supp l i e s  o r  w e l l s  obtained by pumping. 

The wa te r  t a b l e ,  when c o n t r o l l e d ,  can be maintained a t  h igher  l e v e l s  than 
under f r e e  dra inage .  Maximum l e v e l s  should be s l i g h t l y  below the  zone of 
dense roo t ing  and u s u a l l y  18 inches f o r  most g r a s se s  and shallow-rooted 
vege t ab l e s ,  24 inches f o r  most vege tab les ,  and about 30 inches f o r  deep- 
rooted  crops a s  corn.  The water  t a b l e  should be kept  high i n  t h e  sp r ing  
t o  reduce wind e ros ion  and lowered a s  t h e  root  system develops dur ing  the  
season.  Adequate c o n t r o l  r equ i r e s  continuous checks of water  t a b l e  l e v e l s ,  
made through small  observa t ion  we l l s  loca ted  over  va r ious  p a r t s  of the  
con t ro l l ed  a r e a .  

Adjustments i n  t h e  r a t e  of water  removal f o r  r a i n f a l l ,  e t c . ,  can be determined 
wi th  reasonable accuracy.  These a r e  based on measurement of average voids i n  
each f o o t  of depth. Roughly, an  inch of added water  may provide a s  much a s  
1-foot  r i s e  i n  a 2-  t o  2 1/2-foot  s o i l  p r o f i l e  above t h e  wa te r  t a b l e .  Absorp- 
t i o n  and p l a n t  t r a n s p i r a t i o n  gene ra l ly  e l imina t e  t h e  e f f e c t  of i n t e r m i t t e n t  
r a i n f a l l s  of 1 /2  inch  o r  l e s s .  
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CHAPTER 9.  DRAINAGE OF TIDAL LANDS 

General 

This  chap t e r  d i s cus se s  t he  phenomenon of t i d e s  and t h e i r  e f f e c t  on ag r i cu l -  
t u r a l  l and ,  and i t  sugges ts  remedial  measures t o  p r o t e c t  these  l ands .  It 
p re sen t s  a  procedure f o r  t h e  des ign  of g r a v i t y  opera ted  t i d e  g a t e s ,  g iv ing  
cons ide ra t i on  t o  t i d a l  cyc l e s  and f l u c t u a t i o n s  , a n t i c i p a t e d  i n t e r i o r  d ra inage  
f lows,  and t he  i n t e r i o r  s t o r a g e  a v a i l a b l e .  A more d e t a i l e d  and p r e c i s e  pro- 
cedure f o r  t h e  design of t i d e  ga t e s  i s  given i n  Technical  Release No. 1, 
Engineering Div is ion ,  SCS (1) ; however, t he  s imp le r  procedure o u t l i n e d  i n  
t h i s  handbook i s  considered adequate  f o r  smal l  t o  medium s i z e d  dra inage  
p r o j e c t s  planned f o r  t he  p r o t e c t i o n  of  a g r i c u l t u r a l  lands.  The c h a r t s ,  t a b l e s  
and t he  example presen ted  i n  t h i s  chap t e r  a r e  based on t h e  use of  c i r c u l a r -  
metal  t i d e  ga t e s  a t t a ched  t o  corrugated-metal p i p e ,  as t he se  a r e  commonly 
used s t r u c t u r a l  ma te r i a l s .  Fox p r o t e c t i o n  a g a i n s t  cor ros ion  from s a l t  wa t e r ,  
i t  is  necessary  f o r  t he  corrugated-metal  p ipe  t o  be a sbes to s  bonded and 
a s p h a l t  coated.  Design d a t a  and c r i t e r i a ,  f o r  o t h e r  types of ga t e s  and p ipe ,  
a r e  a v a i l a b l e  i n  handbooks prepared by a  number of  commercial concerns.  I t  
i s  presumed t h a t  pumps, where suggested as supplemental  f a c i l i t i e s  i n  l i e u  of  
a v a i l a b l e  s t o r a g e ,  w i l l  b e  s e l e c t e d  on t he  b a s i s  o f  manufac turer ' s  s p e c i f i c a -  
t i o n s .  

A g r i c u l t u r a l  l ands  i n  c o a s t a l  a r e a s ,  l oca t ed  a long  r i v e r s ,  e s t u a r i e s ,  bays and 
t h e  open s e a ,  a r e  sub j ec t ed  i n  vary ing  degrees t o  overf low and r e s t r i c t e d  
dra inage  caused by t i d a l  waters .  These a r e a s  may range from a few a c r e s  t o  
thousands of  a c r e s .  The e x t e n t  and frequency of  overflow and dra inage  impair- 
ment may vary  wide ly ,  depending on t h e  e l e v a t i o n  and exposure of t he  s i t e s  t o  
open t i d a l  water .  P r o t e c t i o n  from overf low usua l l y  is obta ined  by t he  en- 
c lo su re  of such a r ea s  wi th  d ikes .  Drainage may be ob ta ined  by e s t a b l i s h i n g  a  
system of i n t e r n a l  d r a i n s ,  w i th  wa te r  d i scharged  over  t he  d ikes  by pumps, by 
g r a v i t y  flow through gated s t r u c t u r e s ,  o r  by a  combination of pumps and gated 
s t r u c t u r e s .  

Pumps a r e  necessary  when: (a )  s t o r a g e  f o r  accumulat ing dra inage  wa te r  w i th in  
ponding a r e a s ,  d i t c h e s ,  and t h e  s o i l  p r o f i l e  i s  n o t  a v a i l a b l e ;  (b)  when flow 
through the  ga t e s  is  r e s t r i c t e d  over  long  per iods  by wind t i d e s ,  f lood  flow, 
o r  inadequate  o u t l e t s  i n t o  open t i d a l  wa t e r s ;  o r  (c )  when cons t ruc t i on  and 
maintenance of foreshore  channels  i s  imprac t i ca l .  

A g r av i t y -ou t l e t  d i t c h  w i th  a  ga ted  s t r u c t u r e  through a  p r o t e c t i n g  d ike ,  pro- 
v ides  s u i t a b l e  means f o r  removing dra inage  wa te r s  from most t i d a l  a r ea s .  A 
gated s t r u c t u r e  c o n s i s t s  of a  box o r  p ipe  c u l v e r t  through the  d ike  wi th  a  
ga t e  p laced  a t  t he  t i dewa te r  end of t he  s t r u c t u r e .  These ga t e s  may be c i r -  
c u l a r ,  squa re ,  o r  r ec t angu la r  i n  shape. Usual ly they a r e  made of c a s t  i r o n  
and provided wi th  s i n g l e  o r  double a c t i n g  h inges  a t  t he  top .  Well-made g a t e s ,  
when p rope r ly  i n s t a l l e d ,  a r e  s o  f i n e l y  balanced t h a t  they au tomat ica l ly  open 
t o  ou t f low o r  c lo se  a g a i n s t  backflow a t  s l i g h t  d i f f e r e n c e s  i n  head. Large 
dra inage  a r e a s  may r e q u i r e  s e v e r a l  gated s t r u c t u r e s  o r  a  b a t t e r y  of c u l v e r t s  
and ga t e s  incorpora ted  i n  one s t r u c t u r e .  9-1 



Action of t i d e s  

m e  a c t i o n  of t i d e s  is  a complex phenomenon, some genera l  knowledge of which 
is e s s e n t i a l  t o  t h e  p lanning  and cons t ruc t i on  of any works a f f e c t e d  by them. 
Only a  few e s s e n t i a l  f a c t s  w i l l  b e  d i scussed  h e r e i n .  More d e t a i l e d  informa- 
t i o n  i s  a v a i l a b l e  i n  pub l i ca t i ons  of t h e  United S t a t e s  Coast and Geodetic 
Survey, i nc lud ing  i t s  annual t i d e  t a b l e s  f o r  both c o a s t s  of North and South 
America : and t he  'U. S . Army Engineers Waterways Experiment S t a t i o n .  See 
r e f e r ences  (2) and (3 ) .  

T ida l  terms and d e f i n i t i o n s  

The tide is  the  r e g u l a r  p e r i o d i c  r i s e  and f a l l  of t h e  s u r f a c e  of t h e  oceans. 
Concurrent h o r i z o n t a l  movements of s u r f a c e  waters  as  t h e  r e s u l t  of t ide-pro- 
ducing f o r c e s ,  occu r r i ng  e i t h e r  a s  d r i f t s  i n  t h e  open ocean o r  a s  flow through 
en t r ances  t o  t i d a l  b a s i n s  and i n  t i d a l  s t reams a r e  known a s  t i d a l  cu r r en t s .  
The component of  t h e  t i d e  produced by harmonic a c t i o n  of t ide-producing 
f o r c e s  is  r e f e r r e d  t o  a s  t he  equ i l i b r i um t i d e .  The i r r e g u l a r  f l u c t u a t i o n s  of 
t h e  t i d e  caused by winds and v a r i a t i o n s  i n  baromet r ic  p r e s su re  over  water  sur -  
f a c e s  a r e  r e f e r r e d  t o  a s  t h e  meteorologic  t i d e s .  

The pa th  of a  p o i n t  a t  a  p a r t i c u l a r  s t a t i o n  which t r a c e s  t h e  wa te r  s u r f a c e  
e l e v a t i o n  a g a i n s t  t ime through a  l u n a r  o r  t i d a l  per iod  i s  t h e  t i d a l  curve f o r  
t h a t  s t a t i o n .  The maximum e l e v a t i o n  o r  c r e s t  reached by t he  r i s i n g  limb of 
t h e  t i d a l  cyc le  ( f lood  t i d e )  i s  c a l l e d  t h e  h igh  water .  The maximum depress ion  
o r  t rough reached by t h e  f a l l i n g  limb (ebb t i d e )  is  c a l l e d  t h e  low water .  
The average he igh t  o f  a l l  low waters  a t  a  s t a t i o n  over  a  pe r iod  of  t i m e  is  
the  mean low water .  S i m i l a r l y ,  t h e  average he igh t  of a l l  h igh  water  a t  a  
s t a t i o n  over  a  pe r iod  o f  t ime i s  t h e  mean h igh  water .  The d i f f e r e n c e  i n  h e i g h t  
between h igh  wa te r  and low water  i s  t he  t i d a l  range. The mean t i d a l  range is  
the  average of d i f f e r e n c e s  between a l l  h igh  waters  and a l l  low waters .  The 
extreme range is  t h e  maximum t h a t  ha s  been observed. 

Because of v a r i a t i o n  i n  dens i t y  of ocean wa te r  wi th  changes i n  temperature,  
s a l i n i t y  and ba rome t r i c  p r e s s u r e ,  and because of  d i f f e r e n c e s  i n  wind and r a i n  
from p l ace  t o  p l a c e ,  mean s e a  l e v e l  a t  d i f f e r e n t  t i d a l  s t a t i o n s  may no t  be  on 
t h e  same geode t i c ,  l e v e l  su r f ace .  Mean s e a  l e v e l ,  thus ,  is an a c t u a l  mean of 
s e a  l e v e l s  determined from a long s e r i e s  of t i d a l  obse rva t i ons  taken over  a  
number of s e l e c t e d  po in t s .  The p l a n e  of zero  r e f e r ence  f o r  t i d a l  d a t a  i n  t h e  
United S t a t e s  i s  e s t a b l i s h e d  by t he  Coast and Geodetic Survey from which Local 
p o i n t s  of r e f e r ence ,  c a l l e d  datum, a r e  e s t a b l i s h e d .  For t h e  A t l a n t i c  and 
Gulf c o a s t  t he  datum is  mean low water .  For t h e  P a c i f i c  c o a s t  ( inc lud ing  
Hawaii and Alaska) t h e  datum i s  the  mean of t he  lower of t h e  two d a i l y  low 
waters .  Local  p o i n t s  of r e f e r ence  f o r  s e v e r a l  A t l a n t i c  and Gulf coas t  p o i n t s  
a s  given i n  t i d e  t a b l e s  publ ished by t h e  U .  S.- Coast and Geodet ic  Survey a r e :  
-4.9 a t  Boston, -2.3 a t  New York, -3.1 a t  Ph i l ade lph i a ,  -0.6 a t  Baltimore, 
-1.3 a t  Hampton Roads, -2.7 a t  Char les ton ,  -1.3 a t  Miami, and -0.8 a t  Mobile, 
Alabama and Galveston,  Texas. Local  p o i n t s  of r e f e r ence  f o r  s e v e r a l  P a c i f i c  
c o a s t a l  p o i n t s  a r e :  -6.6 a t  S e a t t l e ,  -3.0 a t  San Franc isco ,  -2.8 a t  Los 
Angeles,  and -2.9 a t  San Dlego. 

When us ing  t i d e  t a b l e s ,  t h e  r e l a t i o n  of  t h e  datum on which t h e  t a b l e s  a r e  
based t o  t h e  datum on which topographic maps and bench marks be ing  used a r e  
based,  should be considered.  For s p e c i f i c  s i t u a t i o n s ,  t i d a l  records  of t h e  
n e a r e s t  Coast and Geodet ic  Survey o r  Corps of  Engineers gaging s t a t i o n  should 
be  consul ted .  



Tides may be d i u r n a l ,  semi-diurnal ,  o r  mixed. Tides w i th  bu t  one h igh  and 
low each l u n a r  day a r e  d i u r n a l .  Diurna l  t i d e s  occur  over  t he  g r e a t e r  p a r t  of 
each month along c o a s t a l  a r e a s  of t h e  Gulf o f  Mexico. Semi-diurnal t i d e s  
have two n e a r l y  equa l  h igh  wa te r s  and two n e a r l y  equa l  low wa te r s  each l u n a r  
day. Such t i d e s  a r e  common t o  most c o a s t a l  wa t e r s  of t he  world and a r e  t h e  
t ype  occu r r i ng  along t h e  A t l a n t i c  and P a c i f i c  coas t s .  Since t he  d i f f e r e n c e s  
between t h e  two h igh  waters  and between t h e  two low wa te r s  on t h e  A t l a n t i c  
coas t  a r e  r e l a t i v e l y  sma l l  ( gene ra l l y  l e s s  t han  one f o o t ) ,  no d i s t i n c t i o n  is  
made between d a i l y  h igh  wa te r s  o r  between d a i l y  low waters .  Mixed t i d e s  a r e  
t hose  which have two q u i t e  unequal h igh  w a t e r s ,  two unequal low wa te r s ,  o r  
bo th  dur ing  t h e  course of a  l u n a r  day. Mixed t i d e s  occur  on bo th  t h e  P a c i f i c  
coas t  o f  t h e  United S t a t e s  and t he  A t l a n t i c  c o a s t  i n  Europe. 

The h ighs  of  h igh  wa te r s  and lows of low wa te r s  a l s o  vary  from day t o  day 
dur ing  t h e  course of a  l u n a r  month and dur ing  t h e  course of a  s o l a r  year .  
The h t g h e s t  h igh  waters  and lowest  low waters  during t he  course of a  l u n a r  
cyc l e  occur  s h o r t l y  a f t e r  f u l l  and new moons and a r e  known a s  sp r ings .  Lowest 
h igh  wa te r s  and h ighes t  low waters  occur  s h o r t l y  a f t e r  t h e  f i r s t  q u a r t e r s  and 
t h i r d  q u a r t e r s  of t he  moon and a r e  known a s  neaps.  Springs and neaps change 
p rog re s s ive ly  from month t o  month, u sua l l y  be ing  h ighes t  nea r  t h e  s p r i n g  and 
autumn equinoxes and lowest  n e a r  t h e  summer and w i n t e r  s o l s t i c e s .  Along t he  
A t l a n t i c  seaboard,  t he  swings produced by such s p r i n g s  and neaps a r e  n o t  
s u f f i c i e n t l y  l a r g e  t o  wa r r an t  t h e i r  s p e c i a l  cons ide ra t i on  i n  determining t he  
normal t i d a l  ranges necessary  i n  des ign  of dra inage  o u t l e t s .  However, when 
extremes occur  concur ren t ly  w i th  s torm t i d e s ,  t h e i r  e f f e c t s  a r e  s i g n i f i c a n t  
i n  cons ider ing  extreme t i d e s  f o r  d ike  he igh t s .  

T i d a l  phenomenon 

Tides a r e  t he  r e s u l t  of a  number of complex f o r c e s  a c t i n g  upon t h e  e a r t h ' s  
mass. The dominant component of t he se  f o r c e s  is  t h e  equ i l i b r i um t i d e ,  which 
develops from t h e  g r a v i t a t i o n a l  a t t r a c t i o n  between e a r t h ,  moon, and sun;  and 
t he  cons t an t  harmonic changes i n  such p u l l s  over  t h e  s u r f a c e s  of  t h e  oceans 
and s e a s  as t h e  r e s u l t  o f  t h e  r o t a t i o n  of  t h e  moon i n  i t s  o r b i t  about t h e  
e a r t h  and t h e  sp inning  e a r t h ' i n  i t s  o r b i t  about  t h e  sun.  The range of t he  
equ i l i b r i um t i d e s  d i f f e r s  from p l ace  t o  p lace .  Along t he  c o a s t l i n e s  o f  t he  
United S t a t e s ,  such v a r i a t i o n s  range from a  f r a c t i o n  of a  foo t  i n  Gulf coas t  
wa t e r s  t o  40 f e e t  i n  t he  Bay of Fundy and Alaska. 

The changing e f f e c t  of l u n a r  and s o l a r  p u l l s  during t he  course of t h e i r  
t r a v e l  cance l  ou t  o r  augment each o t h e r  p rog re s s ive ly  during t h e  months and 
yea r .  This  r e s u l t s  i n  the gradua l  t i d a l  swings which may be a s  much as  2 t o  
10  f e e t  i n  some p a r t  of t he  e a r t h ' s  waters .  Such swings a r e  comparat ively 
sma l l  a long  t i d a l  waters  of t h e  A t l a n t i c  c o a s t .  F igures  9-1 and 9-2 i l l u s -  
t r a t e  some c h a r a c t e r i s t i c  t i d e s .  

Tide curves 

The t h e o r e t i c a l  o s c i l l a t i o n s  of  t i d e s  i n  t h e  open ocean and c o a s t a l  waters  
conform t o  t h e  mathematical cos ine  curve. See Figure 9-3 f o r  t h e o r e t i c a l  
curves f o r  va r ious  ranges of t i d e .  Bays and sounds a f f e c t  such undula t ions  
p r imar i l y  by de lay ing  t h e  times of h igh  and low water  occurrence.  S i ze ,  
shape and alignment of c o a s t a l  i n d e n t a t i o n s  may a l s o  decrease t h e  n e t  t i d a l  
swings. River  e s t u a r i e s  a f f e c t  t h e  t i d e  i n  vary ing  degree,  depending upon 
the  s i z e  of  t h e  r i v e r ,  i t s  hyd rau l i c  g r a d i e n t  and s t a g e  of r i v e r  d i scharge .  
The i r  most c h a r a c t e r i s t i c  e f f e c t  on t he  t i d a l  curve i s  t o  prolong t h e  ebb 
t i d e .  A t  low s t a g e s ,  water  may flow up r i v e r s  i n  conformance t o  t he  open 
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Figure 9-1, Typical ocean ride on open coast l ine  
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Figure. 9-2, Typical estuary t ides  
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Figure 9-3,  Theoretical t i d e  curves 



wate r  t i d e  curves.  A s  r i v e r  flow i n c r e a s e s ,  t i d e  swings become l e s s  and l e s s .  
A t  h igh  f l ood  s t a g e s ,  e f f e c t s  of t i d e s  may be  o b l i t e r a t e d  only a  few mi les  
upstream. S i l t e d  fo r e sho re s  a f f e c t  t he  wa te r  l e v e l  o s c i l l a t i o n s  by l i m i t i n g  
t h e  low e l e v a t i o n s  t o  which water  might f a l l .  The e f f e c t  i s  on t h e  low t i d e ,  
whereas h igh  t i d e s  tend  t o  pour over  d e p o s i t s  and r i s e  t o  about t h e  same 
e l e v a t i o n  a s  i f  no s i l t  depos i t s  were p r e sen t .  

Determination of Local Tide Data 

Tide d a t a  i s  b e s t  determined by d i r e c t  observa t ion  a t  t h e  s i t e .  S t a f f  and 
au tomat ic  gages a r e  used f o r  t h i s  purpose. The s t a f f  gage i s  e s s e n t i a l l y  a  
graduated board ,  s e t  v e r t i c a l l y  a t  t he  edge of  t i d a l  wa t e r  s o  t h a t  he igh t  can 
b e  read  by an observer .  Markings on t h e  s t a f f  a r e  u s u a l l y  graduated i n  f e e t  
and t e n t h s  f o r  e a s e  i n  read ing  a t  a d i s t a n c e .  The automatic  gage may be 
e i t h e r  of t he  f l o a t  o r  bu lb  type t h a t  r eco rds  t h e  e l e v a t i o n s  on a  reduced 
s c a l e  on c lock  d r iven  c h a r t s .  

A s t a f f  gage should  be  i n s t a l l e d  a long  w i th  automatic  gages t o  provide a  means 
of checking and c a l i b r a t i n g  t he  au tomat ic  gages when necessary .  The bulb- 
type  gage u sua l l y  i s  l e s s  accu ra t e  than t h e  f l oa t - t ype  gage; however, t he  
bu lb  gage i s  s u f f i c i e n t l y  accu ra t e  f o r  o b t a i n i n g  dra inage  design d a t a  and is  
q u i t e  d e s i r a b l e  because of t he  ea se  w i th  which i t  can be i n s t a l l e d  and re- 
moved f o r  shor t -per iod  s e tups  a t  i s o l a t e d  s i t e s .  Gages should be re fe renced  
t o  a c c u r a t e  bench marks t h a t  a r e  p r o t e c t e d  a g a i n s t  damage o r  de s t ruc t i on .  
For convenience, gages should be s e t  w i th  t h e i r  z e ros  on e s t a b l i s h e d  l o c a l  
datum. S t a f f  gage read ings  should be recorded over  s e v e r a l  t i d a l  cyc les .  
Where au tomat ic  gages a r e  used, records  should be  ob ta ined  over  a  l u n a r  month 
i f  pos s ib l e .  Readings should be  taken when s l i g h t  o r  no winds occur ,  o r  over  
long pe r iods  s o  t h a t  t he  e f f e c t s  o f  wind can be  eva lua t ed .  

Ons i t e  d a t a  should b e  c o r r e l a t e d  w i th  t h e  n e a r e s t  l o c a l  gages and records,  
which a r e  o f t e n  l o c a l  p o r t  o r  harbor  da t a .  These n o t  on ly  provide  a  means 
of eva lua t i ng  minor l o c a l  e f f e c t s ,  bu t  make i t  p o s s i b l e  t o  p r o j e c t  t o  t h e  
s i t e  t h e  major f l u c t u a t i o n s  caused by wind t i d e s  o r  r i v e r  f l oods  from long- 
time records  of o t h e r  gages. Adequacy o f  l o c a l  records  may vary ,  b u t  good 
sources  a r e  u s u a l l y  a v a i l a b l e  from nearby ope ra t i ng  s t a t i o n s  of t h e  Corps of 
Engineers ,  Coast Guard and Coast and Geodet ic  Survey. Mun ic ipa l i t i e s  and 
ha rbo r  and p o r t  a u t h o r i t i e s  o f t e n  have complete and accu ra t e  records .  In for -  
mation on extreme h igh  water  can o f t e n  be  t r a c e d  t o  l o c a l  even t s  recorded i n  
o l d  newspapers o r  community records  o r  through i n q u i r i e s  of  l o c a l  r e s i d e n t s .  
I f  t he  e l e v a t i o n  of  e i t h e r  o r  both low and h igh  waters  and t i d a l  ranges a r e  
known, and e f f e c t s  o f  l o c a l  d i s t o r t i o n s  t o  t h e  f l ood  o r  ebb t i d e  a r e  i n s i g n i f -  
i c a n t ,  a  reasonably accu ra t e  s i t e  curve can o f t e n  be s e l e c t e d  from the  theo- 
r e t i c a l  curves shown i n  Figure 9-3. Table 9-1 i l l u s t r a t e s  t he  record  f o r  an 
observed semi-diurnal  t i d a l  cyc le  ob ta ined  by an observer  from watch and 
s t a f f -gage  read ings  taken a t  hour ly  i n t e r v a l s .  This  d a t a  p l o t t e d  on F igure  9-4, 
shows t h e  r e s u l t i n g  t i d a l  curve. 

For reasons  which w i l l  be  explained l a t e r  i n  t he  t e x t ,  t h e  t i d e  d a t a  should 
b e  observed f o r  two o r  t h r e e  hours  p a s t  t h e  second h igh  water  s t a g e  of t h e  
f i r s t  cyc l e .  This  enab l e s  p l o t t i n g  t h e  e l e v a t i o n  a t  which t h e  t i d e  g a t e  w i l l  
open i n  t h e  second c y c l e .  



Table 9-1, F i e l d  obse rva t i ons  - t i d e  cyc l e  

Gage Gage 
Time Height Time Height 

(hours & minutes)  ( f e e t )  (hours  & minutes)  ( f e e t )  

AM 6:30 3.3 : PM 3:30 -0.9 
7:25 3 . 7  4:25 0.0 
8:30 3.4 5:32 1.5 
9:34 2 .O 6:30 3 .O 

10 : 28 0.9 7:35 3.7 
11 : 30 -0.4 8:30 3.6 

PM 12 : 28 -1.5 9:25 3.0 
1:30 -1.7 10 : 30 1 .6  

S i t e  I n v e s t i g a t i o n s  and Surveys 

T i d a l  l ands  s u b j e c t  t o  impairment due t o  t h e i r  r e l a t i v e l y  low p o s i t i o n  w i th  
r e s p e c t  t o  t h e  ocean a r e  s u b j e c t  t o  many complicated s i t u a t i o n s .  It i s  n o t  
t h e  i n t e n t  of t h i s  handbook t o  a t tempt  t o  cover a l l  of t h e s e  s i t u a t i o n s ,  b u t  
r a t h e r  t o  cover t h e  common o r  u sua l  s i t u a t i o n .  This  is  where low l y i n g  l ands  
i n  c o a s t a l  a r e a s  a r e  wet  because  d r a inage  from i n t e r i o r  land a r e a s  is  tempo- 
r a r i l y  blocked by h igh  t i d e s  and does no t  have f r e e  o u t l e t  t o  t h e  ocean except  
dur ing  per iods  o f , l o w  t i d e .  During pe r iods  of h igh  t i d e ,  which occur  twice 
d a i l y  i n  most c o a s t a l  a r e a s ,  d ra inage  water  from t h e  i n t e r i o r  land a r e a  i s  
ponded i n  d r a inage  channels  and ad j acen t  low a r e a s ,  inc lud ing  low l y i n g  
c roplands .  This  ponded water  may be f r e s h  wa te r ,  s a l t y  water  o r  a  mix ture  
of t h e  two, depending on t h e  r e l a t i v e  hyd rau l i c  g r ad i en t  between t h e  ocean 
and t h e  ponded dra inage  water .  Usual ly i t  i s  some mixture  of t h e  two. The 
b a s i c  purpose of d ra inage  i n  t h e s e  a r e a s  i s  t o  prevent  s e a  water  from moving 
i n t o  t h e s e  a r e a s  during h igh  t i d e  and t o  provide  f o r  d i s p o s a l  of t h e  accumu- 
l a t e d  f r e s h  water  from i n t e r i o r  d r a inage  dur ing  pe r iods  of low t i d e .  

A system t o  accomplish t h i s  purpose is  one u t i l i z i n g  a  d ike  w i th  automatic .  
t i d e  g a t e  o r  g a t e s  incorpora ted  i n  t h e  d i k e .  The d i k e  is  designed and con- 
s t r u c t e d  t o  prevent  s e a  water  from moving i n t o  t h e  low a r e a s  and t he  t i d e  
g a t e s  a r e  designed and i n s t a l l e d  t o  d i s cha rge  t h e  accumulated d r a inage  water  
f rom t h e  land s i d e  during pe r iods  of low t i d e .  The success  of such a  system 
is dependent on t he  amount of s t o r a g e  a v a i l a b l e  i n  t h e  dra inage  channels ,  
forebay a r e a  and connect ing low a r e a s  on t h e  land s i d e  of t h e  d ike .  This  
s t o r a g e  a r e a  must be  adequate  t o  con t a in  t he  i n t e r i o r  d ra inage  water  accurnu- 
l a t e d  dur ing  per iods  of h igh  t i d e ,  and i t  must be below t h e  e l e v a t i o n  where 
damage t o  a g r i c u l t u r a l  ope ra t i ons  beg ins .  If adequate  s t o r a g e  i s  n o t  ava i l -  
a b l e  t o  meet t h e  above requirements  t h e r e  a r e  u s u a l l y  two a l t e r n a t i v e s .  The 
s t o r a g e  a r e a  can be  increased  by excavat ing a  l a r g e r  dra inage  channel  o r  
forebay  a r e a ,  o r  pumps can b e  i n s t a l l e d  t o  remove a  po r t i on  of t h e  d r a i n  
water  s o  t h a t  t h e  e x i s t i n g  s t o r a g e  a r e a  w i l l  b e  adequate .  

Topographic surveys 

A s  po in ted  o u t  i n  t h e  prev ious  d i s c u s s i o n ,  t h e  u sua l  d ra inage  p l an  f o r  d ra in-  
age  of t i d a l  l ands  involves  a  d i k e ,  t i d e  g a t e  s t r u c t u r e s  and a land s i d e  





s t o r a g e  r e s e r v o i r ,  which is  t h e  forebay a r e a ,  t h e  dra inage  channels  and any 
o t h e r  low a r e a s  connected w i t h  t h e  d r a inage  system. For des ign  purposes i t  
i s  necessary  t o  r e l a t e  t h e  s t a g e  and volume of t h e  s t o r a g e  a r e a  t o  t h e  s t a g e  
of t h e  t i d e  and t o  t h e  e l e v a t i o n  of t h e  d ike  and t i d e  g a t e  o r  g a t e s .  For 
t h i s  reason  i t  is  necessary  t o  have complete topography f o r  t h e  s t o r a g e  a r e a  
and t h e  s i t e  of t he  d ike .  Topographic surveys must be on t he  same datum a s  
t i d a l  obse rva t i ons .  The topographic survey covering t h e  s t o r a g e  a r e a  should 
b e  c a r r i e d  up t o  t he  high-water e l e v a t i o n  a t  h igh  t i d e  o r  t o  some prede te r -  
mined e l e v a t i o n  which i s  t h e  maximum pe rmi s s ib l e  water  l e v e l  f o r  a g r i c u l t u r a l  
ope ra t i ons .  

Subsurface i n v e s t i g a t i o n s  

Dikes used i n  connect ion w i t h  t h e  d r a inage  of t i d a l  l ands  a r e  b a s i c a l l y  no 
d i f f e r e n t  than d ikes  used f o r  o t h e r  purposes. Subsurface exp lo ra t i ons  a r e  
necessary  t o  determine t h e  foundat ion  cond i t i ons  and t o  l o c a t e  s u i t a b l e  f i l l  
m a t e r i a l .  Dikes a r e  c l a s s i f i e d  a s  c l a s s  I ,  11, o r  111, i n  accordance w i th  
t h e  v a l u e  of crops o r  p rope r ty  t o  be  p ro t ec t ed  and t he  hazard t o  l i f e .  Refer 
t o  Table 6-1, Chapter 6 ,  f o r  a  d e t a i l e d  c l a s s i f i c a t i o n  of d ike s .  Dikes used 
i n  connect ion w i th  t he  dra inage  of t i d a l  l ands  u sua l l y  con t a in  t i d e  g a t e s  and 
t i de -ga t e  s t r u c t u r e s .  The d i k e  and t h e  g a t e  s t r u c t u r e s  a r e  b u i l t  a s  i n t e g r a l  
p a r t s  and a r e  in te rdependent .  I f  t h e  d i k e  should f a i l ,  t h e r e  is  a  good 
chance t h a t  t h e  g a t e  s t r u c t u r e  would f a i l  o r  be  washed ou t  a l s o .  For t h i s  
reason ,  d ike s  conta in ing  g a t e  s t r u c t u r e s  a r e  u sua l l y  cons t ruc ted  t o  h igher  
s t anda rds  than  d ikes  wi thout  g a t e s .  

Design Data 

The b a s i c  in format ion  and d a t a  needed t o  de s ign  a  dra inage  system f o r  t i d a l  
l ands  i nc ludes  t he  fol lowing:  

A t i d e  curve s i m i l a r  t o  t h e  one shown a s  F igure  9-4, o r  one recon- 
s t r u c t e d  from t y p i c a l  curves  shown on F igure  9-3. The curve should 
cover one f u l l  cyc l e ,  from h igh  water  t o  h igh  wa te r ,  a s  i nd i ca t ed  on 
F igure  9-4. This  c y c l e  w i l l  b e  r e f e r r e d  t o  a s  t h e  " f i r s t  cycle"  i n  
t h i s  t e x t .  I n  a d d i t i o n ,  t h e  curve should be  continued i n t o  t h e  
"second'cycle"  f o r  a  per iod  of about t h r e e  hours ,  s e e  F igure  9-4. 

A s tage-s torage  curve  f o r  t h e  r e s e r v o i r  a r e a ,  s i m i l a r  t o  t he  one 
shown on F igure  9-5. The v e r t i c a l  s c a l e  f o r  s t a g e  o r  e l e v a t i o n  must 
be  on t h e  same datum a s  t h e  t i d e  curve  and t h e  h o r i z o n t a l  s c a l e  f o r  
s t o r a g e  should b e  i n  a c r e  f e e t .  The r e s e r v o i r  a r e a  i nc ludes  t h e  
forebay ,  d ra inage  channels ,  and any o t h e r  connect ing low a r e a s  t h a t  
would be  a  p a r t  of t h e  s t o r a g e  r e s e r v o i r .  The s t age - s to r age  curve 
should extend t o  high-water e l e v a t i d n  a t  h igh  t i d e ,  o r  t o  a  pre- 
v ious ly  e s t a b l i s h e d  maximum water  s u r f a c e  e l e v a t i o n  i n  t h e  forebay. 

The maximum pe rmi s s ib l e  water  s u r f a c e  e l e v a t i o n  i n  t h e  forebay and 
r e s e r v o i r  a r ea .  This  e l e v a t i o n  is u s u a l l y  f i xed  by t h e  intended 
land use  and agronomic cons ide ra t i on  of t h e  crops t o  be  grown on t h e  
land ad j acen t  t o  t h e  r e s e r v o i r  a r e a .  This  e s t a b l i s h e s  t h e  h ighes t  
l e v e l  f o r  s t o r a g e  of water  i n  t h e  forebay and a l s o  e s t a b l i s h e s  t h e  
des ign  heads through c u l v e r t s  and g a t e s .  A s  a  gene ra l  r u l e  t h i s  
e l e v a t i o n  is  e s t a b l i s h e d  a t  about one f o o t  below t h e  gene ra l  ground 
l e v e l .  It i s  d e s i r a b l e  t o  s e t  t h i s  e l e v a t i o n  a s  h igh  a s  p o s s i b l e  t o  
o b t a i n  maximum s to r age .  



STORAGE ( A C R E  FEET) 
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Figu re  9-5,  Stage-storage curve 



4. The r a t e  of d ra inage  flow t o  t he  r e s e r v o i r  a r ea .  The design of t he  
o u t l e t  system should be  based on t h e  same dra inage  c o e f f i c i e n t s ,  sur-  
f a c e  and/or  subsur face ,  a s  a r e  a p p l i c a b l e  t o  t h e  ad jo in ing  non-t idal  
l ands .  Such c o e f f i c i e n t s  a r e  p r e sc r ibed  by l o c a l  d ra inage  guides.  
Usual ly t h e  design f o r  s to rm i n t e n s i t i e s  of two yea r  frequency is ad- 
equa te  f o r  hay and p a s t u r e  l and ,  f i v e  y e a r  f o r  r o t a t e d  c rops  and t e n  
t o  twenty y e a r  f o r  i n t e n s i v e  t r uck  crops.  I f  subsur face  d r a i n s  d i s -  
charge i n t o  t he  o u t l e t  system the  des ign  flow should be i nc r ea sed  by 
t he  amount of t h e i r  a c c r e t i o n  t o  t h e  t o t a l  flow. 

Design Procedure and Example 

The fo l lowing  design procedure f o r  a  t ide-ga te  i n s t a l l a t i o n  is  a s i m p l i f i e d  
g r aph i ca l  s o l u t i o n ,  based on t h e  use  of a  t i d e  curve and a  s tage-s torage  curve 
prepared  f o r  t h e  s i t e .  The example is  f o r  a  s i t e  s u b j e c t  t o  semi-diurnal  
t i d e s ;  however, t h e  same genera l  procedure i s  a p p l i c a b l e  t o  d i u r n a l  t i d e s .  I n  
view of  t h e  f a c t  t h a t  t h i s  is a g r aph i ca l  method u s ing  a  t i d e  curve and a  
s tage-s torage  curve prepared f o r  t h e  s i t e ,  t he se  curves should be  prepared  a s  
a c c u r a t e l y  a s  p o s s i b l e  and on a  s c a l e  s u i t a b l e  f o r  i n t e r p o l a t i o n ,  c o n s i s t e n t  
wi th  t h e  accuracy of t he  d a t a  p l o t t e d .  The example given h e r e i n  is  n e c e s s a r i l y  
based on t h e  use of sma l l  s c a l e  c h a r t s  s u i t a b l e  f o r  i n c l u s i o n  i n  t h i s  handbook. 
In a c t u a l  p r a c t i c e  t he se  c h a r t s  should be drawn on a  much l a r g e r  s c a l e  t o  per- 
m i t  more accu ra t e  i n t e r p o l a t i o n .  

The fo l lowing  s t e p  by s t e p  explana t ion  of t h i s  procedure,  wi th  example, is 
based on t h e  assumption t h a t  a t i d e  curve,  F igure  9-4, and a  s tage-s torage  
curve ,  F igure  9-5, have been prepared ;  t h a t  t h e  dra inage  inf low t o  t h e  system 
has  been determined;  and t h a t  t h e  maximum wa te r  s u r f a c e  e l e v a t i o n  f o r  t h e  fore-  
bay and r e s e r v o i r  a r e a  has  been e s t a b l i s h e d .  For t h e  fol lowing example i t  w i l l  
b e  assumed t h a t  t h e  dra inage  inf low r a t e  is  5.0 c f s  and t h a t  t he  maximum per- 
m i s s i b l e  wa te r  s u r f a c e  e l e v a t i o n  f o r  t he  r e s e r v o i r  a r e a  is  e l e v a t i o n  + 2.10 
f e e t .  

Step 1. P l o t  t h e  maximum water  s u r f a c e  e l e v a t i o n  .t 2.10 f e e t  on t h e  ebb t i d e  
limbs f o r  both cyc les  of t h e - t i d e  curve ,  F igure  9-4, and on t he  s tage-s torage  
curve ,  F igure  9-5. These p o i n t s  a r e  noted a s  po in t  E l  on F igures  9-4 and 
9-5, and a r e  t h e  p r e - e s t ab l i shed  e l e v a t i o n  a t  which t he  t i d e  g a t e  w i l l  open. 

Step 2 .  Compute t he  hour ly  volume of  in f low t o  t h e  s t o r a g e  r e s e r v o i r .  I f  t h e  
dra inage  in f low r a t e  t o  t he  r e s e r v o i r  i s  5.0 c f s ,  t h i s  is  equ iva l en t  t o  a  vol- 
ume of 0.41 a c r e  f e e t  p e r  hour .  One cubic  f o o t  p e r  second i s  one a c r e  f o o t  
p e r  12 .1  hours  ; t he r e f  o r e  : 

Volume inf low p e r  hour  = (5.0 c f s )  (1.0 hour)  = 0.41 a c r e  f e e t  hour  
12 .1  

S tep  3 .  Compute t h e  hour ly  volume of  wa te r  i n  s t o r a g e  and t h e  corresponding 
r e s e r v o i r  s t a g e  during t h e  gate-closed per iod .  Note t h a t  po in t  E l  i n  t he  sec-  
ond cyc l e  of t h e  t i d e  curve is  a t  e l e v a t i o n  + 2.10 a t  10:07 p.m. and t he  t i d e  
g a t e  i s  j u s t  ready t o  open a s  t h e  s t a g e  of t h e  t i d e  and t he  r e s e r v o i r  a r e  t he  
same. Re fe r r i ng  t o  po in t  E l  on t h e  s tage-s torage  curve i t  w i l l  be  no ted  t h a t  
t he  s t o r a g e  r e s e r v o i r  con t a in s  4.00 ac r e  f e e t  a t  t h i s  t ime. P r i o r  t o  10:07 p.m. 
t he  t i d e  g a t e  has  been c losed  f o r  s e v e r a l  hours  ahd t he  r e s e r v o i r  has  been 
f i l l i n g  a t  t he  r a t e  of 0 .41 a c r e  f e e t  p e r  hour .  A t  9 :O7 p.m. t h e  r e s e r v o i r  
conta ined  4.00 - 0.41 = 3.59 a c r e  f e e t ;  a t  8:07 p.m. i t  contained 3.59 - 0.41  = 

3.18 a c r e  f e e t  e t c .  The wa te r  s u r f a c e  e l e v a t i o n  o r  s t a g e  of t h e  r e s e r v o i r  f o r  
any given volume of s t o r a g e  can be determined from the  s tage-s torage  curve.  
The fo l lowing  t a b u l a t i o n  g ives  t h e  volume of  wa te r  i n  s t o r a g e  and t h e  cor res -  
ponding s t a g e  a t  hour ly  i n t e r v a l s  during t he  per iod  t h a t  t h e  t i d e  g a t e  was 
c losed  : 



Acre f e e t  S tage  of 
Time i n  s t o r a g e  s t o r a g e  r e s e r v o i r  

S tep  4 .  Using t h e  d a t a  i n  t he  above t a b u l a t i o n ,  p l o t  t h e  time-stage curve f o r  
t h e  pe r iod  5:07 p.m. t o  10:07 p.m. on t h e  t i d e  curve ,  F igure  9-4. Locate 
p o i n t  E2, t h e  p o i n t  where t h e  t i d e  curve and t h e  t ime-stage curve i n t e r s e c t  on 
t he  f l ood  t i d e  limb o f  t he  f i r s t  cyc le .  This  i s  t h e  po in t  where t he  t i d e  
g a t e  w i l l  c l o se  a s  t h e  s t a g e  of t he  t i d e  and t h e  s t o r a g e  r e s e r v o i r  a r e  t he  
same. Note t h a t  ga te -c losure  occurs  a t  5:10 p.m. and t he  gate-closed time is 
4 hours  57 minutes o r  4.95 hours.  The t o t a l  d ra inage  in f low dur ing  t he  gate- 
c losed  time i s  : 

Volume inf low = (5.0 c f s )  (4.95 hours)  = 2.04 a c r e  f e e t  
12 .1  

The s t a g e  a t  po in t  E2 on t h e  t i d e  curve is  + 1 .0  f e e t .  Re fe r r i ng  t o  t h e  s tage-  
s t o r a g e  curve t h e  s t o r a g e  a t  a  s t a g e  of f 1.0  is 2.03 a c r e  f e e t  and t h i s  sub- 
t r a c t e d  from + 4.00, t h e  s t o r a g e  of t h e  f u l l  r e s e r v o i r ,  is  1.97 a c r e  f e e t .  
This  i n d i c a t e s  an e r r o r  of 0.07 ac r e  f e e t  i n  t h e  g r a p h i c a l  s o l u t i o n  which is  
w e l l  w i t h i n  t he  a l lowable  l i m i t  of e r r o r .  

Through t h e  procedure descr ibed  above, r e s e r v o i r  s t o r a g e  and inf low dur ing  
t he  gate-closed p e r i o d  a r e  now i n  ba lance  and t he  time of ga te -c losure  ha s  
been determined a s  5:10 p.m. I n  t h i s  example t he  t ime-stage curve f o r  t h e  
per iod  5:07 t o  10:07 is  v i r t u a l l y  a  s t r a i g h t  l i n e ;  however, i t  may be  a  f l a t  
curve i n  some c a s e s ,  depending on t h e  shape and con f igu ra t i on  of t he  r e s e r v o i r  
a r ea .  

Tide g a t e  capac i t y  and s i z e  

The prev ious  d i s cus s ion  presen ted  a  method t o  determine t h e  t i d e  e l e v a t i o n  a t  
which t he  t i d e  g a t e  should  open and c l o s e  i n  o r d e r  t o  ba lance  t h e  a v a i l a b l e  
forebay and r e s e r v o i r  s t o r a g e  a g a i n s t  t he  dra inage  inf low dur ing  t he  time 
t h a t  t h e  t i d e  g a t e  i s  c losed .  It is d e s i r a b l e  t o  have t h e  ga te -c losure  e leva-  
t i o n  a s  h igh  a s  p o s s i b l e  i n  o rde r  t o  main ta in  a  maximum head on t h e  t i d e  ga t e  
dur ing  t h e  time t h a t  i t  i s  open and flowing. 

The fo l lowing  d i s cus s ion  p re sen t s  a  method f o r  determining t h e  des ign  capac i ty  
and s i z e  of  a  t i d e  g a t e  o r  ga tes .  The example given i s  a  con t inua t i on  of t he  
prev ious  example used. 

S tep  1. Draw a s t r a i g h t  l i n e  between p o i n t s  E2 and E l  i n  t h e  f k r s t  cyc le  of 
t h e  t i d e  curve ,  F igure  9-4. This  is  t h e  approximate water  s u r f a c e  e l e v a t i o n  
i n  t h e  forebay dur ing  t h e  time t h a t  t he  t i d e  g a t e  is  open. The head on t h e  
t i d e  g a t e  (submerged flow) a t  any time i s  t h e  v e r t i c a l  s c a l e d  d i s t a n c e  be- 
tween t he  t i d e  e l e v a t i o n  and t he  l i n e  drawn between El and E2 d iscussed  above. 
For example, t h e  head a c t i n g  on t he  g a t e  a t  1:30 p.m. is  3.25 f e e t .  

Step 2 .  Compute t h e  volume of water  t o  be  discharged through t h e  t i d e  g a t e  
dur ing  t h e  time t h a t  i t  is  open from 9:30 a.m. t o  5:10 p.m. This  is the  t o t a l  
volume of dra inage  i n f low  during one twelve hour  cyc le .  



Gate d i scharge  one cyc l e  = ( inf low r a t e )  ( t ime flow) 
12 .1  

Gate d i scharge  one cyc l e  = (5.0 c f s )  (12 hou r s )  = 5.0 ac r e  f e e t  
12 .1  

Step 3 .  Compute t he  average flow through t h e  t i d e  ga t e  during t h e  time t h a t  
i t  is open. The t i d e  g a t e  i s  open from 9:30 a.m. t o  5:10 p.m., o r  f o r  a  
per iod  of  7 hours  and 40 minutes o r  7 .7  hours .  

Average flow = ( in f low r a t e )  (cyc le  t ime) 
(open-gate time) 

Average flow = (5.0 c f s )  (12 hours)  = 7.8 c f s  
(7 .7  hours )  

S tep  4. Determine t h e  average head on t h e  t i d e  g a t e  dur ing  t he  t ime t h a t  t he  
ga t e  is open. The head a t  any time i s  equa l  t o  t he  v e r t i c a l  s c a l e d  d i s t a n c e  
between t h e  t i d e  curve and t he  s t r a i g h t  l i n e  drawn between El and E 2 ,  a s  
expla ined  i n  s t e p  1. Determine t h e  average head by s c a l i n g  t h e  head at 30 
minute i n t e r v a l s ;  record  t h i s  in format ion  i n  column 2, Table 9-2; and compute 
t h e  average head f o r  t h e  gate-open per iod .  

Average head = 31.51 = 2.10 f e e t  
1 5  

Step 5. Make a  t r i a l  computation f o r  t h e  g a t e  s i z e ,  us ing  t he  average flow of 
7 .8  c f s  computed i n  s t e p  3 ;  and t h e  average head of 2.10 f e e t  computed i n  s t e p  
4. Computing t h e  d i scharge  through a  t i d e  g a t e  a t t a ched  t o  p ipes  of va r ious  
l eng ths  is a r a t h e r  complex problem. To s imp l i fy  t h i s  f o r  t h e  de s igne r ,  c h a r t s  
shown a s  F igures  9-6 and 9-6a have been prepared  from computer s o l u t i o n s .  The 
fami ly  of curves shown on t h e s e  c h a r t s  covers  t he  range of t i d e  ga t e s  from 12 
inch  t o  66 i nch ,  and f o r  each s i z e  ga t e  t h e r e  a r e  fou r  p ipe  l eng ths  of 100,  
80,  60 ,  40 and 20 f e e t .  This  coverage is  thought  t o  be adequate f o r  most 
s i t u a t i o n s .  The head i n  f e e t  is  shown on t h e  v e r t i c a l  s c a l e  and t h e  d i scharge  
i n  c f s  i s  shown on t he  h o r i z o n t a l  s c a l e .  Note t h a t  t he  two c h a r t s ,  F igures  
9-6 and 9-6a, a r e  a c t u a l l y  t h e  same cha r t  w i th  a l t e r n a t e  ga t e  s i z e s  shown on 
each t o  s e p a r a t e  t he  curves and avoid t h e  c l u t t e r  and confusion of  c l o s e l y  
spaced curves .  Using t he se  c h a r t s  and assuming a  p ipe  l eng th  of 80 f e e t  f o r  
t h i s  example, f i n d  t he  i n t e r s e c t i o n  of  t h e  average head 2.10 f e e t  and t h e  
average d i s cha rge  of 7.8 f e e t  on Figure 9-6. This  po in t  f a l l s  between t he  
1'8" x 80'  and t h e  18" x 100' curves.  The 18" x 80' ga t e  and p ipe  assembly 
has  a  d i s cha rge  capac i ty  of 8.0 c f s  which is a l i t t l e  more than  t h e  average 
of 7.8 c f s  and i n d i c a t e s  t h a t  t he  1 8  inch  g a t e  may be adequate. The above 
approximation,  us ing  average head and average d i s cha rge  is only approximate 
and i t  is now necessary  t o  r e f i n e  these  computations t o  determine i f  t he  18 
inch  g a t e  is  adequate. 

S tep  6.  Compute t he  average heads f o r  each 30 minute increment of t ime t h a t  
t he  t i d e  ga t e  is  open, record  t he se  average heads i n  column 3,  Table 9-2. 
Using F igure  9-6, determine t he  average d i scharge  f o r  each average head shown 
i n  column 3, and record t he se  i n  column 4 ,  Table 9-2. Compute t h e  volume of 
d i s cha rge ,  i n  acre f e e t ,  f o r  each 30 minute increment of time and record t h i s  
i n  column 5 ,  Table 9-2. To t a l  column 5 ,  t o  determine t he  t o t a l  d i scharge  of 
t h e  t i d e  g a t e  during one t i d e  cyc le .  This  is  equa l  t o  4.82 a c r e  f e e t  which 
i n d i c a t e s  t h a t  t he  18" x 80' g a t e  and p ipe  s t r u c t u r e  i s  adequate a s  t he  t o t a l  
d ra inage  in f low,  determined i n  s t e p  2 ,  was 5.0 a c r e  f e e t .  The d i f f e r e n c e  be- 
tween 4.82 and 5.00 i s  Less than f o u r  pe rcen t  which i s  w i th in  t h e  a l lowable  
e r r o r  f o r  t h i s  determinat ion.  I n  t he  event  t h a t  t he  d i scharge  of t he  18  inch 



Table 9-2, Tide g a t e  d a t a  s h e e t  

Time 

Gate open 9: 3Oa 

10 : 00a 

10 : 30a 

1l:OOa 

11 :30a 

12:OOn 

12  : 3Op 

1 :OOp 

1 : 3Op 

2:OOp 

2  : 3Op 

3 : OOp 

3  : 3Op 

4:OOp 

4 : 3Op 

5 :oop 

Gate c l o s e  5 : lop 

To ta l s  

Yeasured 
Head 

( f e e t )  

Average 
He ad 

min. i n t .  
( f e e t )  

(4)  

Average 11  
Discharge 
18" X 80' 

( c f s )  

Volume 21 
Discharge 
18" X 80' 

: ac re  f e e t )  

1/ Average d i s cha rge  f o r  18" t i d e  ga t e  a t t a ched  t o  80 '  p ipe .  - 
21 Volume of  d i scharge  f o r  18" t i d e  g a t e  a t t a ched  t o  80'  p ipe .  - 
3 /  Adjusted f o r  10  minute time i n t e r v a l .  - 
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Figure 9-6, Curves for t ide  gate discharge 
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t i d e  g a t e  was c o n s i d e r a b l y  less t h a n  t h e  d r a i n a g e  
n e x t  l a r g e r  s i z e  g a t e ,  a  21  i n c h  g a t e  would b e  se 
e s s a r y  t o  r e p e a t  s t e p  6 ,  t o  compute t h e  d i s c h a r g e  

i n f l o w  f o r  t h e  c y c l e ,  t h e  
e c t e d  and i t  would b e  nec- 
o f  t h i s  g a t e .  

of r e l a t i v e  s t a g e  e l e v a t i o n s ,  
ded t o  h e l p  t h e  r e a d e r  t o  

F i g u r e s  9-7, 9-7a, and 9-7b, showing t h e  sequence 
o f  ocean and f o r e b a y ,  v e r s u s  t i m e ,  have been i n c l  u  
v i s u a l i z e  t h e  o p e r a t i o n  o f  a t i d e  g a t e  i n s t a l l a t i o n .  These have been prepared  
t o  i l l u s t r a t e  t h e  p r e v i o u s  problem,  assuming an  1 8  i n c h  t i d e  g a t e  i n s t a l l a t i o n  
and u s i n g  t h e  d a t a  t a b u l a t e d  i n  Tab le  9-2. 

Supplemental Pumping 

The p r e v i o u s  example f o r  t h e  d e s i g n  of  a  t i d e  g a t e  i n s t a l l a t i o n  was based  on 
a  s i t u a t i o n  where t h e r e  was more t h a n  adequa te  r e s e r v o i r  a r e a  t o  s t o r e  t h e  
accumulated d r a i n a g e  i n f l o w  d u r i n g  t h e  p e r i o d  t h a t  t h e  t i d e  g a t e  was c losed .  
I n  a c t u a l  p r a c t i c e  t h i s  is  n o t  always t h e  c a s e ,  a s  t h e r e  may n o t  b e  adequate  
s t o r a g e  a r e a  i n  t h e  fo rebay  and n a t u r a l  o r  a r t i f i c i a l  channe ls  on t h e  l a n d  
s i d e  o f  t h e  d i k e  and t i d e  ga te .  Where t h e  s t o r a g e  i s  n o t  adequa te ,  t h e r e  a r e  
two a l t e r n a t i v e s  open t o  t h e  d e s i g n e r .  The s t o r a g e  a r e a  can b e  i n c r e a s e d  by 
e x c a v a t i n g  a  l a r g e r  fo rebay  and channe l  a r e a  o r  pumps can be i n s t a l l e d  t o  
remove a  p a r t  of t h e  d ra inage  i n f l o w  t o  b a l a n c e  t h e  a v a i l a b l e  s t o r a g e  t o  t h e  
d ra inage  i n f l o w  f o r  t h e  t i m e  t h a t  t h e  t i d e  g a t e  was c l o s e d .  I n  t h e  p r e v i o u s  
example t h e  s t o r a g e  r e s e r v o i r  w a s  lowered t o  e l e v a t i o n  + 1 . 0  f e e t  which was 
a l l  t h a t  was n e c e s s a r y  t o  p r o v i d e  t h e  r e q u i r e d  1 . 9 7  a c r e  f e e t  o f  s t o r a g e  
needed w h i l e  t h e  t i d e  g a t e  was c losed .  T h i s  was o n l y  about  one h a l f  o f  t h e  
t o t a l  s t o r a g e  a r e a  a v a i l a b l e  i n  t h i s  r e s e r v o i r .  

A s  a g e n e r a l  r u l e ,  i t  i s  u s u a l l y  n o t  p r a c t i c a l  t o  a t t e m p t  t o  lower  t h e  w a t e r  
s u r f a c e  i n  t h e  fo rebay  and r e s e r v o i r  lower  t h a n  e l e v a t i o n  - 1 . 0  f e e t  because 
o f  t h e  c o n s t r u c t i o n  problems invo lved  w i t h  s l o u g h i n g  and i n  de-watering t h e  
s i t e ;  however, t h i s  w i l l  depend on i n d i v i d u a l  s i t e  c o n d i t i o n s .  R e f e r r i n g  
t o  t h e  p r e v i o u s  example, i f  t h e  r e s e r v o i r  had been lowered t o  e l e v a t i o n  - 1 . 0  
f e e t  i t  would have been p o s s i b l e  t o  s t o r e  3.67 a c r e  f e e t  r a t h e r  than  1.97 a c r e  
f e e t  and t h e  ga te -c losed  t i m e  would have been 6 h o u r s  and 42 minutes  r a t h e r  
than  4 h o u r s  and 57 minutes .  Th is  would be t h e  maximum u t i l i z a t i o n  of t h i s  
s t o r a g e  r e s e r v o i r ,  assuming t h a t  i t  could b e  lowered t o  e l e v a t i o n  - 1.0 f e e t ,  
and would p r o v i d e  f o r  a  d r a i n a g e  i n f l o w  r a t e  o f  about  6.6 c f s .  I f  t h e  d ra in -  
age i n f l o w  was g r e a t e r  than  6.6 c f s  i t  would b e  n e c e s s a r y  t o  r e s o r t  t o  supple-  
mental  pumping t o  remove a  p o r t i o n  o f  t h e  d r a i n a g e  i n f l o w  dur ing  t h e  t ime 
t h a t  t h e  t i d e  g a t e  was c l o s e d .  

The above d i s c u s s i o n  s u g g e s t s  a r a p i d  method t o  e s t i m a t e  t h e  c a p a b i l i t y  o f  a  
given r e s e r v o i r  o r  s t o r a g e  a r e a  f o r  a  known d r a i n a g e  in f low r a t e .  The proce- 
dure  is  a s  f o l l o w s :  

S tep  1. Based on a  c o n s i d e r a t i o n  of  s i t e  c o n d i t i o n s  and t h e  i n t e n d e d  u s e  o f  
t h e  l a n d  b e i n g  p r o t e c t e d ,  e s t a b l i s h  t h e  maximum and minimum s t a g e s  f o r  t h e  
r e s e r v o i r .  These s t a g e s  w i l l  e s t a b l i s h  t h e  gate-open and ga te -c losure  t imes  
on t h e  t i d e  curve and t h e  ga te -c losed  t ime can b e  computed. 

S tep  2 .  The a v a i l a b l e  s t o r a g e  between maximum and minimum r e s e r v o i r  s t a g e  
can b e  determined by p l o t t i n g  t h e s e  s t a g e s  on t h e  s t a g e - s t o r a g e  curve  and 
de te rmin ing  t h e  s t o r a g e  between t h e s e  p o i n t s .  

S t e p  3. Having determined t h e  gate-open t i m e  and t h e  a v a i l a b l e  r e s e r v o i r  
s t o r a g e  and knowing t h e  i n f l o w  r a t e ,  t h e  r e q u i r e d  s t o r a g e  can b e  computed and 
compared t o  t h e  a v a i l a b l e  s t o r a g e .  I f  t h e  r e q u i r e d  s t o r a g e  is e q u a l  t o  o r  
l e s s  t h a n  t h e  a v a i l a b l e ,  t h e  r e s e r v o i r  is  adequa te  and pumping w i l l  n o t  be 
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Figu re  9-7,  Sketches of dike and gate structure showing the s t a g e & ~ - ~ ~  versus time 



Figure  9-7a, Sketches of d ike  and g a t e  s t r u c t u r e  showing t h e  s t a g e  sequence versus  t i m e  
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Figure 9-7b- Sketches of dike and gate s t r u c t u r e  showing t h e  s t a g e  sequence versus  t i m e  



requi red .  I f  t he  r equ i r ed  s t o r a g e  i s  g r e a t e r  than t he  a v a i l a b l e  s t o r a g e  t he  
r e s e r v o i r  might be en la rged  o r  a  p a r t  of t h e  dra inage  inf low might be pumped. 

This  s imple de te rmina t ion ,  t o  e s t a b l i s h  whether  o r  n o t  pumping w i l l  be  re- 
qu i r ed ,  may determine 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  wi thout  proceeding 
f u r t h e r  t o  c a l c u l a t e  t h e  t i d e  ga t e  capac i t y  and s i z e .  

Pumping requirement 

I n  t h e  previous example i t  was determined t h a t  t h e  s t o r a g e  r e s e r v o i r  had a 
u sab l e  capac i ty  of 3.67 a c r e  f e e t  w i th  drawdown t o  e l e v a t i o n  - 1 .0  f e e t .  It 
was a l s o  determined t h a t  t he  c a p a b i l i t y  of t h e  r e s e r v o i r  was l i m i t e d  t o  a  
dra inage  inf low r a t e  of about 6.6 c f s  wi thout  supplemental pumping o r  enlarge-  
ment of  t h e  r e s e r v o i r .  I n  t h e  fol lowing example i t  w i l l  be assumed t h a t  t he  
in f low r a t e  is  9.0 c f s ;  t h a t  t he  r e s e r v o i r  can be drawn down t o  e l e v a t i o n  
- 1 . 0  f e e t ,  noted a s  p o i n t  E 3  on Figure 9-4, and t h a t  a l l  o t h e r  cond i t i ons  
w i l l  remain t he  same a s  i n  t h e  prev ious  example. 

Step 1. Determine t h e  gate-closed time. The gate-closed time i s  the  time 
d i f f e r e n c e  between p o i n t  E3 and p o i n t  El on t h e  ebb t i d e  limb of t he  second 
cyc l e  of  t h e  t i d e  curve. The ga t e  w i l l  c l o s e  a t  3:25 p.m. and open a t  
10:07 p.m. ; t h e r e f o r e ,  t he  gate-closed time i s  6 hours  and 42 minutes o r  6.70 
hours .  

S tep  2. Determine t h e  volume of accumulated dra inage  inf low t h a t  c o l l e c t s  
dur ing  t h e  gate-closed per iod .  

Inf low volume = (9.0 c f s )  (6.7 hours )  = 4.98 ac r e  f e e t  
12 .1  

S tep  3. Determine t h e  s t o r a g e  a v a i l a b l e  above e l e v a t i o n  - 1.0 f e e t .  P l o t  
p o i n t  E3 on t he  s tage-s torage  curve,  F igure  9-5, and determine t h e  volume 
of s t o r a g e  between p o i n t s  E l  and E3. This  i s  equa l  t o  3.67 a c r e  f e e t .  

S tep  4. Determine t h e  r equ i r ed  pumping r a t e .  I f  t he  requi red  s t o r a g e  i s  
4.98 a c r e  f e e t  and t h e  a v a i l a b l e  s t o r a g e  is  3.67 a c r e  f e e t  t h i s  l e aves  a  
d e f i c i t  o f  1 . 3 1  ac r e  f e e t  which must be pumped dur ing  t he  ga t e  c lo sed  per iod .  

Pumping r a t e  - c f s  = (12.1) (1.31) = 2.37 c f s  o r  1064 gpm 
6.70 

A pump t h a t  w i l l  handle 1000 gpm would probably be  adequate. 

Lowering t h e  r e s e r v o i r  t o  e l e v a t i o n  - 1.0  f e e t  w i l l  m a t e r i a l l y  reduce t he  
head on t h e  t i d e  ga t e  during t h e  time t h a t  i t  is open and w i l l  a l s o  sho r t en  
t h e  time t h a t  t he  t i d e  g a t e  is  open. Re fe r r i ng  t o  t he  t i d e  curve Figure 9-4, 
t h e  s t r a i g h t  l i n e  drawn between p o i n t s  El i n  t h e  f i r s t  cyc le  and E3 w i l l  be 
t h e  approximate water  s u r f a c e  e l e v a t i o n  during t he  gate-open per iod  and i t  
w i l l  b e  necessary t o  recompute t h e  capac i t y  and s i z e  of t i d e  g a t e  required.  
From i n s p e c t i o n  i t  is obvious t h a t  t h i s  s i t u a t i o n  w i l l  r equ i r e  a  much l a r g e r  
t i d e  g a t e  than  t he  one i n  t h e  f i r s t  example. 

S tep  1. Compute t h e  volume of  wa te r  t o  be discharged through t h e  t i d e  g a t e  
dur ing  t h e  time t h a t  i t  i s  open, from 9:30 a.m. t o  3:25 p.m. which is 5.92 
hours .  This  i s  t h e  t o t a l  volume of dra inage  in f low during one twelve hour  
cyc l e  l e s s  t he  volume of  wa te r  pumped dur ing  t h e  gate-closed per iod .  This  is  
equa l  t o  9.00 - 1 .31  = 7.69 ac r e  f e e t .  



Step 2. Compute t h e  average flow through the  t i d e  g a t e  dur ing  t h e  time t h a t  
i t  is  open. 

Average flow = (7.69 c f s )  (12 hours)  = 15.59 c f s  
5.92 hours  

S tep  3. Determine t h e  average head on t h e  t i d e  ga t e  dur ing  t h e  time t n a t  t he  
g a t e  i s  open, and r eco rd  t h i s  information i n  column 2, Table 9-3. 

Average head = 13.90 = 1.16 f e e t  
12  

Step 4. Make a  t r i a l  computation f o r  t h e  g a t e  s i z e ,  u s ing  t h e  average flow of 
15.59 c f s  a s  computed i n  s t e p  2 ;  and t he  average  head of 1.16 a s  computed i n  
s t e p  3 .  Refer r ing  t o  t h e  c h a r t ,  Figure 9-6 i t  w i l l  be no ted  t h a t  t he  24" x 
80' g a t e  and p ipe  assembly has a  capac i ty  of about 12.0 c f s  and t he  nex t  
l a r g e r  s i z e ,  a 30" x 80' has  a  capac i t y  of about 20.0 c f s ;  t h e r e f o r e ,  i t  is 
assumed t h a t  30" g a t e  assembly w i l l  be requi red .  This  t r i a l  computation i s  
only approximate a s  t h e  average head and t h e  average d i scharge  were used. I t  
i s  necessary  t o  r e f i n e  t h e s e  computations t o  determine i f  t h i s  g a t e  and 
assembly w i l l  d i scharge  t h e  requi red  7.69 a c r e  f e e t .  

Step 5. Compute t h e  average heads f o r  each 30 minute increment o r  t ime t h a t  
t he  t i d e  g a t e  is  open, record  t he se  average heads i n  column 3 ,  Table 9-3 and 
complete t h e  t a b l e .  The t o t a l  d i scharge  is  9.59 a c r e  f e e t  which is  i n  excess  
of t h e  requirement .  

I n  t h i s  example i t  was assumed t h a t  t he  1000 gpm pump would o p e r a t e  only 
dur ing  t h e  gate-closed pe r iod ,  t o  reduce t h e  demand on t h e  a v a i l a b l e  s t o r age  
r e s e r v o i r .  This  i s  t h e  usua l  system employed f o r  most t i d a l  d ra inage  pro- 
j e c t s .  I f  t h e  pump was s e t  t o  ope ra t e  on a  continuous b a s i s  i t  w i l l  f u r t h e r  
reduce t h e  volume of wa te r  t h a t  must pass  through t h e  t i d e  g a t e ,  thereby 
pe rmi t t i ng  u se  of a  t i d e  ga t e  wi th  l e s s  capac i t y .  This  would reduce t he  c o s t  
of t h e  t i d e  g a t e  i n s t a l l a t i o n  and would i n c r e a s e  t he  c o s t  o f  pumping. This  
i s  seldom done a s  t h e  c o s t  of continuous pumping, over  a  long  pe r iod  of t ime,  
is u s u a l l y  much more than  t h e  increased  i n i t i a l  c o s t  f o r  a  l a r g e r  t i d e  ga t e  
i n s  t a l l a t i o n .  

Construct ion and I n s t a l l a t i o n  

Porebay channel s e c t i o n  

The forebay channel  s e c t i o n  must have adequate  capac i t y  t o  d e l i v e r  t he  design 
dra inage  d ischarge  t o  t h e  forebay and t i d e  ga t e  and i t  must a l s o  have capac i t y  
t o  pass  t he  peak d ischarge  of t he  t i d e  ga t e .  The peak d ischarge  may be 
s e v e r a l  t imes t he  dra inage  inf low.  I n  case  of t he  previous example, s e e  
column 5 ,  Table 9-2, t h e  peak d ischarge  was about 10.0 c f s  a t  1 :00  p.m., o r  
twice  t h e  dra inage  inf low.  

Discharge bay channel  s e c t i o n  

The d ischarge  s e c t i o n  of  t h e  o u t l e t  bay should be  designed wi th  ample capac i ty  
t o  d i scharge  t h e  peak flow t o  deep open water  without  causing backwater 
a g a i n s t  t h e  t i d e  ga t e .  Usually low foreshore  banks have adequate  overflow 
a r e a  t o  accommodate such d ischarge ,  however, they should be checked t o  i n s u r e  
t h a t  they do. 



Table 9-3, Tide ga t e  d a t a  s h e e t  

Time 

Gate open 9:30a 

10 : 00a 

10 : 30a 

1l:OOa 

11 : 30a 

12 :00n 

12 : 30p 

1 : oop 

1 : 3Op 

2 :OOp 

2:30p 

3 : OOp 

Gate c l o s e  3:25p 

To ta l s  

Measured 
Head 

( f e e t )  

Average 
Head 

30 min. i n t .  
( f e e t )  

Average 
Discharge 

3Ot'X8O ' 
( c f s )  

Volume 
Discharge 

30 "X8O ' 
( a c r e  f e e t )  

Tide g a t e s ,  p ipe s  and o u t l e t  s t r u c t u r e s  

A s  a  r u l e  t i d e  g a t e  s t r u c t u r e s  must be i n s t a l l e d  i n  wet ,  swampy a r e a s  and 
t i d a l  f l a t s  where cons t ruc t i on  i s  d i f f i c u l t  a t  b e s t .  The s t r u c t u r e  is  u s u a l l y  
p laced  a t  a minus e l e v a t i o n  s o  t h a t  t h e  ga t e  func t i ons  as a  submerged o r i f i c e ,  
a t  a l l  t imes.  S t r u c t u r a l  s i t e s  and approach channels  a r e  u s u a l l y  excavated 
by d r a g l i n e ,  which a l s o  s e r v e s  a s  a  c rane  f o r  h o i s t i n g  ga t e s ,  p i p e s  and o t h e r  
s t r u c t u r a l  members i n  p l ace .  During cons t ruc t i on  t h e  s i t e  i s  i s o l a t e d  from 
s u r f a c e  wa te r s  by e n c i r c l i n g  t he  s i t e  w i th  s p o i l  banks t h a t  a c t  a s  temporary 
d ikes  and i t  .may be necessary  t o  dewater t he  excavat ion by pumping. Under 
very  d i f f i c u l t  condi t ions  i t  may be necessary  t o  sho re  t he  excava t ion  wi th  
s h e e t  p i l i n g ,  and e n c i r c l e  i t  w i th  a  b a t t e r y  of dewatering w e l l s  connected t o  
a  manifold and pump. 



An o u t l e t  s t r u c t u r e  is  usua l l y  necessary t o  p r o t e c t  t he  g a t e  and connect ing 
p ipe  from scour  and f l o a t i n g  deb r i s .  T rea t ed  t imber  s t r u c t u r e s ,  a s  i l l u s t r a -  
t e d  i n  t h e  s t anda rd  de s ign ,  Figure 9-8, have proven very  p r a c t i c a l  and econom- 
i c a l  t o  i n s t a l l .  This  type  s t r u c t u r e  can be  p r e f a b r i c a t e d  i n  whole o r  i n  p a r t ,  
depending upon the  s i z e ,  and s e t  i n t o  p l ace  by d rag l i ne  f o r  a t tachment  t o  
p r e s e t  p i l e s  t h a t  have been dr iven  o r  j e t t e d  i n t o  t he  foundat ion.  Cast i n  
p l ace  concre te  o r  masonry i s  n o t  u sua l l y  s a t i s f a c t o r y  f o r  t h i s  k ind  of s i t e  
un l e s s  t h e  excava t ion  can be kept  f r e e  from s a l t  water  long  enough f o r  t he  
cement t o  s e t .  

Corrugated meta l  p ipe s  a r e  commonly used i n  t i d e  ga t e  s t r u c t u r e s  and must be  
a sbes to s  bonded t o  r e s i s t  s a l t  water  cor ros ion .  The p ipes  should be  10 gauge 
o r  t h i c k e r  t o  i n s u r e  long l i f e  under t he se  s eve re  s a l i n e  condi t ions .  Exper- 
i ence  has  shown t h a t  t h i n  gauge noncoated p ipes  have a  very s h o r t  l i f e  i n  
b r ack i sh  water .  

The p ipe  conduit  and g a t e ,  un less  of very sma l l  s i z e ,  should be  i n s t a l l e d  a s  
s e p a r a t e  u n i t s .  Usua l ly ,  a  s h o r t  o r  s t u b  s e c t i o n  of condui t  is f a b r i c a t e d  
t o  t h e  g a t e  and j o ined  t o  t he  p ipe  a f t e r  both a r e  placed.  Camber should be  
provided i n  t h e  excavated t rench  bed t o  a l low f o r  conso l ida t i on  and unequal 
load ing  by t h e  superimposed dike.  Conduit and ga t e  must be s e t  t r u e  t o  Line 
and grade i f  t he  s t r u c t u r e  i s  t o  ope ra t e  a s  designed. P r e f a b r i c a t e d  c a s t  
i r o n  f l a p  g a t e s ,  u s u a l l y  c a l l e d  t i d e  g a t e s  when used f o r  t i d a l  i n s t a l l a t i o n s ,  
have bronze bushings and a r e  coated wi th  wa te r - r e s i s t an t  r u s t  p r even t a t i ve  
compound a t  t h e  f a c t o r y  and have a  long l i f e  even under b r ack i sh  water .  
Figure 9-9, shows a  t y p i c a l  f l a p  ga t e  s u i t a b l e  f o r  t i d a l  d ra inage .  This  type 
f l a p  ga t e  i s  a l s o  a v a i l a b l e  wi th  s t a i n l e s s  s t e e l  hardware as a f u r t h e r  pre- 
c au t i on  a g a i n s t  s a l t  wa t e r  cor ros ion .  

I n  t hose  cases  where t i d e  ga t e s  must have a  l a r g e  capac i t y  t o  d i scharge  t h e  
dra inage  flow dur ing  t h e  low t i d e  pe r iod ,  i t  i s  u s u a l l y  d e s i r a b l e  t o  i n s t a l l  
a b a t t e r y  of  smal l  g a t e s  r a t h e r  than one o r  two Large ga t e s .  As a genera l  
r u l e  t i d e  ga t e s  a r e  p laced  so  t h a t  t he  top  of  t he  ga t e  i s  a t  about e l e v a t i o n  
- 1 .0  f e e t ,  t o  provide  f o r  submergence a t  a l l  t imes and t o  provide  f o r  f u l l  
u t i l i z a t i o n  of  t he  a v a i l a b l e  . s t o r age  r e s e r v o i r .  These cond i t i ons  d i c t a t e  
t h a t  t h e  p ipe  and g a t e  be placed e n t i r e l y  below zero  e l e v a t i o n ,  which i n  t u r n  
imposes d i f f i c u l t  cons t ruc t i on  condi t ions .  From t h i s  i t  i s  obvious smal l  
d iameter  ga t e s  and p i p e  can be i n s t a l l e d  much more e a s i l y  than l a r g e  diameter 
s t r u c t u r e s .  For example; f i v e  24" ga t e s  i n  a b a t t e r y  w i l l  have about t he  
same d ischarge  a s  one 48" g a t e  and reduce t h e  depth of t rench  excavat ion by 
two f e e t .  This  two f o o t  reduc t ion  i n  t r ench  depth may m a t e r i a l l y  s imp l i fy  
cons t ruc t i on  and more than pay f o r  t he  a d d i t i o n a l  cos t  of m u l t i p l e  ga t e s .  

Supplemental pump i n s t a l l a t i o n s  

Pumps and pumping i n s t a l l a t i o n s  a r e  covered i n  Chapter 7 ,  Drainage Pumping, 
of t h i s  handbook. Pump i n s t a l l a t i o n s  f o r  pumping dra inage  wa te r ,  i n  
connect ion w i th  t i d a l  d ra inage ,  a r e  u s u a l l y  low head, h igh  capac i ty  type 
i n s t a l l a t i o n s .  I n  most p a r t s  df t he  count ry ,  excluding Alaska and c o a s t a l  
a r e a s  of  t h e  n o r t h e a s t ,  t he  t i d a l  range seldom exceeds e i g h t  f e e t ,  except  
dur ing  pe r iods  of s eve re  s torms.  The average pumping l i f t  i s  u sua l l y  sma l l ,  
i n  t he  range of zero  t o  fou r  f e e t  and pumps s e l e c t e d  f o r  t h i s  condi t ion  should 
have a  h igh  e f f i c i e n c y  a t  low head ope ra t i on .  P r o p e l l e r  and mixed flow type 
pumps a r e  b e s t  s u i t e d  f o r  t h i s  s i t u a t i o n .  See Chapter 7 ,  f o r  a  d e t a i l e d  d i s -  
cuss ion  of  pumps and s t r u c t u r e s  f o r  pumping i n s t a l l a t i o n s .  
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SLOPE BERM AWAY 
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NOTES 
HOLES MATCH PUNCHED IN SHOP TO PERMIT F I E L O  BOLTING 

GALVANIZED BOLTS TO BE FURNISHED WITH OIAPHRAGM 
LAP BETWEEN TWO SECTIONS TO RECEIVE EXTRA BITUMINOUS 
COATING AT TIME OF ASSEMBLY. 
DIAPHRAGM TO BE FULLY BITUMINOUS COATED 

k CORRUGATED METAL PIPE 1 

PROFILE ALONG CENTERLINE OF PIPE 
@BACK BOARDS 

GENERAL NOTES 

I BACK BOARDS TO BE NAILED TO MEMBER @) AND NAILED 
TOGETHER WITH NAILS AT 6" 0 C 

2 SIDE BOARDS TO BE NAILED TO MEMBERS @ AND @ 
3 FLOOR BOARDS SHALL BE NAILED TO MEMBER @ 
4 NAILS SHALL BE PAINTED OR COATED 

5 ALL NAILS AND BOLTS WILL BE GALVANIZED 

6 MINIMUM LENGTH OF P I L E S  SHALL BE 2 TIMES THE 
LENGTH OF MEMBER @ 

7 TIP END OF P I L E S  SHALL BE A MINIMUM OF 6" DIA. 
8 PILES SHALL BE DRIVEN OR J E T T E D  IN PLACE 

9 PILES AND TIMBER SHALL BE CREOSOTE TREATED 

10 L : LENGTH OF FLOOR 
I I ASBESTOS BONDED BlTUMlNOUS COATED CORRUGATED 

METAL PlPE SHALL BE USED 

12 WATER TIGHT COUPLING BANDS SHALL BE USED AT 
A L L  P l P E  JOINTS 

13 TIMBER QUANTITIES BASED ON DRESSED SIZES 

14 FLAP GATE SHALL BE ARMCO MODEL 10-C OR APPROVED 
EQUAL. WtTH BRONZE BUSHINGS. BOLTS AND HINGE 
BARS 

TYPICAL - F L A P  GATE 

- CORRUGATED BAND7 

ANTI-SEEP COLLARS 

NOT TO SCALE 

Figure 9-8, Drainage flap gate installation 



I 
Figure 9-9 ,  Typical low-head t i d e  gate 



A s  prev ious ly  mentioned, pumps used i n  t i d a l  drainage s i t u a t i o n s  a r e  u sua l ly  
opera ted  only during t h e  gate-closed pe r iod ,  t o  reduce t h e  s to rage  require-  
ment. They can be  opera ted  dur ing  t h e  gate-open pe r iod  a l s o ;  however, t h i s  is 
seldom done a s  t h e  only b e n e f i t  is t o  reduce t h e  load  on t h e  t i d e  ga t e  per- 
m i t t i n g  use of  a smal le r  ga te .  General ly,  t h e  cos t  of pumping dur ing  t h i s  
gate-open per iod ,  f o r  t he  l i f e  of t h e  p r o j e c t ,  is far  i n  excess of  t h e  cos t  
of a l a r g e r  ga te .  
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