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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 .  
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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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Figu re  4-2a, S o i l  p r o f i l e  showing h igh  c a p i l l a r i t y  

rlu 
. * - .  

/ . . 
, - . . 

RC77Y.Z RODr ZONE ' ' ' . . 
- .  

------ ---- - 

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 



I 
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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Figure  4-36, C a p a c i t y  chart - n = 0.013 

U. S. DEPARTMENT O F  AGRICULTURE 

SOIL CONSERVATION SERVICE 

ENGINEERING DIVISION - DRAINAGE SECTION 

S T A N D A R D  DWG. NO. 

ES - 721 

SHEET 2 OF 3 

D A T E  8-3-70 



DRAIN CAPACITY CHART - n = 0.01 5 

REFERENCE: This chart was 
develaped by Guy B. Fasken. 

U. S .  DEPARTMENT OF AGRICULTURE 
STANvARD DWG. NO 

SOIL CONSERVATION SERVICE ES - 721 

SHEET 3 OF 3 
ENGINEERING DlVISION - DRAINAGE SECTION DATE 8-3-70 

F i g u r e  4-36, Capaci ty  char t  - n = 0.015 



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 
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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 .  
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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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