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NATIONAL ENGINEERING HANDBOOK 

SECTION 16 

DRAINAGE OF AGRICULTURAL LAND 

CHAPTER 8. DRAINAGE OF ORGANIC SOILS 

General  

General  i n v e s t i g a t i o n s ,  des ign ,  and development of dra inage  f a c i l i t i e s  f o r  
organic  s o i l s  fol low t h e  same procedure used i n  d ra in ing  mineral  s o i l s .  
However, modif icat ions and adjustments  must be made t o  meet p rope r t i e s  and 
problems inherent  w i th  such s o i l s .  These inc lude  depth of formation, v a r i -  
a t i o n s  i n  dra inage  capac i ty ,  water-holding capac i ty ,  combus t ib i l i t y ,  e ros ion ,  
shr inkage  and swel l ing ,  subsidence,  and a v a i l a b i l i t y  of o u t l e t .  Appropriate  
des ign  f a c t o r s  should be worked out  i n  dra inage  guides .  

High land va lues ,  coupied w i t h  small  and i n t e n s i v e l y  c u l t i v a t e d  hold ings ,  
f r equen t ly  complicate des ign  of dra inage  systems f o r  such s o i l s  by (a) neces- 
s i t a t i n g  t h e  f i t t i n g  of t h e  dra inage  p a t t e r n  t o  va r i ed  proper ty  boundaries ,  
(b) l i m i t i n g  the  open channel  t o  t he  l e a s t  pos s ib l e  land a r e a ,  and (c )  r e -  
q u i r i n g  f l e x i b l e  water  con t ro l s  t o  s u i t  varying opera t ions  of many owners. 

C l a s s i f i c a t i o n  of Organic S o i l s  

General  p rope r t i e s  of orpanic  s o i l s  

Organic s o i l s  involved i n  dra inage  problems a r e  those t h a t  a r e  s a t u r a t e d  
w i t h  w a t e r  f o r  prolonged per iods  of time o r  have been a r t i f i c i a l l y  drained.  
Di f fe rences  among such organic  s o i l s ,  commonly c a l l e d  pea ts  and mucks, 
r e f l e c t  t h e i r  response t o  dra inage .  These d i f f e r e n c e s ,  i n  t u rn ,  r e f l e c t  
v a r i a t i o n s  i n  t h e i r  cha rac t e r  and o r i g i n .  I n  t he  c l a s s i f i c a t i o n  of organic 
s o i l s ,  e f f o r t s  have been made'to i n d i c a t e  t he se  d i f f e r ences  . 
The c l a s s i f i c a t i o n  of organic s o i l s  followed i n  s o i l  surveys of t he  
U . S .  Department of Agr i cu l tu re  and Land Grant  Colleges i s  based on a number 
of s o i l  p rope r t i e s .  Major emphasis i s  given t o  t h e  na tu re ,  arrangement and 
th ickness  of d i s t i n c t i v e  l a y e r s  i n  t h e  p r o f i l e ,  mineral  content ,  and s t a g e  
of decay. Broad c l a s s e s  have been d i s t i ngu i shed  according t o  s t a g e  of de- 
composition a s  F i b r i c ,  Hemic, o r  Sapr ic .  The F i b r i c  a r e  t he  l e a s t  decom- 
posed, t h e  Sapr ic  most decomposed, and t h e  Hemic a r e  i n  an in te rmedia te  
s t a g e  o f  decomposition between t h e  F i b r i c  and Sap r i c .  Pea ts  a r e  t he  l e a s t  
decomposed and mucks t he  most. 

C l a s s i f i c a t i o n  of organic s o i l s  h igh ly  u s e f u l  t o  t h e  drainage s p e c i a l i s t  has 
been on the  bas i s  of mineral  mat te r  content ,  a s  ash  res idue  from burning,  and 
the  bo tan i ca l  composition. 

Mineral  mat te r  content  

I n  the  s o i l  survey,  organic s o i l s  a r e  d i s t i ngu i shed  from mineral  s o i l s  when 
t h e  su r f ace  l aye r  i n  i t s  n a t u r a l  s t a t e  has a  th ickness  of 16 inches o r  more, 
and has e i t h e r  (a)  20 percent  o r  g r e a t e r  organic  ma t t e r  content  when the  
mineral  f r a c t i o n  has l i t t l e  o r  no c l a y ,  (b) 30 percent  o r  g r e a t e r  organic 
ma t t e r  content  when t h e  mineral  f r a c t i o n  has 50 percent  or more c l ay ,  o r  
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(c )  an  o rgan i c  ma t t e r  conten t  t h a t  v a r i e s  from 20 t o  30 percent  when the  c l ay  
conten t  of t he  minera l  f r a c t i o n  ranges from 0 t o  50 pe rcen t ,  r e s p e c t i v e l y .  

I n  land d ra inage ,  o rgan i c  s o i l s  a r e  c l a s s i f i e d  by dra inage  s p e c i a l i s t s  accord-  
ing  t o  i g n i t i o n  l o s s .  Pea t s  a r e  def ined  a s  conta in ing  50 percent  o r  more 
o rgan i c  ma t t e r  and mucks a s  conta in ing  l e s s  than  50 p e r c e n t .  Genera l ly ,  mucks 
a r e  p r e f e r r ed  f o r  a g r i c u l t u r a l  use  because they d r a i n  b e t t e r ,  s h r i n k  l e s s ,  
work more e a s i l y ,  and need l e s s  f e r t i l i z e r .  

Some minera l  s u r f a c e  s o i l s  a r e  s o  h igh  i n  organic  ma t t e r  t h a t  they behave 
somewhat l i k e  organic  s o i l s .  Such s o i l s  u s u a l l y  a r e  i n t e rmed ia t e  i n  char-  
a c t e r  between t he  organic  and mineral  s o i l s .  However, i n  t he  s o i l  survey 
they  a r e  c l a s s i f i e d  i n  an app rop r i a t e  s e r i e s  of minera l  s o i l s .  A n  example 
i s  t he  Bayboro s o i l s  s e r i e s  which occurs  along t h e  A t l a n t i c  seaboard.  Some 
members of t h i s  s e r i e s  s o  n e a r l y  approach t he  cha rac t e r  of mucks o r  pea ts  i n  
t he  s u r f a c e  l a y e r s  t h a t  one s o i l  type has been c a l l e d  Bayboro mucky loam t o  
d i s t i n q u i s h  i t  from Bayboro loam. 

Botan ica l  composition 
Broad groups of o rgan i c  s o i l s  a r e  recognized on t h e  b a s i s  of b o t a n i c a l  compo- 
s i t i o n .  These groups a r e  the sedimentary pea t s  and mucks, sedge pea t s  and 
mucks, moss pea t s  and mucks, and woody pea t s  and mucks. A d e t a i l e d  de sc r ip -  
t i o n  of t he se  groups i s  contained i n  USDA B u l l e t i n  1419 by Dachnowski-Stokes 
(1 ) .  

Sedimentary pea t s  and mucks. - Sedimentary pea t s  and mucks c o n s i s t  of f i n e -  
t ex tu red ,  nonfibrous organic  ma t t e r  der ived  from a q u a t i c  vege t a t i on  i n  which 
a r e  s c a t t e r e d  remains of a l g a e ,  plankton and p o l l e n .  Gene ra l l y ,  t he se  de- 
p o s i t s  a r e  b lack  o r  g r een ,  r a t h e r  e l a s t i c ,  and h igh ly  c o l l o i d a l .  Normally 
accumulat ing i n  deep wa te r ,  they a l s o  occur c h a r a c t e r i s t i c a l l y  a s  deep l a y e r s ,  
o f t e n  i n  depress ions  w i th  s t r o n g l y  s l op ing  s i d e s .  Upon d ry ing ,  t he se  s o i l s  
s h r i n k ,  c r ack ,  and f i n a l l y  become ha rd .  Once d r y  they absorb water  very  
s lowly.  They l a c k  s t a b i l i t y  and f i rmness under load and a r e  expensive t o  
d r a i n .  A f t e r  being dra ined  they a r e  poor f o r  c rop  product ion because of 
unfavorab le  phys ica l  p r o p e r t i e s  and mois ture  r e l a t i o n s h i p s .  Where sedimen- 
t a r y  pea t s  o r  mucks occur  i n  t h e  form of t h i n  l a y e r s  i n  a  p r o f i l e  of coa r se r  
pea ts  o r  mucks, they  can o f t e n  be broken up mechanical ly  and mixed w i th  t he  
c o a r s e r  m a t e r i a l s .  

Sedge pea t s  and mucks. - Sedge pea t s  and mucks a r e  t h e  r e s idues  from sedges ,  
r e eds ,  and g r a s s l i k e  p l a n t s  of var ious  s i z e s .  Some r e s idues  a l s o  come from 
o t h e r  p l a n t s  so  t h a t  t he se  p e a t s  and mucks a r e  comon ly  heterogeneous.  They 
a r e  g e n e r a l l y  porous,  f i b r o u s ,  and have a  wide v a r i e t y  of s i z e s  of p l a n t  
remains. They decompose s lowly and have l e s s  tendency t o  s h r i n k  and subs ide  
than  do sedimentary o r  moss pea ts  and mucks. They d r a i n  r e a d i l y ,  a r e  moder- 
a t e l y  f e r t i l e ,  and a r e  gene ra l l y  good f o r  a g r i c u l t u r a l  u se .  

Moss pea t s  and mucks. - Moss pea t s  and mucks c o n s i s t  most ly of r e s idues  from 
sphagnum and hypnum mosses. They a r e  spongy and f i b r o u s  though f i n e r  than 
sedge pea t s  and mucks. sphagnum pea t s  are low i n  p l a n t  n u t r i e n t s ,  s t r o n g l y  
a c i d ,  and of l i t t l e  a g r i c u l t u r a l  va lue .  Hypnum pea t s  a r e  f a i r l y  dark  i n  
c o l o r ,  somewhat l e s s  a c i d ,  and b e t t e r  s u i t e d  f o r  c rop  product ion .  Moss pea t s  
and mucks u s u a l l y  absorb water  i n  amounts equa l ing  5 o r  6 times t h e i r  d ry  
weight  but  may absorb  a s  much a s  20 t imes t h e i r  d ry  weight .  These s o i l s  a r e  
hard t o  d r a i n ,  tend t o  s h r i n k  g r e a t l y  a s  they  d ry  o u t ,  and swel l  markedly 
when wet .  I f  they a r e  overdrained t h e  o rgan i c  r e s idues  pack poor ly  and t he  
s o i l  becomes droughty.  Where l aye r s  of moss pea t  occur  i n  p r o f i l e s  c o n s i s t i n g  



mainly of sedge or  woody pea t  they r e t a i n  moisture and r e t a r d  movement of 
water  taward o u t l e t s .  Thus, they lead t o  uneven shrinkage i f  d r a i n s  a r e  
widely spaced.  

Woody pea t s  and mucks. - Woody pea ts  and mucks commonly c o n s i s t  of g r anu la r ,  
w e l l  d i s i n t e g r a t e d  res idues  of woody p l a n t s  mixed w i t h  some wood fragments. 
The r e s idues  may come from deciduous o r  coniferous t r e e s ,  from var ious  shrubs 
such a s  hea th ,  willow and a l d e r ,  o r  from a l l  of these  p l a n t s .  V e r t i c a l  sec-  
t i o n s  a r e  r e l a t i v e l y  homogeneous a s  a  r u l e  though ho r i zon ta l  bands of s l i g h t l y  
decayed r e s idues  may occur. These pea ts  and mucks a r e  l e s s  p l a s t i c  and cohe- 
s i v e  than t h e  o the r  t h r ee  k inds .  They a r e  i n c l i n e d  t o  s loughing i n  t he  banks 
of deep d r a i n s .  Water v e l o c i t i e s  need t o  be kept  low i n  channels d ra in ing  
l a rge  a r e a s .  I n  genera l ,  woody pea t s  and mucks have lower water-holding 
c a p a c i t i e s  than o the r s  and, t h e r e f o r e ,  d r a i n  more r e a d i l y .  Once dra ined  and 
developed, they have r e l a t i v e l y  favorable  phys i ca l  p rope r t i e s  and can be used 
succes s fu l ly  f o r  crop product ion,  e s p e c i a l l y  f o r  vege tab les .  

Subsidence i n  Drained Organic S o i l s  

Causes of subsidence 

Surface subsidence i s  t he  r e s u l t  of s o i l  shr inkage  by oxida t ion  and compaction 
and d i r e c t  s o i l  l o s s  by e ros ion  and burning. Shrinkage i s  i n e v i t a b l e  w i th  
dra inage .  Lowering of t h e  water  t a b l e  permits e n t r y  of a i r  i n t o  pores.  Oxi- 
da t ion  of t he  organic  s o i l  by a c t i o n  of ae rob ic  b a c t e r i a  converts  such mat te r  
t o  carbon d ioxide ,  which escapes i n t o  t he  atmosphere, and water .  The removal 
of water  by dra inage  causes weight  of upper s o i l  l aye r s  t o  compact lower 
l a y e r s .  The opera t ion  of farming equipment i n  prepar ing  and compacting seed- 
bed conso l ida t e s  su r f ace  l aye r s  by pu lve r i z ing  t h e  s o i l  and e l imina t ing  l a r g e r  
s o i l  vo ids .  

Observat ion of many s i t e s  over many years  i n  both t h e  United S t a t e s  and Europe 
i n d i c a t e s  a n  o v e r a l l  average subsidence of about 1 inch pe r  year  and t h a t  t h i s  
r a t e  v a r i e s  d i r e c t l y  wi th  t h e  depth of organic  ma te r i a l  exposed above the  
water  t a b l e .  Higher i n i t i a l  r a t e s  of subsidence occur w i th in  t he  f i r s t  sev- 
e r a l  years  a f t e r  drainage.  These higher  r a t e s  a r e  a t t r i b u t a b l e  p r imar i l y  t o  
i n i t i a l  compaction which may be two o r  t h r e e  times t he  average subsidence 
occurr ing  i n  l a t e r  years .  

Allowance f o r  subsidence i n  design 

Subsidence, w i th  r e s u l t i n g  drop i n  s u r f a c e  e l e v a t i o n ,  reduces the f a l l  a v a i l -  
a b l e  f o r  dra inage  i n t o  a n  a v a i l a b l e  o u t l e t .  By na tu re  of most s i t e s  where 
organic s o i l s  a r e  formed, an  o u t l e t  f o r  f r e e  dra inage  d ischarge  i s  l imi ted  i n  
depth and grade.  Unless pump dra inage  i s  provided,  o u t l e t  improvements may 
need t o  be c a r r i e d  out  long d i s t ances  below t h e  benef i ted  a r e a .  Unequal 
s e t t l emen t  of only small  a r ea s  can a f f e c t  a  whole f i e l d .  Design of an ade- 
qua t e  dra inage  system must al low f o r  subsidence over a  reasonable l i f e  expect-  
ancy of t h e  improvement. Where no l o c a l  d a t a  on subsidence r a t e s  a r e  a v a i l -  
a b l e ,  an allowance f o r  i n i t i a l  subsidence of a  newly developed s i t e  can be 
est imated a s  25 t o  35 percent  of the  designed depth of d ra in s  below the  e x i s t -  
ing land l e v e l .  A t  l e a s t  10 percent  should be allowed fo r  d ra in s  cons t ruc ted  
o r  recons t ruc ted  on previous ly  drained land.  Information on subsidence r a t e s  
f o r  s p e c i f i c  a r ea s  of t he  United S t a t e s ,  which a r e  u s e f u l  i n  des ign ,  have been 
published by Sutton ( 2 ) ,  Stephens ( 3 ) ,  Roe ( 4 ) ,  Jongedyk (5) and o t h e r s .  



I n  des igning  t h e  mains and l a t e r a l s ,  t he  b e s t  procedure i s  t o  prepare ,  f i r s t ,  
a  rough pre l iminary  des ign  without  considering subsidence t o  determine the  
approximate l oca t ion ,  s i z e ,  and depth of d i t c h e s  and d r a i n s .  Next, cons ider  
e x i s t i n g  ground e l eva t ions  and corresponding s o i l  bor ings  t o  take subsidence 
i n t o  account .  Estimated subsidence should be determined along each channel ,  
based on the  channel depths and borings of t h e  pre l iminary  des ign .  Next, the  
es t imated  subsidence should be sub t r ac t ed  from e x i s t i n g  ground e l eva t ions  t o  
determine e l e v a t i o n s  of a  subsided su r f ace .  Then a f i n a l  des ign  hydraul ic  
g r a d i e n t  should be e s t ab l i shed  f o r  t h e  channels w i th  r e spec t  t o  a  poin t  i n  t h e  
o u t l e t  channel w e l l  downstream and below t h e  improvement, where subsidence 
should not  t ake  p lace .  Channel s e c t i o n s  should then  be ad jus t ed  t o  t h i s  gra-  
d i e n t  t o  provide t h e  depth and s i z e  necessary t o  d ischarge  the  des ign  flow. 
I n  some s i t u a t i o n s ,  changes i n  su r f ace  e l e v a t i o n  a f t e r  subsidence may be enough 
t o  r e q u i r e  a  complete realignment o r  r e l o c a t i o n  of t h e  main and l a t e r a l s .  

Other  C h a r a c t e r i s t i c s  of Organic S o i l s  and Thei r  Treatment 

Erosiveness 

Volume weight of organic  s o i l ,  a s  compared t o  mineral  s o i l ,  i s  low. Pea ts  
may con ta in  a s  l i t t l e  a s  8 t o  20 pounds of d ry  m a t e r i a l  pe r  cubic  f o o t .  
When su r f ace  l a y e r s  of pea t  and muck become pulverized by a l t e r n a t e  we t t i ng ,  
dry ing ,  and working, they a r e  e a s i l y  moved by wind and wa te r .  Wind eros ion  
u s u a l l y  i s  an important  f a c t o r  in f luenc ing  organic s o i l s .  It damages young 
p l a n t s  by ab ra s ions  and con t r ibu t e s  t o  r ap id  s i l t i n g  of  d i t c h e s .  Suscept i -  
b i l i t y  t o  wind e ros ion  can be minimized by reducing su r f ace  exposure of land 
t o  t h e  sweep of t h e  wind. This  i s  done by su r f ace  b a r r i e r s ,  by vege t a t i on  
and o t h e r  t reatment  of t h e  su r f ace ,  and by maintaining a s  high wa te r  l e v e l  
i n  t h e  s o i l  a s  p r a c t i c a b l e ,  p a r t i c u l a r l y  i n  t h e  nongrowing season.  

B a r r i e r s  may be f i xed  o r  movable, l i v e  o r  cons t ruc ted  m a t e r i a l s .  E f f e c t i v e  
l i v e  b a r r i e r s  can be p l an t ings  of green willow, Chinese elm, p r i v e t ,  o r  ever-  
greens i n  rows 200 t o  350 f e e t  a p a r t  a c ros s  t h e  d i r e c t i o n  of p reva i l i ng  wind. 
Deciduous p l an t ings  g ive  e a r l i e r  p ro t ec t ion  a f t e r  p l a n t i n g  but  lack  year-round 
p r o t e c t i o n  of the  s lower growing evergreens.  Snow fences ,  a t  c l o s e  spacing,  
provide temporary .removable b a r r i e r s  and occupy l e s s  cropland.  Planning of 
b a r r i e r s  should be coordinated wi th  t h e  planning of t h e  dra inage  system so  
t h a t  d i t ches  a r e  l e a s t  a f f e c t e d  by s i l t  depos i t i on  and v e g e t a t i v e  growth, and 
s o  t h a t  covered d r a i n s  a r e  pro tec ted  from r o o t  i n t r u s i o n .  I n t e r p l a n t i n g s  of 
crops a s  rye  o r  rows of corn and sunflower provide s u r f a c e  p ro t ec t ion  from 
wind. In te rmixing  f i b rous  and woody ma t t e r  o r  c l a y  a s  a  b inder  i n  t he  s o i l  
su r f ace  a l s o  reduces hazard of both wind and water  e ros ion  but  i s  c o s t l y .  

Water e ros ion  i s  most l i k e l y  t o  occur when runoff  from s loping  land o r  s t e e p  
uplands d ischarges  i n t o  t h e  a r ea .  Prevent ive  measures should inc lude :  (a )  
Divers ion  o f  upland water  a t  t he  ou t e r  edge of t h e  development; (b) design and 
l o c a t i o n  of mains and l a t e r a l s  when se rv ing  l a r g e  a r e a s ,  s o  a s  t o  a t t a i n  low 
v e l o c i t i e s ;  (c)  combining subsur face  d ra in s  w i th  r e g u l a r l y  spaced d i t c h e s  l a i d  
ac ros s  s lope ,  s o  a s  t o  break up overland water  movement; and (d) use of drop 
s t r u c t u r e s  f o r  d i t c h  o v e r f a l l s  i n t o  deeper  o u t l e t  d i t c h e s  o r  n a t u r a l  channels .  

Combust ib i l i ty  

Mucks and pea ts  burn r e a d i l y  when d ry .  Burning of tussocks ,  brush and timber 
dur ing  c l e a r i n g  f o r  cons t ruc t ion  and land  improvement should not be permit ted 
except  when t h e  ground i s  s a t u r a t e d  and f i r e  can be c o n t r o l l e d .  To avoid r i s k  
of h igh ly  s u s c e p t i b l e  g ra s s  and brush f i r e s ,  d ra inage  of pea t  and muck land 



should be defer red  u n t i l  ready f o r  a g r i c u l t u r e .  Drainage systems should be 
designed,  i n s o f a r  a s  pos s ib l e ,  t o  permit r a i s i n g  of t h e  water  t a b l e  dur ing  
d ry  seasons .  

Absorption and water-holding c a p a c i t y  

Fibrous pea t s  have h igh  absorp t ion  and water-holding capac i ty .  Excessive 
swel l ing  when wet and poor compaction r e s u l t  i n  uneven su r f aces  t h a t  cause 
s p o t t y  a r e a s  of poor dra inage  o r  drought iness .  Construct ion of c l o s e l y  
spaced d r a i n s  and r egu la t i on  of the  water  t a b l e  a r e  requi red  t o  maintain 
uniform moisture c o n t r o l .  Excessive dry ing  of organic s o i l  i s  dangerous i n  
t h a t  t he  pas ty  s e c r e t i o n  i n  the pea ty  aggrega te  rehydra tes  more s lowly wi th  
decreas ing  water  content ,  and, once d ry ,  rehydra t ion  may be impossible .  I n  
organic s o i l s  overlaying marl ,  s i l t y  c l a y ,  c l a y ,  o r  f i n e  non-water-bearing 
sand, an absorp t ion  cushion of organic  s o i l  should be l e f t  between t h e  bottom 
of d i t c h e s  and t h e  impervious m a t e r i a l  t o  s e rve  a s  a r e s e r v o i r  of moisture 
dur ing  drought .  This  cushion should be one foo t  t h i c k  and never l e s s  than 
one-half foo t  t h i c k .  

Design Requirements f o r  Ditches and Drains 

Mains and l a t e r a l s  

Main and l a t e r a l  d i t ches  should be designed t o  meet t h e  genera l  requirements 
of s i m i l a r  channels i n  mineral  s o i l s ,  wi th  allowances f o r  subsidence.  Gen- 
e r a l l y ,  i n  deep pea ts  o r  moderately deep pea t s  over  open sands,  mains may be 
spaced ou t  a s  wide a s  1,500 t o  2,500 f e e t  and l a t e r a l s  kept  t o  pos s ib ly  500 
t o  600 f e e t .  Side s lopes  i n  main and l a t e r a l  d i t c h e s  should not  be s t e e p e r  
than 1 t o  1. Such channels  r e q u i r e  a s  much width a s  necessary f o r  hydraul ic  
capac i ty ,  bu t  bottom widths should no t  be l e s s  than 3 f e e t .  

F i e l d  d i t c h e s  and d ra in s  

Both d i t c h e s  and subsur face  d ra in s  can be used a s  f i e l d  c o l l e c t o r s  i n  deep 
pea t .  However, i n s t a l l a t i o n s  of covered d r a i n s  should not  be considered i n  
new dra inage  developments u n t i l  3 o r  more years  a f t e r  i n i t i a l  s e t t l emen t  has 
taken p lace ,  and then only  a f t e r  c a r e f u l  i n v e s t i g a t i o n s  show t h a t  a  uniform 
bear ing  and an adequate o u t l e t  can be assured  f o r  t h e  d r a i n s  throughout.  

Because of v a r i a t i o n  i n  moisture-holding capac i ty  and o t h e r  l o c a l  p rope r t i e s  
of organic  s o i l ,  depths and spacing of d r a i n s  va ry  g r e a t l y  and should be 
e s t a b l i s h e d  i n  drainage guides .  Depth of covered d ra in s  should be a t  l e a s t  
4 f e e t  a f t e r  i n i t i a l  se t t lement  t akes  p lace .  Lines should be spaced from 
approximately 50 t o  200 f e e t  a p a r t ,  depending on t h e  dens i ty  of t he  m a t e r i a l s .  
The woody and grass  reed pea t s  u sua l ly  d r a i n  we l l  a t  about 100- t o  120-foot 
spac ings .  Closer  spacings a r e  b e s t  where con t ro l l ed  dra inage  w i l l  be used. 
I f  i n  doubt ,  the  wider spacings can be t r i e d  and supplemental l i n e s  i n t e r -  
spaced l a t e r  i f  necessary .  Where covered d r a i n s  a r e  i n s t a l l e d  on a l a r g e  
block of l and ,  some d i t c h e s  should be l e f t  f o r  su r f ace  water  removal during 
f l a s h  f loods  . 
When t h e  depth of organic s o i l  t o  t h e  underlying mineral s o i l  i s  l e s s  than 
4 f e e t ,  covered d ra in s  can s t i l l  be used i f  they can be supported continu-  
ous ly  i n  the  mineral  s o i l .  Drains should not  be l a i d  wi th  support  a l t e r -  
na t ing  i n  nonyielding mineral  and y i e ld ing  organic  s o i l s .  B a c k f i l l  over a  
d r a i n  i n  c l a y  s u b s o i l  should be pervious m a t e r i a l .  



When t h e  depth of t h e  organic ma te r i a l  i s  l e s s  than  3 f e e t ,  d i t c h e s  should 
be used. When organic  s o i l  i s  s i t u a t e d  over  marl ,  c l a y  o r  s i l t y  c l a y ,  t he  
depth of d i t c h  should be ad jus ted  t o  provide an  organic cushion of a t  l e a s t  
112- t o  1- foot  depth beneath the  bottom of t h e  open d i t c h .  Spacings between 
d r a i n s  should be decreased t o  correspond t o  such l e s s e r  depths,  u sua l ly  60 
t o  100 f e e t  f o r  2- foot  depths and up t o  200 f e e t  f o r  3- foot  depths .  

F i e l d  d i t c h e s  can be dug us ing  almost v e r t i c a l  s i d e  wa l l s  f o r  f i b rous  p e a t s .  
S ide  s lopes  of a t  l e a s t  11.2 t o  1 should be used on the  l e s s  s t a b l e  woody 
pea t s .  Side s lopes  of 114 t o  1 a r e  commonly used f o r  f i e l d  d i t c h e s .  

The r equ i r ed  c a p a c i t i e s  of covered d ra in s  a r e  about  twice  those  f o r  mineral 
s o i l s ,  s o  t h a t  c o e f f i c i e n t s  should be about 1/2 t o  3/4 of an inch i n  24 hours 
f o r  gene ra l  f i e l d  crops and 314 t o  1 112 inches f o r  t r u c k  c rops .  

P r o t e c t i o n  a g a i n s t  overdrainage 

When seepage o r  low waterf low is l i k e l y  t o  be  i n s u f f i c i e n t  during drought,  
some wa te r  c o n t r o l  by temporary d ikes  o r  by s t r u c t u r e s  should be provided 
f o r  p r o t e c t i o n  a g a i n s t  overdrainage.  When a n  added source  of water  i s  
impera t ive ,  w e l l s ,  d ive r s ions  o r  s to rage  f o r  i r r i g a t i o n  may be considered.  

Mole d ra in s  

Mole d r a i n s  have been used succes s fu l ly  f o r  subsurface dra inage  i n  F lo r ida  
when drawn through f ib rous  organic s o i l .  The usua l  depth i s  about 30 inches ,  
spaced 12 t o  15 f e e t  a p a r t .  An approximate 4 1/2-inch diameter  ho l e  i s  
obtained from a 6-inch mole. Best r e s u l t s  a r e  reali .zed when t h e  water  l e v e l  
i s  kept  below t h e  mole l i n e  dur ing  cons t ruc t ion .  Use o f  occas iona l  p ipe  
ven t s  a s  i n  r egu la r  subsur face  drainage i n s t a l l a t i o n s ,  placed whi le  t h e  l i n e s  
a r e  being drawn, prevents  suc t ion  and consequent co l l apse  of t h e  mole hole .  
I n  F l o r i d a ,  moles l a s t  from 5 t o  8 years .  

Pump Drainage 

Because of l im i t ed  o u t l e t  o r  encroachment of swamps a s  subsidence progresses ,  
pumping and d ik ing  a r e  requi red  on many p r o j e c t s .  (See chapters  6 and 7 . )  
Required heads t o  be pumped a r e  low, mostly ranging from 4 t o  8 f e e t .  Low 
c o s t  of recent - type  p r o p e l l e r  pumps has g r e a t l y  implemented pumping of small  
a r e a s  and a l s o  has made poss ib l e  reclamation of many o t h e r s  without  g r a v i t y  
o u t l e t .  

While pumping p l a n t  design procedures a r e  t h e  same a s  those  f o r  mineral  s o i l s ,  
h igher  dra inage  c o e f f i c i e n t s  u sua l ly  a r e  needed f o r  organic s o i l s  because of 
small  a r e a s  and t h e  h igh  va lue  of crops involved.  

Dikes 

Organic s o i l s  mike poor d ike  m a t e r i a l  and should not be considered f o r  perma- 
nent  engineer ing  s t r u c t u r e s  . Fibrous pea t s  a r e  e n t i r e l y  u n s a t i s f a c t o r y  f o r  
d ikes  un l e s s  mixed wi th  mineral  s o i l s ,  a s  i s  done i n  t h e  c ranber ry  a r eas  of 
New England. Cost o f  cons t ruc t ion  i s  usua l ly  q u i t e  high i n  such cases .  I f  
mucks o r  t h e  heav ie r  pea t s  a r e  t o  be used,  s e v e r a l  precaut ions  must be taken.  
The s u r f a c e  should be covered wi th  4 t o  6 inches of sand whenever t h i s  i s  pos- 
s i b l e ,  and then kept  grassed t o  p r o t e c t  from overdrying.  A t  l e a s t  50 percent  
shrinkage can be expected and must be allowed f o r  i n  t h e  f i r s t  year  o r  two. 
The d ike  should then  be retopped.  



A minimum s e c t i o n  wi th  a t  l e a s t  1 t o  1 s i d e  s lopes  and 8-foot  minimum top  
should be provided. Surface m a t e r i a l s  should be removed from t h e  base before  
cons t ruc t ion .  Where t he  d ike  must p ro t ec t  a g a i n s t  a  s tanding head of water  
during f l oods ,  the  borrow p i t s  should be kept on t h e  ou t s ide  of t h e  d ike .  
Safe heads may vary  w i th  pea t  o r  muck but  should not  exceed 4 f e e t .  I f  only 
low heads occur ou t s ide  of t h e  d ike  (1 foot  o r  l e s s ) ,  t h e  borrow may be taken 
from t h e  pro tec ted  lands ide .  This  channel then  may se rve  a s  a  seepage and 
dra inage  d i t c h .  Permanent d ikes  cons t ruc ted  of organic s o i l s  should not  be 
recomended by SCS engineers .  

Controlled drainage in organic soils near Sebring, Florida 

Contro l led  Drainage 

Cont ro l led  dra inage  slows down subsidence and i t s  adverse e f f e c t  on the  
dra inage  system, reduces wind and f i r e  l o s s ,  and reduces adverse e f f e c t  of 
a f l u c t u a t i n g  water  t a b l e  on c rop  y i e l d s .  Cont ro l led  dra inage  permits  
i r r i g a t i o n  without  h inder ing  f i e l d  ope ra t ions ,  has low labor  and maintenance 
c o s t ,  and u s u a l l y  makes u se  of e x i s t i n g  dra inage  systems wi th  t he  c o n t r o l s  
as t h e  only added i n s t a l l a t i o n .  On the o t h e r  hand, cos t  of closely-spaced 
d r a i n s  f o r  adequate i r r i g a t i o n ,  need f o r  l a r g e r  q u a n t i t i e s  of water  than f o r  
overhead i r r i g a t i o n ,  and r a i s i n g  of undes i rab le  s a l t s  i n  some l o c a l i t i e s  a r e  
undes i r ab l e  f e a t u r e s .  Control led dra inage  i s  obtained by des igning  t h e  
system s o  t h a t  t h e  water  t a b l e  can be maintained more o r  l e s s  cons t an t  a t  
more e f f e c t i v e  depths throughout the  year .  Where pumps a r e  used,  c o n t r o l  is  
obtained by means of t he  pump. I t  i s  a l s o  accomplished under g r a v i t y  cont ro l  



wi th  dams o r  drop s t r u c t u r e s ,  u sua l ly  of t h e  f lashboard o r  s top log  type.  
I n s t a l l i n g  dams i n  l a t e r a l s  r a t h e r  than mains has t h e  advantage of vary ing  
r e g u l a t i o n  f o r  d i f f e r e n t  f i e l d s  and ownerships. Use of moles and c lose ly-  
spaced subsur face  d r a i n s  provides more uniform c o n t r o l .  During droughts ,  
proper ope ra t ion  r e q u i r e s  an adequate water  supply from seepage o r  sp r ings ,  
o r  from su r f ace  supp l i e s  o r  w e l l s  obtained by pumping. 

The wa te r  t a b l e ,  when c o n t r o l l e d ,  can be maintained a t  h igher  l e v e l s  than 
under f r e e  dra inage .  Maximum l e v e l s  should be s l i g h t l y  below the  zone of 
dense roo t ing  and u s u a l l y  18 inches f o r  most g r a s se s  and shallow-rooted 
vege t ab l e s ,  24 inches f o r  most vege tab les ,  and about 30 inches f o r  deep- 
rooted  crops a s  corn.  The water  t a b l e  should be kept  high i n  t h e  sp r ing  
t o  reduce wind e ros ion  and lowered a s  t h e  root  system develops dur ing  the  
season.  Adequate c o n t r o l  r equ i r e s  continuous checks of water  t a b l e  l e v e l s ,  
made through small  observa t ion  we l l s  loca ted  over  va r ious  p a r t s  of the  
con t ro l l ed  a r e a .  

Adjustments i n  t h e  r a t e  of water  removal f o r  r a i n f a l l ,  e t c . ,  can be determined 
wi th  reasonable accuracy.  These a r e  based on measurement of average voids i n  
each f o o t  of depth. Roughly, an  inch of added water  may provide a s  much a s  
1-foot  r i s e  i n  a 2-  t o  2 1/2-foot  s o i l  p r o f i l e  above t h e  wa te r  t a b l e .  Absorp- 
t i o n  and p l a n t  t r a n s p i r a t i o n  gene ra l ly  e l imina t e  t h e  e f f e c t  of i n t e r m i t t e n t  
r a i n f a l l s  of 1 /2  inch  o r  l e s s .  
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