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INTRODUCTION 

Terraces a r e  constructed t o  reduce e ros ion  by shortening t h e  length  
of s lope  and conducting t h e  runoff  water on a nonerosive grade t o  a s t a b l e  - 
o u t l e t .  They a r e  used a l s o  t o  conserve moisture;  reduce f loods  by means 
of l e v e l  closed t e r r a c e s ,  o r  by inc reas ing  t h e  time of concent ra t ion  with 
graded t e r r a c e s ;  and t o  c o n t r o l  g u l l y  heads downstream. 

Terracing i s  one of t h e  bes t  mechanical e ros ion  con t ro l  p rac t i ces .  To 
be accepted by farmers,  t e r r a c e s  must have d e s i r a b l e  shape and alignment 
and be farmable wi th  modern equipment. 

FUNCTION OF TERRACES I N  THE CONSERVATION PROGRAM 

Terraces t h a t  a r e  properly loca ted ,  constructed and maintained reduce 
runoff  and s o i l  l o s ses  and prevent t h e  forming of r i l l s  and g u l l i e s .  They 
a s s i s t  i n  reclaiming badly g u l l i e d  f i e l d s  by in t e rcep t ing  t h e  runoff  be- 
f o r e  it becomes concentrated and a t t a i n s  an eroding ve loc i ty .  Terraces 
prevent t h e  l o s s  of c o s t l y  seed and p lan t  foods. To be e f f e c t i v e ,  they 
must be used i n  combination wi th  o the r  p r a c t i c e s ,  such a s  s tubb le  mulchtng, 
contouring,  and s t r ipcropping .  Over a period of yea r s ,  b e t t e r  crops may 
be expected on t e r r aced  land because of t h e  s o i l  and moisture they save. 

Ter races  a r e  of va lue  on p r a c t i c a l l y  a l l  s o i l s  except those  t h a t  a r e  
t o o  s tony,  sandy, or  shallow t o  permit p r a c t i c a l  and economical construc-  
t i o n  and maintenance. They a r e  normally used only on c u l t i v a t e d  lands. 
However, some badly eroded lands may be so severe ly  g u l l i e d  t h a t  i t  would 
be d i f f i c u l t  t o  e s t a b l i s h  g ras s .  I n  such ins t ances ,  t e r r a c e s  a r e  necessary 
on grassland.  

Frequently,  t h e  l e s s  product ive s o i l s  a r e  not  t e r r aced  u n t i l  t h e  s o i l  
has become so badly eroded t h a t  cons t ruc t ion  i s  c o s t l y ,  maintenance i s  ex- 
ces s ive ,  and farming opera t ions  a r e  d i f f i c u l t .  Terraces pay t h e  smal les t  
r e t u r n s  when used t o  rec la im f i e l d s  t h a t  a r e  a l ready badly eroded and 
g u l l i e d .  

It i s  not  advisable  t o  t e r r a c e  some lands where t h e  s lope of t he  land 
i s  e i t h e r  t o o  s l i g h t  or  excess ive ,  or  t he  topography i s  extremely i r r e g u l a r .  

The s teepness  of t h e  land i s  one of the  f a c t o r s  t h a t  determines the  
p r a c t i c a b i l i t y  of t e r r a c e s .  As t h e  land s lope  inc reases ,  s o i l  l o s s  from 
e ros ion  increases .  However, t h e  c o s t  of cons t ruc t ion  and maintenance of 
t e r r a c e s  and t h e  d i f f i c u l t y  of farming them inc rease  with t h e  degree of 
s lope  t o  t h e  poin t  t h a t  t hese  f a c t o r s  may eventua l ly  outweigh t h e  b e n e f i t s  
derived.  When t h i s  poin t  i s  reached, t e r r a c i n g  i s  not  advisable.  On t h e  
o ther  hand, t e r r a c e s  may be needed on long s lopes  as g e n t l e  as one-half 
foo t  per 100 f e e t  t o  reduce e ros ion  caused by concent ra t ions  of water. 

The s t e e p e s t  s lope  on which t e r r a c i n g  i s  p r a c t i c a l  i s  not  determined 
by formula but  by t h e  economics, i ndus t ry  of t h e  opera tor ,  and t h e  a c c m -  
panying conserva t ion  p r a c t i c e s  applied.  Terraces a r e  being employed 
success fu l ly  on s lopes  as s t eep  a s  12 percent  on r e s i d u a l  and g l a c i a l  



s o i l s  and on slopes up t o  20 percent on loess  s o i l s ,  when proper land use - - 

B i s  practiced. 

It i s  d i f f i c u l t  t o  l ay  out a farmable t e r race  system on very irregu- 
l a r  slopes. Curves t h a t  a r e  too sharp for modern farm machinery cannot be 
avoided, except by excessive cu t s  and f i l l s .  Most s o i l s  i n  t h i s  type of 
topography are too shallow t o  permit deep cuts.  Hence, spacing between 
te r races  w i l l  vary and cause many point rows. 

APPLICABLE STATE UWS 

Applicable s t a t e  laws governing the  diversion of water must be fo l -  
lowed i n  planning and i n s t a l l i n g  te r race  systems. Generally, s t a t e  laws 
require t h a t  water must not be diverted so t h a t  i t  leaves a farm a t  a 
point other than the  natural  watercourse. 

PLANNING TECHNIQUES 

A major requirement of a good te r race  system for  row crops i s  that 
the  t e r races  must have the  best  possible alignment and be para l le l  wher- 
ever possible. With pa ra l l e l  t e r races ,  each te r race  i s  planned a s  par t  of 
a t o t a l  system. A pa r a l l e l  t e r race  system can have correct ion areas pro- 
vided they occur between s e t s  of pa r a l l e l  ter races .  However, the  correc- 
t i on  areas  should be located careful ly .  

A amber  of techniques can be used t o  improve the farmabil i ty and t o  

D a s s i s t  i n  making te r races  para l l e l .  Some are: 

1. Choice of ou t le t s .  On some f i e l d s ,  grass waterways may be best . . 

for  ou t le t s .  Some jobs may require  an underground ou t l e t ,  com- 
monly knows a s  the  t i l e  ou t le t .  On others,  the  t e r races  m a y  be 
b u i l t  l eve l  with closed ends so t ha t  the  ou t le t  i s  the s o i l  
i t s e l f .  

2. Choice of t e r race  cross section. The cross section may be e i ther  
broad based or have a steep grass backslope. T h i s  w i l l  depend 
upon the  s o i l ,  the  slope of the  f i e l d ,  and the  wishes of the  
farmer. The te r race  channel may be e i ther  f l a t  or V-shaped. 

3. Making t e r races  para l l e l .  The cut-and-f i l l  method may be used on 
some f ie lds .  On others,  pa r a l l e l  layouts may be made by varying 
the  grade, using grass turn  s t r i p s ,  and other techniques. 

A l l  of these techniques should be considered i n  the  layout of any 
te r race  system, A well-planned system requires  throughtful ,  deta i led plan- 
ning which w i l l  r e s u l t  i n  a system tha t  i s  easy t o  farm and maintain. 

2. OBJECTIVES OF A WELL-PLANNF,D TERRACE SYSTEM 

There a r e  several general objectives t o  be kept  i n  mind i n  t e r race  
planning. These a re  erosion control ,  farmabil i ty,  topography improvement, 
and moisture conservation where level  t e r races  a r e  used. 

D 



EROSION CONTROL 

Erosion control  i s  the  prime objective i n  ter racing.  The technician 
should consider the allowable s o i l  loss ,  the  most in tensive  use expected 
fo r  the land, and the expected level  of management i n  planning te r races  
for erosion control. This means t ha t  t e r races  must generally fit t h e  con- 
tour  of the land, Deviations from the selected grade must be l imi ted,  and 
allowed only when necessary t o  obtain good alignment. 

FARMABILITY 

Farmability i s  a second important objective.  Terraces must be as 
farmable as  possible i n  order t o  have them accepted and maintained. A 
ter race  system with good farmabil i ty w i l l :  

1. Have the best  possiblealignment and be pa ra l l e l  wherever possi- 
b le  for row crops. This w i l l  reduce point rows, save time i n  
plowing, planting and harvesting, and reduce crop damage caused 
by turning between terraces .  When only g ra in  or hay crops a re  
grown, pa r a l l e l  t e r races  a r e  not so important provided the  tex- 
race cross section i s  f l a t  enough t o  permit easy crossing with 
farm machinery. 

2. Be spaced t o  f i t  the equipment used i n  the area. I f  farmers a r e  
using 4-row equipment, ter racing spacing should be adapted t o  mul- 
t i p l e s  of four rows. I f  the trend i s  6- and 8-row equipment 
(or other special  types) t e r r ace  spacing should be planned, i f  
possible,  t o  f i t  present and future  equipment. 

3. Be spaced a s  wide as  possible without exceeding the  allowable 
s o i l  loss.  

4, Be planned and constructed with a workable cross section. The 
cross sect ion should not increase the  slope of t h e  land t o  the  
point where it i s  d i f f i c u l t  t o  farm. Some ter racing increases the  
slope of the  land between the  t e r races  because ea r th  i s  taken from 
the channel and placed i n  the r idge.  An increase i n  slope can be 
to lera ted on the  f l a t t e r  land but any increase i n  slope on steep 
land tends t o  make farming operations slower, decrease stands,  
and reduce efficiency.  One solut ion on the steep land i s  t o  de- 
velop a steep te r race  back slope and seed it t o  permanent vegeta- 
t ion.  Another i s  t o  borrow f i l l  material  below the t e r race  t o  
make the  r idge,  and seed the s teep back slope. These methods 
w i l l  f l a t t e n  the  land between te r races  and should be used where 
applicable. 

5. Provide good access roads t o  a11 par t s  of the terraced f i e ld .  
This i s  very important for  erosion control .  Roads can be pro- 
vided on f i e l d  r idges ,  along the  s ide  of grass waterways, and 
along f i e l d  boundaries. Waterways should never be used for 
roads. 



TOPOGRAPHY IMPROVEMENT 

I n  planning a t e r r a c e  system t o  improve t h e  topography of a f i e l d ,  
t h e  t e r r a c e s  a r e  l a i d  out f a i r l y  s t r a i g h t  and smooth, t ak ing  them d i r e c t l y  
ac ross  minor draws and g u l l i e s .  Af t e r  t h e  t e r r a c e s  a r e  b u i l t  t h e r e  w i l l  
be some s o i l  movement i n  t h e  t e r r a c e  i n t e r v a l ,  caused both by equipment 
and by water.  However, any s o i l  t h a t  moves w i l l  be deposi ted i n  low a reas ,  
t hus  smoothing t h e  f i e l d  and making it more farmable. 

Another method of improving t h e  topography of a f i e l d  i s  t o  do some 
benching or  promote benching between t e r r a c e s .  Benching between t e r r a c e s  
w i l l  occur t o  some ex ten t  on s t eep  s lopes  wi th  wide spac ing ,  i n t e n s i v e  
cropping and improper plowing. On deep s o i l s  of f a i r l y  uniform t e x t u r e ,  
such a s  t h e  deep l o e s s  s o i l s ,  benching between p a r a l l e l  t e r r a c e s  w i l l  
provide a f l a t t e r  s lope  t o  farm, b e t t e r  moisture d i s t r i b u t i o n  over t h e  
benched a r e a ,  and reduce downhill s l i d i n g  of equipment. By cons t ruc t ing  
t e r r a c e s  mainly from t h e  downhill s i d e  t h e  s lope  between t e r r a c e s  w i l l  be 
reduced. Then t h e r e  a r e  two ways t o  speed up t h e  benching process:  

1. Use earthmoving equipment t o  cons t ruc t  t h e  bench a t  t h e  time 
t h e  t e r r a c e s  a r e  i n s t a l l e d .  On s t eep  s lopes  t h i s  i s  very 
c o s t l y .  

2.  Speed up t h e  n a t u r a l  process by plowing t o  move t h e  s o i l  down- 
h i l l .  The spacing must be s e t  s o  t h a t  t h e  t e r r a c e  r i d g e  can be 
r a i sed  a s  needed. 

Often,  i t  i s  d e s i r a b l e  t o  do some land grading of t h e  e n t i r e  f i e l d ,  
o r  between t e r r a c e s  a f t e r  they  have been b u i l t .  This i s  necessary i f  old 
conventional  t e r r a c e s  s t i l l  remain i n  t h e  f i e l d .  Also, t h e r e  may be de- 
pressed a r e a s  t h a t  w i l l  cont inue t o  slow t h e  movement of water i n t o  t e r -  
r a c e  channels un le s s  graded out.  Land grading should be considered a s  
one means of topography improvement. 

MOISTURE CONSERVATION 

I n  a r e a s  of low r a i n f a l l ,  and p a r t i c u l a r l y  i n  t h e  semiarid reg ions  
where t h e  s o i l  i s  h ighly  permeable, l e v e l  t e r r a c e s  wi th  closed ends a r e  
used f o r  m o i s t u r e ~ c o n s e r v a t i o n  a s  well  a s  e ros ion  con t ro l .  Surface runoff  
i s  s tored  back of t h e  t e r r a c e  r i d g e  and i s  slowly absorbed by t h e  s o i l .  

3.  TYPES OF SYSTEMS 

There a r e  two major types of t e r r a c e  systems based on t h e  d i sposa l  of 
runoff .  One i s  t h e  g rad ien t  t e r r a c e  system and t h e  o the r  t h e  l e v e l  t e r -  
r a c e  system. The system t o  be used w i l l  be determined by 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  t o  be t e r r aced  and t h e  r a i n f a l l .  
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GRADIENT TERR4CE SYSTEM - 
Gradient  t e r r a c e s  c a r r y  t h e  c o l l e c t e d  runoff  i n  a graded channel t o  an  

o u t l e t .  Ou t l e t s  a r e  of two types ,  su r face  o r  subsurface.  Surface o u t l e t s  
a,re waterways e i t h e r  n a t u r a l  o r  cons t ruc ted .  Subsurface o u t l e t s  a r e  under- 
ground condu i t s ,  such as t i l e  o r  pipe. 

Gradient  Terraces With Waterway Out l e t s  

The g rad ien t  t e r r a c e  which uses a g r a s s  waterway f o r  an  o u t l e t  i s  t h e  
most common type.  Erosion i s  con t ro l l ed  because the s lope  l eng th  of t h e  
f i e l d  i s  reduced t o  t h a t  of t h e  ' t e r r a c e  spacing. When runoff  occurs ,  t h e  
flow t r a v e l s  overland t o  t h e  t e r r a c e  and thence along the  t e r r a c e  a t  a 
s a f e  v e l o c i t y  t o  t h e  waterway o u t l e t .  See Figure 8-3, 

Figure 8-3 Gradient t e r r a c e s  wi th  waterway o u t l e t  

Channel grades may be e i t h e r  uniform or  va r i ab le .  Grades should be 
s u f f i c i e n t  t o  provide good dra inage  and develop adequate flow without 
scouring t h e  channel and washing out  crops. 

This type of t e r r a c e  system r e q u i r e s  an o u t l e t  of s u i t a b l e  capac i ty  
that can be maintained i n  good vege ta t ive  cover.  Gu l l i e s  developing i n  an 
outlet could extend up t h e  t e r r a c e  channels ,  causing f a i l u r e  of t h e  e n t i r e  

B 
system. The l o c a t i o n  of t h e  o u t l e t  w i l l  depend p r imar i ly  upon topographi- 
c&! f e a t u r e s ,  types of o u t l e t s  t o  be used, and t h e  e f f e c t  of t h e  l o c a t i o n  



on the convenience of carrying out farming operations. Refer to Chapter 7 
for additional information and design criteria for vegetated outlets. 

Grade control structures in vegetative outlets will be needed where 
flow velocities are greater than the sod can handle; at gully heads that. 
are impractical to blade out; and at junctions with another outlet where 
it is necessary to raise the end of the waterway above unfavorable condi- 
tions for sod growth because of poor soil, rocky, or wet conditions. See 
Chapter 6 for information on structure selection. 

Gradient Terraces With Underground Outlets 

With this type of terrace system the outlet is a conduit made of tile, 
pipe or other suitable material. The terrace channel is graded to the out- 
let as with all gradient terraces, However, the terrace ridgetop usually 
is built level to provide capacity to store the design storm runoff. 

Water enters the conduit through an intake placed in the terrace chan- 
nel. The outlet conduit is designed to remove the runoff gradually but 
soon enough so that crop damage will not occur. This design allows for a 
more reasonable size of conduit than would be possible if it had to handle 
peak flows. Since tile drainage is oftentimes needed in the low areas to 
collect and remove seepage, this type of outlet provides for double usage 
of the tile line. See Figure 8-4. 

Figure 8-4 Gradient terraces with tile outlets 



The two main advantages of the underground outlet are that it promotes 
parallel alignment and eliminates the need for grass waterways. The use 
of this type of outlet requires the terraces to be built across the de- 
pressions and waterways with the intake being placed at the low point on 
the terrace profile. With shallow depressions the terrace can be built 
straight across, thus giving a straighter line than if a surface outlet 
were used. Straighter lines are easier to parallel. 

With the underground outlet, steeper grades can be permitted in the 
terrace channel near the outlet. This is because the larger rains will 
cause water to be stored at the outlet, which will reduce the grade of 
the water surface and thereby reduce the velocity. The velocity of flow 
from small rains will not be a problem. By being able to steepen grades 
at the larger depressions or waterways where outlets will be established, 
straighter alignment is possible. 

The elimination of surface outlets means more land in crops in a ter- 
raced field. In locations where there are no tile lines in the waterways 
the installation cost of tile outlets will generally be higher than sur- 
face outlets in natural waterways. Where tile lines are available, inlet 
costs may not exceed the cost of shaping, fertilizing and seeding natural 
waterways. Maintenance time and costs should be less for the conduit 
type outlet, 

Another advantage of the underground outlet is that it provides a 
certain amount of land restoration or topography improvement, If natural 

D waterways are rather deep, the placing of an intake at these low points 
with a fill straight across the waterway will trap any sediment that moves. 
This will eventually level out the area and provide a more farmable land 
surf ace. 

The underground outlet is adapted to soils of low to moderate permea- 
bility in all rainfall areas. It is particularly adapted to topography 
where waterways are shallow and numerous. It is especially valuable where 
waterways are difficult to maintain. Terraces are easier to parallel on 
rough topography and the alignment can be greatly improved in terrace sys- 
tems not planned to be parallel. 

Gradient Terraces With Combination Outlets 

There are locations where both surface and unde-rground outlets should 
be used to provide the best terrace system. Where straightening the align- 
ment and developing a good sod are not a problem, the vegetative outlet 
might work better for a part of the system. In another part of the same 
system, with rougher topography and deeper draws, the tile outlet might be 
more suitable. 

Where there is a good vegetated waterway that does not require tile 
it should be used to serve as much as possible of the system. Where only 
a portion, or one end, of a terrace requires an outlet, the possibility of 
a surface outlet should be explored. Another portion of the field might 
have numerous waterways or draws that could be- eliminated with undergEound 

D '  outlets. 



Where good vege ta t ion  i s  d i f f i c u l t  t o  e s t a b l i s h  or  maintain and s u f f i -  
c i e n t  s to rage  f o r  an underground o u t l e t  i s  imprac t ica l  t o  cons t ruc t ,  a 
s tandard broad base t e r r a c e  can be cons t ruc ted  across  t h e  waterway a t  e i t h e r  
t h e  f i r s t  o r  second t e r r a c e  from t h e  top.  The t e r r a c e  s lopes  should be 
seeded t o  permanent vege ta t ion  and an underground o u t l e t  provided fo r  low 
flows and snown,elt t h a t  cause undue e ros ion  i n  a vegetated waterway. 

The t echn ic i an  should c a r e f u l l y  s tudy t h e  topography of the  f i e l d  and 
the  l o c a t i o n  of required o u t l e t s  and use t h e  type of o u t l e t  bes t  a d a p t ~ d  
f o r  each loca t ion .  

LEVEL TERRACE SYSTEM 

A l e v e l  t e r r a c e  i s  cons t ruc ted  wi th  no channel grade. The channel and 
r idgetop  a re  b u i l t  l e v e l  s o  t h a t  runoff  i s  s tored  along t h e  t e r r a c e .  The 
ends of t h e  t e r r a c e  usua l ly  are c losed;  t h e r e f o r e ,  t h e  s o i l  absorbs t h e  
water and serves  a s  t h e  t e r r a c e  o u t l e t .  See Figure 8-5. S o m e t i m e s  t h e  ends 
of the t e r r a c e  are l e f t  open or p a r t i a l l y  open. In theseceases adequate 
o u t l e t s  must be ava i l ab le .  The o u t l e t  may be a grass  waterway, vegetated 
a r e a ,  or t i l e  o u t l e t .  

Figure 8-5 Level t e r r a c e s  



The l e v e l  t e r r a c e  wi th  complete or  p a r t i a l  end c l o s u r e s  can be used 
only on h ighly  permeable s o i l s  capable of absorbing t h e  runoff  r a p i d l y  
enough t o  prevent damage t o  t e r r a c e s  and crops. On l e s s  permeable s o i l s  
no end c losu res  a r e  used. This  type of t e r r a c e  i s  adapted t o  a r e a s  of low 
t o  moderate r a i n f a l l ,  gene ra l ly  not  t o  exceed a 25- t o  30-inch annual r a i n -  
f a l l  depending upon s o i l  depth and t ex tu re .  

The l e v e l  t e r r a c e  i s  used both f o r  e ros ion  con t ro l  and water conserva- 
t i o n .  It i s  gene ra l ly  used i n  a r e a s  of s u i t a b l e  s o i l s  where o u t l e t s  a r e  a  
problem and runoff  from the  a r e a  must be kept  t o  a  minimum or e n t i r e l y  
el iminated.  It i s  p a r t i c u l a r l y  adapted t o  a r e a s  of low r a i n f a l l  f o r  con- 
serv ing  moisture.  

The s o i l s  on which l e v e l  t e r r a c e s  a r e  needed f o r  e ros ion  c o n t r o l  usual-  
l y  a r e  h igh ly  product ive but  q u i t e  e rod ib le .  The 1 a n d . i ~  o f t e n  carved wi th  
shallow g u l l i e s ,  Level t e r r a c i n g  w i l l  c o n t r o l  and smooth out t h e  land i n  
these  s i t u a t i o n s ,  i n  a d d i t i o n  t o  conserving moisture.  

Storage requirements of l e v e l  t e r r a c e s  n e c e s s i t a t e  a f a i r l y  l a r g e  c r o s s  
sec t ion .  The t e r r a c e s  must be l a r g e  enough t o  con ta in  t h e  des ign  storm run- 
o f f  without overtopping t h e  t e r r a c e  r idge .  Overtopping may s t a r t  a  cha in  
r e a c t i o n  from t e r r a c e  t o  t e r r a c e  wi th  inc reas ing  damage. The runoff  volume 
of a  10-year frequency s t o r m  i s  used t o  determine the  requi red  s t o r a g e  
capaci ty  f o r  closed l e v e l  t e r r a c e s .  

For Moisture conserva t ion  

D Level t e r r a c e s  a r e  used f o r  mois ture  conserva t ion  and e ros ion  c o n t r o l  
i n  a reas  of l o w  r a i n f a l l .  The t e r r a c e s  c o l l e c t  and s t o r e  su r face  runoff  s o  
t h a t  i t  can be absorbed i n t o  t h e  s o i l .  A l l  su r f ace  runoff  i s  thereby con- 
ve r t ed  t o  s o i l  moisture.  

I n  some a reas  a  s p e c i a l  type of l e v e l  t e r r a c e  c a l l e d  f l a t - channe l  t e r -  
r a c e  o r  conserva t ion  bench i s  used f o r  mois ture  con t ro l .  This  t e r r a c e  i s  
cons t ruc ted  with a r i d g e  and a wide, f l a t  channel as shown i n  Figure 8-6. 
The t e r r a c e  r idge  c o n t r o l s  t he  impounding and spreading of runoff  water.  
The l e v e l  bench or  channel serves  a s  a catchment a r e a  f o r  su r face  runoff  
from t h e  t e r r a c e  i n t e r v a l .  

D Figure 8-6 Cross s e c t i o n  of f l a t  channel moisture conserva t ion  t e r r a c e s  



The terrace ends are closed or partially closed to retain the water on 
the flat channel. The flat channel section is designed to fit the equip- 
ment used. The channel width depends also on the slope of the land and 
should be designed so that channel cut will balance with ridge fill. Width 
also depends upon land use and anticipated runoff. Usually this type of 
terrace is adapted to slopes up to 4 percent with channel widths varying 
from 30 to 70 feet. Terrace spacing may be the same as for regular ter- 
races plus the width of the flat channel section. The channel provides an 
area of uniform width and level land for farming row crops. The contrib- 
uting area is generally used for small grain. 

Basin Terraces 

The basin terrace is a form of level terrace with closed ends con- 
structed on noncropped deep, permeable %oils and designed to impound a given 
amount of runoff from its drainage area above. Usually it is constructed 
at the base of steep noncultivated land that is not terraceable. The ter- 
race will retain the runoff from the noncropland area, thereby checking 
erosion on the lower slopes, preventing gully development, reducing flood- 
ing and increasing infiltration opportunity. 

The basin terrace should have a storage capacity, without overtopping, 
adequate to handle the expected runoff volume of a 10-year frequency 
storm. A nonfarmable cross section is generally used with terrace 
side slopes steeper and narrower than cropland terraces. The channel can 
be parabolic, V-shaped or trapezoidal. 

4. SOIL CONSIDERATIONS 

In planning any system the soil is the first consideration. The soil 
characteristics will generally determine the type of terrace and outlet 
that can be used, the amount of cutting that can be tolerated, and the 
spacing. 

TERRACE OUTLET 

Where the soil is deep and highly permeable (like deep loess) level' 
terraces can be built. In such cases, the soil along the terrace channel 
will absorb the impounded runoff and serve as the terrace outlet. 

If the soil is not deep and permeable, the terrace should be graded 
to an outlet. Therefore, the soil dictates the type of outlet required 
and hence the type of terrace system. 

DEPTH OF CUTS 

Adequate investigation should be made to determine the depth of top- 
soil. Larger cuts can be made on deep soils to improve alignment without 
exposing unfavorable subsoil. Economics may be the determining factor, 
however, cuts must be kept to a minimum, which limits the flexibility of 
the layout. 



The exposing of small amounts of unfavorable subsoil  i s  permissible 
i n  order t o  obtain s a t i s f ac to ry  alignment of a pa r a l l e l  t e r race  system. 
When evaluating the  s o i l s ,  the improvement of the  en t i r e  f i e l d  should be 
weighed against  exposing small i n f e r t i l e  areas. 

Consideration should be given t o  the  time and cost  of res to r ing  ex- 
posed subsoil  t o  good productivity. Some subsoi ls  respond more quickly t o  
treatment than others. One other approach on shallow s o i l s  i s  t o  stock- 
p i l e  topso i l  before construction,  remove t he  borrow, and replace the  top- 
so i l .  This i s  a more cos t ly  method but it permits be t t e r  alignment with- 
out ser iously  depressing yields.  

5. TERRACE CROSS SECTION 

The te r race  cross sect ion,  consist ing of channel and ridge must be 
proportioned t o  f i t  the  land slope, the  crops grown and farm machinery 
used. It i s  made up of th ree  s ide  slopes known a s  the  cut  slope, f ront  
slope and. back slope a s  shown i n  Figure 8-7. The steeper l i m i t s  for  s ide  
slopes a re  generally accepted as  5:l  for  row crops and 4:l for  d r i l l  crops. 

- - -- - 

) Grro~~e  Cross Seck-bn Show~hq /& Three $/opes 
Figure 8-7 Terrace cross sect ion showing the  th ree  slopes 

The t e r r ace  channel may be e i t he r  trapezoidal  or V-shaped. There a r e  
two basic r idge sections fo r  t e r races ,  based on whether or not the  e n t i r e  
sect ion i s  farmed. It i s  necessary t o  s e l ec t  t he  type of cross sect ion 
before any layout can be made as  the  cross  sect ion a f f ec t s  t e r race  spacing. 
See sect ion on te r race  spacing. 

BROAD BASE RIDGE SECTION 

The btoad base t e r r ace  i s  constructed so t h a t  modern farm machinery 
can operate over the  cut  slope,  f ront  slope, and back slope without d i f -  
f i cu l ty .  The f ront  slope i s  made a width which f i t s  the  c m o n  machinery 
i n  the area. The cu t  slope and the  back slope a r e  made a t  l e a s t  a s  wide 
a s  the  f ront  slope. Borrow is  usually taken from the  uphi l l  side. (See 
Figure 8-8.) 

Where Adapted 

The broad base r idge sect ion i s  generally adapted t o  the  land slopes 
l e s s  than 8 percent. On steeper slopes it w i l l  be d i f f i c u l t  t o  make the  
back slope farmable. It i s  be t t e r  adapted t o  smooth topography ra ther  
than rough. 



Figure 8-8 Broad base  r i d g e  sec t ion  

Advantages 

The e n t i r e  t e r r a c e  can be farmed with  no land l o s t  t o  crops. There 
i s  no problem of weeds, t r e e s ,  and burrowing animals, 

Limi ta t ions  

This  r i d g e  s e c t i o n  r e q u i r e s  a l a r g e  amount of e a r t h f i l l  because a l l  
back s lopes  a r e  r e l a t i v e l y  long. This i s  e s p e c i a l l y  t r u e  where l a r g e  f i l l s  
are necessary. On s t e e p  land i t  i s  d i f f i c u l t  t o  keep the  back s lope  from 
g e t t i n g  t o o  s t eep ,  thereby present ing  a s a f e t y  hazard.  It should not  be 
used on land with s lopes  over 10 percent.  This  type of s e c t i o n  tends t o  
inc rease  t h e  land s lope  apprec iably  between t e r r a c e s  on t h e  s t eepe r  land. 

GRASS BACK SLOPE RLDGE SECTION 

The g r a s s  back s lope  r i d g e  s e c t i o n  i s  constructed with a s t eep  back 
s lope ,  gene ra l ly  2 : l .  Since t h e  back s lope  i s  t o o  s t eep  f o r  row crops ,  it 
must be maintained i n  sod. The front s lope  i s  made t o  f i t  t h e  farm equip- 
ment. The c u t  s lope ,  where borrow i s  taken on t h e  u p h i l l  s i d e ,  gene ra l ly  
i s  made a t  l e a s t  as wide a s  t h e  f r o n t  s lope  s o  t h a t  i t ,  too ,  i s  farmable. 
See Figure 8-9. 



Figure 8-9 Grass back slope r idge sect ion 

Where Adapted 

The grass  back slope ridge sect ion i s  be t te r  adapted t o  slopes of 6 
per cent or greater .  

Advantages 

The grass  back slope ridge section,  pa r t i cu la r ly  when borrow i s  taken 
from the  downhill s ide ,  makes the  land more farmable. Also, the slope of 
t h e  land between te r races  i s  reduced. Less ea r th  i s  required in the  
heavier f i l l s .  The sa fe ty  hazard associated with farming steep back slopes 
i s  removed. N o t e  good grass back slope in Figure 8-10, 

Limitations 

The back slope must be maintained i n  sod. Trees, weeds, and burrow- 
ing animals m u s t  be controlled.  A small port ion of the land i s  removed 
from cropland and each te r race  in te rva l  i s  a separate f i e ld .  

Borrow 

Borrow can be taken all from the  uphi l l  s ide ,  a l l  from t h e  downhill 
s ide ,  o r  from both sides. When borrow i s  taken  only from the upper  si.de, 
l e s s  e a r t h f i l l  i s  required i n  the t e r race  r idge because par t  of the  



c a p a c i t y  af t h e  rraee i s  i n  t h e  cxrava t ion ,  
from t h e  upper s eepcn: Innd  will cause 

capacity, ( F ~ ~ : u x c  8- i b )  



However, t e r races  b u i l t  with downhill borrow alone w i l l  decrease the  

D average slope of the farmed area between te r races  about 2 t o  4 percent on 
the  steeper land. This makes the  land more farmable. See Figure 8-12. 

Figure 8-12 Average slope decreased 

Borrow can be made from both s ides ,  pa r t i cu la r ly  on slopes steeper 
than 1 2  percent. This reduces t e r race  height and yardage as compared t o  
t e r races  b u i l t  en t i r e ly  from the  lower side. The back slope i s  s t i l l  l e f t  
s teep and i s  seeded. 

When cu t s  and f i l l s  a re  made along the  t e r race  l i n e ,  borrow should be 
taken from the  r idges and moved t o  the  depressions. This w i l l  reduce the  
slope i n  the  channel and the  slope of those rows close t o  the ter race .  
It a l so  tends t o  level  out the  land and make the  width of the back slope 
more uniform which makes the  system more farmable. 

A l l  Borrow £ran Upper Side 
The e f f e c t  of borrow from the  upper s ide ,  and the e f f ec t  of land 

slope on the  cross sect ion of the t e r race  should be considered. I n  the  
usual case,  the  cu t  slope and back slope a re  made equal i n  length and ex- 
cavation approximately equals the e a r t h f i l l .  This assumes no shrink or 
swell of the  borrow, which i s  generally t rue .  The r e s u l t  i s  two t r i ang les ,  
with the  area  of the  borrow t r i ang l e  equal t o  the  area of the e a r t h f i l l  
t r iangle .  Therefore, the  depth of cu t  equals the  depth of f i l l .  

Figure 8-13 shows an assumed 
case of a t e r race  b u i l t  on a 
level  area. I f  the  t e r race  i s  
t o  be 1.0 foot i n  t o t a l  height,  
i t  w i l l  be necessary t o  exca- 7 k r a ~ e  cross $ & ~ f i ~ n  
vate  0.5 foo t ,  f i l l  a l i k e  
amount, and the  resu l t ing  height 

on u Lev& Areu 
(from bottom of excavation t o  Figure 8-13 Terrace cross sect ion 
top of f i l l )  w i l l  be 1.0 foot. on a l eve l  area 

A more r e a l i s t i c  case i s  a t e r race  on a 4 percent slope. Again de- 
termine the  depth af cut necessary for t he  1.0-foot t e r race ,  F i r s t  deter-  
mine the  depth necessary t o  l eve l  the  land. I f  the  t e r race  f ront  slope 
i s  15 f e e t  i n  length the  land slopes 15 (.04) = 0.6 foot  i n  t h i s  length. 
Thus, it w i l l  be necessary t o  cu t  0.3 foot  and f i l l  0.3 foot t o  level  the  
area. Now t o  make the  t e r race  one foot high, i t  w i l l  be necessary t o  cut  
an addi t ional  0.5 foot. Thus, the  t o t a l  cut  w i l l  be 0.3 foot plus 0.5 
foot  or 0.8 foot. (Figure 8-14) 
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Figure 8-14 Depth of c u t  on 4 percent  s lope  

Now consider a s i m i l a r  t e r r a c e  on a 14 percent  s lope.  The land s lopes  
2.1 f e e t  i n  the  15 f e e t  from t h e  channel to the ridge. A cut of 1.05 feet 
w i l l  be necessary t o  first level  the area.  Add t o  t h i s  an a d d i t i o n a l  0.5 
foot a s  before ,  and i t  i s  found t h a t  a t o t a l  c u t  of 1.55 feet: i s  necessary 
for  the same 1.0-foot high t e r r ace .  (Figure 8-15 )  

Figure 8-15 Depth of c u t  on 14 percent  s l o p e  

The above i l l u s t r a t i o n s  show t h a t  with t h e  broad base cross sec t ion  
c u t s  become deeper  as t h e  land s lope  becomes s teeper .  

Considerat ion a l s o  shou ld  be given t o  t h e  e f f e c t  on land s lope  when 
t e r r a c e s  a r e  b u i l t  w i t h  borrow from t h e  upper  s i d e .  Take a s  an example a 
14 percent slope. As was shown above, a c u t  of 1 . 5 5 f e e t  and a f i l l  of 
1.55 f e e t  were necessary for a 1.0-foot t e r r a c e .  I f  t h e  t e r r a c e s  are 80 
f e e t  a p a r t ,  t he  new average s l o p e  w i l l  be increased by 4.8 percent  to 
18.8 percent .  



This  i s  based on measuring the  new slope from the t o p  of the  t e r race  r i d g e  
t o  the  bottom of the channel of the  next lower t e r race ,  a distance of 65 
feet. Thus, it can be seen that broad base t e r races  increase the  slope 
considerably on the  steeper land. (Figure 8-16)' 

Figure 8-16 S lope  increased with broad base r idge section 

A l l  Bor r~w from Lower Side 
~onskde r  the  f i l l  height a t  the  t e r race  i f  the re  i s  no excavation on 

the  uphila side.  For the 4 percent slope,  the  f i l l  height needed t o  level  
the  base As 0.6 foot. A n  addit ional  1.0 foot  i s  necessary t o  give the one 
foot f i l l  height,  making 1.6 f ee t  t o t a l  f i l l .  This  i s  twice as  high a f i l l  
a s  when borrow was made on the  uphi l l  s ide.  This same re la t ionship  i s  t rue  
for  a l l  slopes. (Figure 8-17) 

Figure 8-17 No excavation on uphi l l  s ide  

The trapezoidal  channel i s  more adapted t o  the  f l a t t e r  land slopes 
where su f f i c i en t  f i l l  for  the  r idge can be obtained from shallow depths of 
cut. Narrow channels a re  s a t i s f ac to ry  only f o r  small machinery. The f l a t  
channel t e r race  previously discussed has a wide, f l a t  t rapezoidal  channel 
designed t o  accommodate the  equipment t h a t  i s  t o  be used on them. This 
type channel i s  adapted t o  slopes up t o  around 4 percent. 



The V-shaped channel can be used on any t e r r a c e a b l e  s lope.  It i s  more 
economical t o  cons t ruc t  than  t h e  t r apezo ida l  channel on t h e  s t eepe r  s lopes.  
The broad, shallow V-channel i s  b e t t e r  adapted t o  l a r g e r  machinery l i k e  
6- and 8-row equipment. 

The channel capac i ty  should be adequate t o  handle t h e  runoff  from a 
10-year frequency, 24-hour storm. 

ALLOWANCE FOR FRF,EBOARD 

The 1.0-foot he ight  f o r  a  V-channel s e c t i o n  used i n  t h e  previous il- 
l u s t r a t i o n s  was measured from t h e  bottom of t h e  V-channel t o  t h e  peak of 
t h e  t e r r a c e  r idge .  Most s p e c i f i c a t i o n s  do no t  a l low measuring i n  t h i s  
manner f o r  t h e  e f f e c t i v e  he ight  of a t e r r a c e .  

For example, i t  may be spec i f i ed  t h a t  t h e  ne t  he ight  w i l l  be measured 
from t h e  3-foot width on both  t h e  channe land  t h e  r i d g e  as shown i n  
Figure 8-18. 

Figure 8-18 Cut measured from 3-foot width on channel and r i d g e  

I f  t h i s  i s  t h e  case ,  t hen  t h e  n e t  he ight  would be 0.8 foot .  Net 

he ight  = 1.0 - - lm5) = 1.0 (gj = 0.8 foo t  

6. TERRACE SPACING 

Terrace spacing depends mainly upon land slope.  However, i t  a l s o  de- 
pends upon t h e  s o i l  and cl imate.  The c r o s s  s e c t i o n  w i l l  have some e f f e c t  
on t h e  ho r i zon ta l  spacing. The crops  t o  be grown and t h e  machinery t h a t  
w i l l  be used should a l s o  be considered. 

Terrace spacings f o r  va r ious  s lopes ,  s o i l s ,  and management condi t ions  
are prescribed i n  t h e  Work Unit Technical Guide. 

Terrace spacing i s  determined by e i t h e r  of two methods. One i s  by 
using t h e  equat ion  VI = XS + Y. The o the r  i s  by applying t h e  Universal 
Equation f o r  p red ic t ing  s o i l  loss .  



D 
TERRACE SPACING EQUATIUN 

The equation V I  = XS + Y gives t h e  maximum ve r t i c a l  spacing. In t h i s  
equation: 

V I  = ve r t i c a l  spacing i n  fee t  
X = a var iable  with values from 0.4 t o  0.8 for  graded te r races ,  

and 0.8 for  level  terraces 
S = land slope i n  f ee t  per 100 f e e t  
Y = a var iable  with values from 1.0 t o  4.0 as influenced by s o i l  

e rod ib i l i t y ,  cropping systems, and crop management pract ices  

The 'I" value i n  the equation i s  a var iable  which i s  determined by 
the  geographical locat ion of the ter races .  It i s  largely  dependent upon 
t h e  quanti ty and i n t ens i t y  of p rec ip i ta t ion  i n  the  general area. Figure 
8-9 gives recommended values for  gradient  t e r races  i n  any spec i f ic  
location. 

Figure 8-19 Values of X i n  Equation VI = XS + Y 

The values of Y generally used a r e  as follows: 

Y = 1.0 for s o i l s  w i t h  below average intake ra tes  and cropping 
systems that provide l i t t l e  cover d.uring intense r a i n f a l l  
periods 

Y = 4.0 for s o i l s  with average or above intake r a t e s  and crop- 
ping systems t h a t  provide good cover during periods of 
in tense  r a i n f a l l  

Y = 2.5 where one of the  above fac tors  i s  favorable and the  
other unfavorable 
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Terrace spacings usually have been determined vertically using a verti- 
interval formula with the predominant slope between terraces. The ter- 
es were then spaced a vertical distance apart. Usually there was no 
empt made to determine horizontal interval. 

With parallel terraces the horizontal interval is important in order 
to fit equipment and trips through the field. The vertical interval is 
used only as a means to determine horizontal interval. The vertical in- 
terval equation VI = XS + Y can be arranged to determine the horizontal 
interval. 

For example, if the value of X is 0.7 and Y is 2, then the equation 
becomes VI = 0.7s f 2. 

The equation can be arranged to determine horizontal interval. 

For the above case of X andY, the equation for horizontal interval 

If the slope i.s 8 percent, then the VI = 0.7(8) f 2 = 7.6 feet, and 
the 

HI = 70 + 200 = 95 feet 
8 

UNIVERSAL SOIL LOSS EQUATION 

This equation can be used to determine terrace spacing in areas where 
the necessary data are available. However, the horizontal interval cannot 
exceed the slope length determined for contour cultivation by using the 
allowable soil loss, the most intensive use expected for the land and the 
expected level of management. The Universal equation is E = KRLSCP, which, 
when used 

SL = 

L = 
S = 
E = 

K = 
R = 
C = 
P = 

Example : 
K = 

Then SL = 

for terrace determination becomes 

EIKRCP, where 

Slope length factor 
Land slope factor 
Allowable soil loss in tons per acre per year 
Soil factor 
Rainfall erosion factor 
Cropping management factor 
Mechanical practice factor 

Determine terrace spacing for 2 7 percent slope for E = 5.0, 
- 3 2 ,  R = 190, C = .24 and P = .45. 



B 
The equation to calculate the horizontal interval. (HI) when SL has 

been determined is: 

CL 

where "S1" is land slope in percent - in this case (Sl = 7) 

H I  = 100 x 0.76 = 86.5 feet 

The above factors, if available, may be found in the SCS Work Unit 
Technical Guide. 

SPACING AFFECTED BY CROSS SECTION 

The effective cultivated length of slope between terraces varies with 
the type of cross section. The back slope of the broad base cross section 
can be cultivated and therefore is a part of the effective length. This 
then is not true of the grass back slope cross section because the steep 
back slope cannot be cultivated. The front slope of either section does 
not contribute to the effective length. Therefore, terrace spacing can be - 

increased by the horizontal length of the back slope when the grass back 
slope section is used. 

*, 

Broodbase l- 

Grossed &cks/ope 

Figure 8-20 Spacing.affected by cross section 



SPACING ADJUSTED FOR MACHINERY 

I f  t h e  t e r r a c e s  a r e  p a r a l l e l  but  are not  spaced t o  f i t  t h e  equipment 
used on them, they a r e  not  a s  farmable a s  they  could be. I f  t h e  common 
equipment i s  4-row wi th  40-inch row s p a c i n g a t h e n  t e r r a c e s  should be . 
planned on mul t ip l e s  of 13 f t .  4 inches. They w i l l  be more farmable ye t  
i f  planned on round t r i p s  of t h e  equipment, i n  t h i s  case ,  mu l t ip l e s  of 8 
rows, o r  26 f t .  or 8 inches. The f r o n t  s lope  should have a width t h a t  w i l l  
f i t  t h e  farm equipment. 

The following i n d i c a t e s  condi t ions  t o  be considered i n  spacing t e r -  
races .  The t rend  f o r  corn  i s  t o  30-inch rows and t o  6 -  and 8-row equipment. 
One t r i p  through the  f i e l d  t akes  e i t h e r  15 o r  20  f e e t .  Many farmers a r e  
changing t o  30-inch equipment, e s p e c i a l l y  f o r  t h e  g e n t l e  s lopes.  Four-row, 
40-inch equipment i s  being used on t h e  s t eepe r  land but i t  w i l l  undoubtedly 
be replaced by 30-inch equipment, probably 6-row. In any event ,  t h e  equip- 
ment being used and t o  be used should be considered i n  each layout .  I f  t h e  
t echn ic i an  p lans  a spacing which w i l l  accommodate seve ra l  row spac ings ,  t h e  
system w i l l  be more f l e x i b l e  and much more valuable .  I f  two d i f fe ren t  row 
crops wi th  d i f f e r e n t  row spacings a r e  planned i n  r o t a t i o n  t h e  layout  should 
accommodate both row spacings. 

A t r i p  means once through t h e  f i e l d ,  

Table 8-1 Terrace spacing f o r  30- and 40-inch equipment 

Tr ips  - 
6-row 

4 
5 -- 
6 - * 
7 
8 

10  - - 
12 
16 

T r i p s  - 
8-row 

3 1 1  - - 
4 - - 
5 - - 
6 - - 
8 
9 

12  

40-inch Width rows 

It i s  not  a n t i c i p a t e d  t h a t  8-wow 30-inch equipment w i l l  be used  on 
land which i s  10 percent  and s t e e p e r ,  nor on t e r r aced  land wi th  spac- 
ings  l e s s  than  80 f e e t .  
Leave an e x t r a  4 inches  between t r i p s  t o  inc rease  t h e  spacing from 
73,3 t o  75.0 fee t .  
Save 7 inches  between t r i p s  t o  decrease  t h e  spacing from 93.3 to 90 f e e t .  
Save 3 inches between t r i p s  t o  decrease t h e  spacing from 106.7 t o  
105.0 f e e t .  
Leave an  e x t r a  4 inches  between t r i p s  t o  inc rease  t h e  spacing from 
146,7 to 150.0 f e e t ,  
Save 6 inches between t r i p s  t o  decrease  t h e  spacing from 186.7 t o  
180.0 feet.- 

Distance 
(feet ) 

Number 
of rows 

30-inch Width rows 1 
Number 
of rows 

Tr ips  - 
4-row 



Table  8-1 shows poss ib l e  t e r r a c e  spacings which w i l l  f i t  30- and 40- 
inch  row equipment. Some adjustments  a r e  necessary  and these  have been 
made on t h e  40-inch rows because t h e r e  i s  more f l e x i b i l i t y  wi th  t h e  40-inch 
row pa t t e rn .  F i r s t  of a l l  i t  t akes  more t r i p s  (one pass  through t h e  f i e l d )  
w i th  4-row, 40-inch equipment t han  it  does wi th  6- and 8-row, 30-inch 
equipment. The only p l ace  t o  a d j u s t  i s  i n  t h e  spacing between t r i p s ,  thus  
t h e  more t r i p s  between t e r r a c e s  t h e  more opportuni ty t o  a d j u s t .  Secondly, 
40-inch rows can be  narrowed 6 t o  8 inches without  d i f f i c u l t y .  This  i s  
no t  f e a s i b l e  wi th  30-inch rows, cons ider ing  t h e  equipment and t h e  width of 
t r a c t o r  t i r e s .  It should be noted i n  t h e  t a b l e  t h a t  t h e  120-foot spacing 
f i t s  a l l  t h e  equipment shown. 

7. ALIGNMENT 

Alignment i s  probably t h e  most important f a c t o r  i n  t e r r a c e  f a rmab i l i t y  
and acceptance. Ter races  should be p a r a l l e l  wherever poss ib l e  f o r  row 
crops. When t h i s  i s  no t  poss ib l e  due t o  topography or o ther  reasons they  
should be l a i d  out wi th  t h e  b e s t  poss ib l e  alignment. When a l l  t h e  t e r r a c e s  
i n  a  f i e l d  w i l l  no t  l a y  out  p a r a l l e l ,  d i v i d e  t h e  system up i n t o  groups of 
p a r a l l e l  t e r r a c e s .  General ly ,  t e r r a c e s  which a r e  s t r a i g h t  or nea r ly  
s t r a i g h t  with g e n t l e  curves a re  e a s i e s t  t o  p a r a l l e l  and t o  farm. Likewise 
t e r r a c e s  which have many curves ,  sharp curves ,  and r e v e r s e  curves a r e  d i f -  
f i c u l t  t o  p a r a l l e l  and more d i f f i c u l t  t o  farm. 

On s h o r t  s lopes  or  f a i r l y  r egu la r  s lopes  a l l  t e r r a c e s  can be made 
p a r a l l e l  i f  s o i l  condi t ions  permit.  On long s lopes  or  i r r e g u l a r  s lopes  i t  

D may not  be p o s s i b l e  t o  do t h i s .  Correc t ion  a r e a s  may be necessary ,  but 
t h e s e  a r e a s  can be concentrated between groups of p a r a l l e l  t e r r a c e s .  They 
can be planned a s  t o  width so t h a t  they  a l s o  w i l l  f i t  t h e  farm equipment. 

CORRECTION AREAS 

Correc t ion  a r e a s  warrant  d e t a i l e d  s tudy t o  provide t h e  bes t  farmable 
t e r r a c e  system. There a r e  two general cons ide ra t ions  t o  be kep t  i n  mind: 

1. Confine c o r r e c t i o n s  t o  t h e  a r e a  between groups of p a r a l l e l  
t e r r aces .  

2. Use one l a r g e  a r e a  in s t ead  of s eve ra l  smaller  ones. 

I f  a c o r r e c t i o n  a r e a  i s  small and narrow, d o  not  c o r r e c t  a t  t h i s  point .  
Rather,  a d j u s t  one of t h e  s e t s  of p a r a l l e l  t e r r a c e s  t o  e l imina te  the  small 
c o r r e c t i o n  a rea .  This  w i l l  have one of two e f f e c t s .  It may  e l imina te  t h e  
c o r r e c t i o n  area e n t i r e l y  a s  t h e  group i s  ad jus ted  down the  s lope  o r  it 
w i l l  r e s u l t  i n  a wider and more usable  c o r r e c t i o n  area.  

General ly  farmers  tend t o  plow and p l an t  t h e  whole f i e l d  inc luding  
t h e  cor rec t i -on  a reas .  When t h e  c o r r e c t i o n  a r e a s  are  farmed i t  i s  necessary 
t o  t u r n  on the  c rop  and  t hus  cause sane damage. Correct ion a reas  can be 
l e f t  i n  g r a s s ,  or po r t ions  of t h e  a r e a  l e f t  i n  a g r a s s  t u r n  s t r i p  t o  
e l imina te  t u rn ing  on t h e  crop. If a  small ,  narrow c o r r e c t i o n  a rea  i s  

D necessary  i t  should be l e f t  i n  grass .  



Long, narrow cor rec t ion  areas ,  a s  well a s  shor t ,  narrow a reas ,  a r e  
very d i f f i c u l t  t o  farm, e spec ia l ly  during c u l t i v a t i o n  and harvest .  There- 
fo re  the  more small a reas  t h a t  can be concentrated i n t o  l a rge  areas  the  
b e t t e r  the  system w i l l  be f o r  farming. 

On f i e l d s  which have major changes i n  s lope from one end t o  t h e  o ther ,  
t h e  hor izonta l  spacing between two t e r r a c e s  may have t o  be adjusted i n  
order t o  s t a y  with the  approximate contour. For example, the  spacing may 
change from 24 rows a t  one end t o  32 rows a t  t h e  other .  Here t h e  change 
f i t s  4-row equipment a s  i t  accounts fo r  one round t r i p  of e x t r a  rows. An 
example of t h i s  i s  shown i n  Figures 8-79 and 8-80. 

POINT ROWS 

Keeping point  rows out of the  t e r r a c e  system i s  one of the  main aims 
i n  layout.  It i s  not always possible t o  el iminate point  rows. But i f  t h e  
number can be reduced t o  the  fewest poss ib le  the  t e r r a c e  system w i l l  be 
more farmable. 

Several methods of planning t o  el iminate point rows or  t o  confine them 
i n t o  l a rge  co r rec t ion  a reas ,  have already been discussed. However, one 
important f ac to r  regarding point  rows should be kept i n  mind. Point  rows 
introduced i n t o  a system a t  one point  usual ly  w i l l  cause complementary 
point  rows a t  two other  locat ions .  Generally, t e r r a c e  l i n e s  a r e  f a i r l y  
smooth and s t r a i g h t  a t  the  top of a  h i l l .  Likewise, they a r e  f a i r l y  
s t r a i g h t  along the  base of a h i l l .  Usually, the  l i n e  a t  the  top of a h i l l  
w i l l  be f a i r l y  p a r a l l e l  t o  the  l i n e  a t  the  base of the  h i l l .  The simpli- 
f i ed  i l l u s t r a t i o n  i n  Figure 8-21 shows a 3- ter race  layout and what happens 
i f  a l i n e  between the  top and the  bottom has a sharp curve i n  it. 

Figure 8-21 Effec t  of curve between two s t r a i g h t  t e r r a c e s  

Figure 8-21 shows the  point rows which would occur i f  the p lant ing  i s  
made i n  an u p h i l l  d i rec t ion .  Also, i f  the  planting i s  made down from the 
top ,  the re  w i l l  s t i l l  be l i k e  s e t s  of shor t  rows. Again, t h i s  shows that 
point  rows introduced i n t o  a system a t  one place usual ly  cause point  rows 
a t  two other  locat ions.  



I n  t h e  above i l l u s t r a t i o n  about t h e  only s o l u t i o n  would be t o  f i l l  

D ac ros s  t h e  depress ion  t o  s t r a i g h t e n  out  t h e  middle l i n e s .  This  might be 
a good l o c a t i o n  f o r  a t i l e  o u t l e t .  

GENERAL GUIDES FOR PARALLELING 

There a r e  s eve ra l  methods o r  gu ides  a v a i l a b l e  f o r  p a r a l l e l i n g  ter-  
r aces .  Often a combination of t h e s e  methods i s  necessary t o  make a group 
of t e r r a c e s  p a r a l l e l .  

Cut and F i l l  Along t h e  Terrace Line 

This  i s  one of t h e  b e s t  methods of improving alignment. It simply 
means c u t t i n g  a t  t h e  high p o i n t s  and f i l l i n g  a t  t h e  low po in t s  i n  order  t o  
keep t h e  alignment s t r a i g h t  or  smooth. It works wel l  on t h e  f l a t t e r  topog- 
raphy, as small  c u t s  and f i l l s  w i l l  a l low t h e  l i n e s  t o  be made p a r a l l e l .  
It works wi th  a l l  types  and c r o s s  s e c t i o n s  of t e r r a c e s .  The t e r r a c e  can be 
made t o  go s t r a i g h t  ac ros s  t h e  smaller  depress ions  and draws. See Figure 
8-22. A method of c u t - a n d - f i l l  des ign  i s  discussed under the s e c t i o n  on 
design. 

Figure 8-22 Making t e r r a c e s  p a r a l l e l  by c u t t i n g  and f i l l i n g  
(dashed l i n e s  show where s tandard t e r r a c e s  

would have been) 



Cutting and filling have other advantages. The terrace grade can be 
increased by cutting at the lower end and filling at the upper. Grade can 
be decreased by filling at the lower end and cutting at the upper. See 

made uniform by cutting and filling. 
sometimes be eliminated by using the 

Figure 8-23. The grade also can be 
Waterways and grass turn strips can 
cutting and filling procedure. 

Figure 8-23 Increasing and decreasing grade by cutting 

There are limitations to consider in cutting and filling. Terraces 
cost more when earth has to be moved along the terrace line. Deep cuts 
may expose subsoil with unfavorable characteristics. However, stockpiling 
topsoil and respreading it after construction will offset this disadvantage. 

vary in^ the Grade Alon& the Terrace 

For gradient terraces this is a very useful method which does not in- 
crease the cost of the job. It is particularly adapted to uniform cross- 
section terraces on the flatter uniform slopes. Grade can be steepened at 
the upper end where the drainage area is small. Grade can be flattened 
anywhere along the line. 

By using the flattest grade allowable on some terraces and the steep- 
est grade allowable on others, terraces can be shifted in their positions 
so they will be parallel. If necessary, the top terraces can sometimes be 
made to discharge at one end of the field and the lower terraces at the 
other end. However, terrace grade should not be increased to the point 
that erosion will occur in the channel. Likewise, the grade should not be 
flattened to the point that poor drainage or excessive deposition of sedi- 
ment will result. 

Divide Terrace into Short Sepments 

This is an important and economical method for paralleling terraces or 
improving alignment. Briefly, it means leaving more openings, at waterways 
and on ridges, Refer to Figure 8-24. 

Where terraces are divided into shorter segments, there are several 
advantages. Since the sections are short, the grade can be varied to allow 
more flexibility in layout. Less cut and fill will be needed. Thus, more 
terraces can be made parallel. Equipment can be turned on grass at ridges 
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and f i e l d  boundaries i n s t ead  of t u rn ing  i n  cropland. And,  t he  grassed 
a r e a s  o ther  than  waterways provide t r a v e l  roads f o r  equipment. 

I 

Figure 8-24 Divide i n t o  s h o r t  segments using a l l  t h e  
waterways (Dashed l i n e s  show where 
s tandard t e r r a c e s  would have been) 

Waterways 

Use a l l  t he  waterways and draws a s  o u t l e t s  f o r  g rad ien t  t e r r a c e s  i f  
necessary  t o  ob ta in  p a r a l l e l  l i n e s ,  o u t l e t t i n g  t e r r a c e s  i n t o  e i t h e r  a  wa- 
terway or  an underground o u t l e t .  Where su r f ace  o u t l e t s  a r e  used, bu i ld  
a d d i t i o n a l  waterways or deepen e x i s t i n g  ones i f  necessary.  As a genera l  
r u l e  do no t  c a r r y  water pas t  waterways of any s i z e .  If l a r g e  waterways 
a r e  crossed sharp curves may r e s u l t  and make p a r a l l e l i n g  d i f f i c u l t .  See 
Figure 8-25. 

Ridges 

As a  genera l  r u l e  do no t  c a r r y  water around r idges .  I f  t h e  r i d g e  i s  
narrow (sharp)  t h e  t e r r a c e s  u sua l ly  should be left open a t  t h e  r i d g e  and a 
g r a s s  t u r n  s t r i p  used. This  removes t h e  need f o r  sharp curves on t h e  r i d g e  
which a r e  d i f f i c u l t  t o  p a r a l l e l  o r  farm. It a l s o  makes f o r  a  s h o r t e r ,  
s t r a i g h t e r  t e r r a c e  and one which i s  e a s i e r  t o  p a r a l l e l .  The g r a s s  s t r i p  
should be wide enough so  t h a t  t h e  t e r r a c e  can come s t r a i g h t  i n t o  t h e  s t r i p  
and a l l  t u rn ing  of equipment can be done on t h e  g r a s s  s t r i p .  See Figure 
8-26. Grass s t r i p s  on t h e  r idges  provide an i d e a l  l o c a t i o n  f o r  farm roads. 



Figure 8-25 Right and wrong layout at  waterways 
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Figure 8-26 Layout a t  ridges and edge of fields 



Layout a t  Edge of Fie lds  

Terraces should approach the  edge of a  f i e l d  a t  near ly  r i g h t  angles t o  
f a c i l i t a t e  turning farm equipment and help i n  c u l t i v a t i n g ,  I n  some cases ,  
a  small adjustment can make t h e  t e r r a c e s  p a r a l l e l  the  property l i n e  and 
e l iminate  odd areas  and shor t  rows. See Figure.8-26. 

It i s  o f t en  des i rab le  t o  leave a t u r n  s t r i p  between the  end of the  t e r -  
r ace  and the f i e l d  boundary. Turning usual ly  destroys t h e  crop growing near 
t h e  f i e l d  boundary. The g rass  s t r i p  can a l s o  serve a s  a f i e l d  road. 

GRADIENT TERRACES WITH WATERWAY OUTLETS 

P a r a l l e l i n g  t h i s  type of t e r r a c e  system genera l ly  i s  more d i f f i c u l t  
than  pa ra l l e l ing  graded t e r r a c e s  with underground o u t l e t s  or l e v e l  t e r r a c e s ,  
except on smooth gen t l e  slopes. On rough slopes,  t h e  use of a l l  methods 
ava i l ab le  may be necessary t o  obta in  groups of p a r a l l e l  te r races .  

Dividing t h e  t e r r a c e s  i n t o  shor t  segments i s  probably the  bes t  tech- 
nique f o r . p a r a l 1 e l i n g  gradient  t e r r a c e s  with waterway o u t l e t s .  By using 
most or  a l l  of the  ava i l ab le  draws fo r  o u t l e t s  and varying the  grade along 
t h e  t e r r a c e s  it usual ly  i s  poss ib le  t o  make them p a r a l l e l .  

I f  these  two methods do not  give t h e  desired r e s u l t s ,  cutting and f i l l -  
ing  along the  l i n e  w i l l  allow more adjustment. This w i l l  make the  l i n e s  
s t r a i g h t e r  and the  curves l e s s  sharp, which makes p a r a l l e l i n g  eas ie r .  How- 
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ever ,  the  most important use of the  cu t -and- f i l l  method i s  on the  rougher 
land. It a l s o  can be used t o  e l iminate  some of the  minor o u t l e t s  by f i l l -  
ing s t r a i g h t  across some of the  na tu ra l  waterways. 

The following guidel ines  should be kept  i n  mind. Do not: c a r r y  water 
around s h o r t  r idges.  Eliminate sharp curves a t  such loca t ions  by using 
grass  turning s t r i p s  t h a t  can serve a s  field roads. When curves a r e  neces- 
sa ry ,  make them long and gradual.  I f  a t  a l l  poss ib le ,  el iminate reverse  
curves. Follow the  methods discussed above fo r  making the  layout a t  the  
edge of f i e l d s .  

GRADIENT TERRACES WITH UNDERGROUND OUTLETS 

This type of t e r r a c e  system promotes p a r a l l e l  alignment because t e r -  
races  can be b u i l t  s t r a i g h t  across the  shallow waterways and draws. 

The cut -and-f i l l  method i s  e spec ia l ly  adapted t o  t e r r a c e s  with under- 
ground o u t l e t s  as f i l l s  a r e  necessary when depressions a r e  crossed. Cuts 
genera l ly  a r e  needed on t h e  broad r idges ,  so t h i s  provides a  na tu ra l  place 
f o r  borrow, By crowding the  t e r r a c e  up on t h e  r idges  and down i n  t h e  
waterways, l i n e s  a r e  s traightened and made easier  t o  farm. Varying the  
grade a l s o  w i l l  help s t r a i g h t e n  t h e  l i n e s  and reduce the cu t  and f i l l .  

Leave sharp r idges  open. I f  deep waterways or depressions a r e  encoun- 
t e red ,  it may be b e t t e r  t o  develop a g rass  waterway t o  prevent a r a d i c a l  
change i n  alignment. The layout  a t  the  edge of the  f i e l d  i s  a l s o  important. 



Out le t s  should be developed a s  necessary t o  improve alignment. I f  
t i l e  l i n e s  have been i n s t a l l e d  i n  depressions f o r  dra inage ,  t he  i n l e t  would 
add l i t t l e  e x t r a  cos t .  However, t h e  t i l e  l i n e  should be checked f o r  exces- 
s i v e  v e l o c i t i e s  t h a t  may occur when su r face  water i s  added t o  t h e  l i n e .  
I n s t a l l a t i o n  of a new t i l e  l i n e  f o r  an o u t l e t  may be cheaper over t h e  
yea r s  than accept ing a poor alignment and a l e s s  farmable system. 

Sometimes it i s  poss ib l e  and advisable  t o  use t h e  t w o  types of o u t l e t s  
f o r  t h e  same t e r r a c e ,  or f o r  d i f f e r e n t  t e r r a c e s  i n  the  system, t o  ob ta in  
t h e  bes t  layout .  A l s o  t h e r e  may be s i t u a t i o n s  where t h e r e  i s  too  much f a l l  
i n  t h e  t e rkace  l i n e .  I n  these  cases  t h e  higher  sec t ions  of t h e  t e r r a c e  
should be designed a s  a graded t e r r a c e  discharging i n t o  the l e v e l  or  l i g h t -  
l y  graded s to rage  p a r t  of t h e  t e r r ace .  

LEVEL TERRACES 

The same techniques used f o r  p a r a l l e l i n g  g rad ien t  t e r r a c e s  can be used 
wi th  l e v e l  t e r r a c e s ,  except  t h e  use of mul t ip l e  o u t l e t s .  

Cut and f i l l  along t h e  t e r r a c e  l i n e  i s  almost a necess i ty  wi th  l e v e l  
t e r r a c e s  i f  a farmable alignment i s  t o  be provided. Since a l e v e l  t e r r a c e  
has a l e v e l  r idge top  and should have a reasonably l e v e l  channel,  ea r th -  
moving along t h e  l i n e  w i l l  be necessary whenever t h e  t e r r a c e  i s  moved from 
t h e  o r i g i n a l  contour l i n e .  This p r a c t i c e  g ives  f l e x i b i l i t y  t o  the  layout  
and permits  more t e r r a c e s  t o  be p a r a l l e l ,  

Leave openings a t  t h e  sharper r idges .  General ly,  waterways are crossed 
by l e v e l  t e r r a c e s .  However, a t  t h e  deeply inc ised  waterways, or  where two 
major s lopes  i n t e r s e c t ,  i t  may be b e t t e r  t o  leave  an opening, This i s  be- 
cause t e r r a c e s  change d i r e c t i o n s  r a t h e r  r a d i c a l l y  a t  t hese  i n t e r s e c t i o n s .  
These openings promote p a r a l l e l  alignment and, when grassed ,  can be used i n  
t h e  f i e l d  road system. 

The layout  a t  t h e  edges of f i e l d s  and near  farm boundaries a r e  impor- 
t a n t  a l so .  Oftentimes a small adjustment here  w i l l  a l low p a r a l l e l  rows 
between t h e  t e r r a c e  and t h e  fence. The end of t he  t e r r a c e  may be e i t h e r  

r a i s e d  or blocked. The r a i s e d  end 
i s  accomplished by r a i s i n g  t h e  t e r -  
r a c e  l i n e  about one f o o t  v e r t i c a l l y  
a t  t h e  end of t h e  end of t h e  ter- 
race.  This u sua l ly  makes t h e  t e r -  
r a c e  curve u p h i l l  and may make f o r  
d i f f i c u l t  p a r a l l e l i n g  because of 
added shor t  curves. The blocked 
end i s  accomplished by car ry ing  
t h e  t e r r a c e  out on t h e  contour ,  
and by bu i ld ing  an e a r t h  block a t  
r i g h t  angles  across  t h e  end of t h e  
t e r r a c e  channel. This u sua l ly  
causes fewer alignment problems. 
See Figure 8-27. 

Figure 8-27 Treatment a t  end of t e r r a c e  



There i s  one addit ional  technique that i s  adapted t o  only l eve l  ter- 

D races. It i s  a design method of dividing the  t e r race  i n t o  various levels.  
The te r race  w i l l  be continuous but the  d i f f e r en t  levels  of r idge and chan- 
nel a r e  separated by farmable ea r th  blocks. Blocks, large  enough t o  
prevent individual  rows from draining runoff i n to  the  depressed te r race  
segment, should extend the  f u l l  t e r race  in terval .  Each of the d i f fe ren t  
l eve l s  of the  t e r r ace  should be designed as an individual l eve l  t e r race ,  
using i t s  own leve l ,  even though the  t e r r ace  i s  continuous, See Figure 
8-28. 

Figure 8-28 Dividing te r race  i n t o  various levels  

This feature  promotes para l l e l  alignment; a par t  of the t e r race  
otherwise would have t o  be shif ted to keep near t he  contour. T h i s  also 
prevents the  excessive earthmoving t ha t  would be necessary t o  bring the 
e n t i r e  t e r race  t o  one grade. The l imi ta t ion  of t h i s  method i s  that the  
d i f fe ren t  l eve l s  of t h e  t e r race  must be separated by ea r th  blocks. These 
must be maintained, and they are not: easy t o  farm over with large machin- 
ery. Therefore, the more gradual the  s ide  slopes on the  blocks, the eas ier  
they  will be to farm. 

8 .  LAYOUT GEOMETRY 

Rather than proceeding r i g h t  into layout,  it i s  best t o  f i r s t  consider 
some of the  geometry of layouts. The geometry involved i s  not complex, 
deal ing mostly with curves and s t r a igh t  l i n e s ,  but it i s  often not recog- 
nized i n  a f i e ld  layout. 

CURVES 

Most t e r race  systems have curves i n  them tha t  are e i ther  simple or 
reverse curves. Simple curves a r e  those which curve i n  only one direc- 
tion. Reverse curves a r e  two adjacent curves t ha t  curve i n  opposite d i -  
rec t ions ,  The reverse curve should be avoided i f  a t  a l l  possible. 



P a r a l l e l  Curves 

Each curve has a center .  Concentric c i r c l e s  a r e  p a r a l l e l  and have a 
common center .  Concentric curves a r e  port ions of concentr ic  c i r c l e s  so  
they,  too ,  a r e  p a r a l l e l  and have a common center .  A perpendicular l i n e  
drawn from a tangent on a curve w i l l  i n t e r s e c t  the  center  and form a 
rad ius  of each c i r c l e .  Refer to Figure 8-29. 

S&/e Curve Concentric C~//.ves 
Figure 8-29 Proper t ies  0 5  curves 

As the  center  of concentr ic  c i r c l e s  i s  approached, the  curves get 
sharper. I n  other  words, if a t e r r a c e  is being planted on t he  ins ide  of 
the  curve, and p lant ing  continues going toward t h e  cen te r ,  t h e  curve i n  
the  rows becomes sharper and sharper. 

curves 8emme Sharper Cwves Become Brooder 
Figure 8-30 Planting on curves 

I d e n t i c a l  Curves 

I d e n t i c a l  curves a r e  curves of t h e  same radius .  One cou ld  be t rans-  
posed on top  of another and they would be exact ly  the  same. I f  two ad ja -  

cent  t e r r a c e  l i n e s  a r e  l a i d  out w i t h  curves of t h e  same rad ius ,  p o i n t  r o w s  
or odd a reas  will be created.  This i s  most ap t  t o  happen on s h a r p  r i d g e s ,  
a l though it  a l s o  can happen a t  waterways. The following f i g u r e s  show t h i s  
s i t u a t i o n .  
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Figure 8-31 Planting toward center of curves 

I f  planting i s  carried out toward the  center of the  curves, the rows 
f i na l l y  becme so sharp t h a t  equipment cannot make t he  turns.  See Figure 
8-31. 

I f  p l an t ed  away from the center ,  the  curves becme more and more 
gradual. However, point rows w i l l  be necessary a t  the  outside t e r race  i n  
order t o  f i l l  i n  the  remaining area. See Figure 8-32. 

Figure 8-32 Planting away from center of curves 

Therefore, where curves a r e  necessary they should not be ident ical .  
They should be l a id  para l l e l  by making them an equal distance apart .  They 
w i l l  then be portions of concentric c i r c l e s  with a common center. I f  this 
cannot be done, there  w i l l  be point rows i n  the  layout. Other techniques, 
described l a t e r ,  may be used t o  avoid using t he  curves. 

Reverse Curves 

A reverse curve occurs when a l i n e  curves f i r s t  t o  the  r i g h t  and then 
t o  the l e f t ,  or v ice  versa. Reverse curves occur qu i t e  of ten i n  t e r r ace  
layouts. They should be avoided i f  possible. I n  any event, they should 
be recognized a s  a problem and given special  a t tent ion.  See Figure 8-33. 



They are l i k e  the  curves discussed e a r l i e r ,  t he  main di f ference being 
t ha t  the re  a r e  two or more 
of them. Each of the curves 
has a center. However, with 
reverse curves, there  w i l l  
be a center  on each s ide  of 
t he  l ine .  This i s  the  
problem. A s  l i n e s  a r e  l a i d  
pa r a l l e l  on each s ide  they 
can only be pa r a l l e l  as f a r  
away as the center  of t h e  
cufves. Figure 8-33 Reverse curves 

Y Cdnfer 
Figure 8-34 Example of reverse pa r a l l e l  curves 

I n  Figure 8-34 i t  w i l l  be noted t ha t  the curves above Curve A ,  become 
more gradual, and would be eas ie r  t o  farm. I n  the  case of the  curves above 
Curve B, the  curves become sharper toward the center. Somewhere before the  
center  i s  reached there  w i l l  be d i f f i c u l t y  i n  farming because the curve of 
the  rows w i l l  be too sharp. This shows t h a t  reverse curves l i m i t  the num- 
ber of l i n e s  which can be made pa r a l l e l  on e i t h e r  s ide  of the key l ine .  
I f  reverse curves cannot be avoided they should be planned as gradual 
curves. This places the  center  a greater  distance away from the l i n e ,  and 
should allow para l l e l ing  fo r  a greater  distance. Refer t o  Figure 8-35. 
If the  curves cannot be made gradual, a correct ion area w i l l  have t o  be 
planned i n  the  system. 



ten fr /c Curves 

Figure 8-35 Reverse curve made gradual 

STRAIGHT LINES 

Segments of t e r r a c e s  w i l l  be composed of s t r a i g h t  l i n e s ,  S t ra igh t  
l i n e s  a r e  des i rab le  as they a r e  t h e  e a s i e s t  t o  p a r a l l e l  and the  e a s i e s t  t o  
farm. 

I f  a t e r r a c e  l i n e  i s  almost s t r a i g h t  when f i r s t  l a i d  out ,  t he re  w i l l  
be an advantage t o  changing it t o  a s t r a i g h t  l i n e .  This w i l l  make i t  
e a s i e r  t o  lay p a r a l l e l  l i n e s  above and below it. This appl ies  t o  segments 
of t e r r a c e  l i n e s  a l so ,  However, i t  should be pointed out that t h i s  can be 
ca r r i ed  t o o  f a r .  There i s  nothing wrong with a long gradual curve, a s  it 
can be para l le led  qu i t e  eas i ly .  See Figure 8-36 fo r  adjus t ing  the  s take  
l i n e  t o  a s t r a i g h t  l ine .  

Stoked /he 1 /' -1- -- - 4- 

Figure 8-36 Changing staked l i n e  t o  s t r a i g h t  l i n e  

CURVES AND STRAIGHT LINES 

There w i l l  be many cases i n  layout where sec t ions  of t e r r a c e  l i n e s  
w i l l  be s t r a i g h t  with curves connecting the  s t r a i g h t  l i n e s .  The point  
where the  s t r a i g h t  l i n e  meets the  curve i s  the  beginning of the  curve and 
i s  ca l led  the  point of curve or  P.C. Likewise, the  point  where t h e  curve 
meets the s t r a i g h t  l i n e  i s  the  end of t h e  curve and i s  ca l led  the  point of 
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tangency o r  P.T. These a r e  shown i n  Figure 8-37. 



Figure 8-37 Single curve 

Concentric curves a r e  par ts  of concentric c i r c l e s  and have a  c m o n  
center. I f  s t r a i gh t  pa r a l l e l  l i ne s  a r e  connected t o  concentric curves, 
each l i n e  meets a t  a P.C. or P.T. on each curve. I f  a l i n e  i s  draw through 
the  P.C.'s or P.T.'s it w i l l  be s t r a i gh t  and w i l l ,  i f  extended, go t o  the  
common center  of a l l  the  curves. A l s o ,  t h i s  l i n e  through the  P.C.'s or 
the  P.T,'s w i l l  be perpendicular t o  the pa r a l l e l  l ines .  Refer t o  Figurc 
8-38, 

Figure 8-38 Para l l e l  l i n e s  and curves 

These factors  a r e  helpful  i n  terrace layouts where curves a re  neces- 
sary between s t r a i gh t  l ines .  Lining up the  P.C.'s and P.T,'s on each ter- 
race l i n e  and s e t t i ng  stakes a t  these points  w i l l  save time i n  laying auk 

the  s t r a i gh t  pa r a l l e l  segments. T h i s  w i l l  a l so  s e t  the  length of e a c l ~  
curve and assure t h a t  the curves are concentric and para l l e l .  



Figure 8-39 Layout geometry 

Referring t o  Figure 8-39, the P.C.'s and the P.T.'s are lined up by 
laying off a l i n e  each way from the key terrace and perpendicular t o  it. 
The P.C. and P.T. stakes for terraces 1 and 3 are  se t  on the perpendicular 
l i n e  a t  the required spacing from the key terrace. The curves on terraces 
1 and 3 can then be staked paral le l  t o  the curve on the key terrace. It 
wfll  be noted tha t  the curves become longer and more gradual from terrace 
1 t o  terrace 3. The curve on terrace 1 i s  the sharpest and i t -must  be 

B checked t o  see that  it i s  not so sharp as  t o  in te r fere  with cultivating 
and harvesting equipment, 

EXTENSION OF PARALLEL LINES 

One of the most valuable techniques i n  paral le l  terrace layout i s  
that  of stopping cer tain l ines  and extending other lines. I f  t h i s  f s  not 
considered a t  layout, point r&s w i l l  generally occur where terraces abut 
grass s t r ip s ,  waterways and roads. The sketches i n  Figure 8-40 demonstrate 
t h i s  techuique. 

Figure 8-40 Extension of paral le l  l i ne s  



8-40 

The l i n e s  i n  t h e  ske tches  are p a r a l l e l .  I f  t h e  a r e a  i s  proper ly  
p l an ted ,  t h e r e  w i l l  be no po in t  rowso 
l i n e  cont inues ,  t h e  two need be paral le l  only u n t i l  t h e  ex tens ion  o f  t h e  
perpendicular  from t h e  s h o r t e r  l i n e ,  

Where one l i n e  s t o p s  and another  

This  i s  shown i n  Figure 8-41, 

Figure 8-41 Stopping p a r a l l e l  l i n e s  

If t h e  t echn ic i an  w i l l  be c a r e f u l  i n  planning the  l i n e s  and i n  t h e  
use of grassed a r e a s  (as turnrows, waterways, or  roads)  many layouts  can 
be made p a r a l l e l  which would be impossible  otherwise.  
u s e f u l  a t  ends of f i e l d s ,  and a t  openings a t  waterways and r i d g e s ,  T h i s  
i s  t h e  only way a sharp  r i d g e  can be p a r a l l e l e d .  

This i s  e s p e c i a l l y  

-42 A gentle curve 
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9 .  LAYOUT 

Before t h e  a c t u a l  layout  i s  made i t  i s  necessary t o  s e l e c t  t h e  type 
of t e r r a c e  system bes t  su i t ed  t o  t h e  f i e l d .  For grad ien t  t e r r a c e s  it i s  
necessary t o  determine t h e  type  of o u t l e t  t h a t  w i l l  be  used, The o v e r a l l  
performance of a t e r r a c e  system o f t e n  depends on t h e  s e l e c t i o n  of t h e  loca-  
t i o n  and type of o u t l e t .  Natural  o u t l e t s  such as pas tu res ,  meadows, rocky 
drainageways, timbered a r e a s ,  and wastelands may be so located t h a t  p a r t  
or  a l l  of t h e  t e r r a c e s  can be planned t o  s a f e l y  o u t l e t  on protected areas .  
The planner should c a r e f u l l y  consider  a l l  a l t e r n a t i v e s  and s e l e c t  t h e  
s a f e s t  and most economical type of o u t l e t .  Refer t o  t h e  s e c t i o n  on Types 
of Systems. Terrace spacing w i l l  depend on t h e  type of c r o s s  s e c t i o n  
se l ec t ed ,  t h e  s o i l  type,  land s lope ,  crop and machinery. The spacing 
gene ra l ly  can be se l ec t ed  from t h e  S t a t e  Terrace Spacing Standard. Spe- 
c i a l t y  crops,  such a s  orchards,  w i l l  o f t e n  a f f e c t  spacing. Approximate 
f i e l d  boundaries,  f i e l d  roads and fences should be determined p r i o r  t o  o r  
a t  t h e  time of layout .  

Ter races  i n  Orchards 

The p r i n c i p l e s  and design c r i t e r i a  f o r  t h e  planning of g rad ien t  ter- 
r a c e  systems on r o t a t e d  cropland a l s o  apply t o  orchards and vineyards.  
Tree rows a r e  planted on each t e r r a c e  r i d g e  and thus  the  t e r r a c e  spacing 
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should be a mul t ip l e  of t h e  tree-row spacing wi th in  al lowable l i m i t s .  
Where i t  becomes imprac t ica l  t o  cons t ruc t  ad jacent  t e r r a c e s  p a r a l l e l  t o  
each o the r ,  t h e  long or  continuous rows should be located p a r a l l e l  t o  t h e  
t e r r a c e s  wi th  t h e  s h o r t  or  point  rows loca ted  i n  t h e  cen te r  of t h e  t e r r a c e  
i n t e r v a l .  

I n  some a r e a s  it i s  an accepted p r a c t i c e  t o  cons t ruc t  a  t e r r a c e  for  
each t r e e  row. I n  such cases  t h e  tree-row spacing f i x e s  t h e  t e r r a c e  spac- 
i n g ,  u sua l ly  a t  a  d i s t a n c e  of 25 f e e t  or l e s s .  When t h e  t e r r a c e  spacing i s  
so reduced, a  corresponding reduct ion  may be made i n  t h e  s e t t l e d  cross-  
s e c t i o n a l  a r e a  of t h e  t e r r a c e s ,  provided they w i l l  have a capac i ty  adequate 
t o  accommodate t h e  peak runoff  t h a t  may be expected t o  r e s u l t  from a 10- 
year frequency storm without overtopping. 

I n  planning t h e  layout  of t e r r a c e  systems i n  orchards,  c a r e f u l  a t t e n -  
t i o n  should be given t o  t h e  l o c a t i o n  of such roads a s  a r e  required t o  
f a c i l i t a t e  spraying and harves t ing  opera t ions ,  

Farm Roads and Fence Location 

Farm roads  and fences should be loca ted  on n a t u r a l  r i d g e s  where t e r -  
r a c e s  c r e s t  or  on t h e  contour,  This w i l l  reduce i n t e r f e r e n c e  wi th  t e r r a c e  
and row drainage p a t t e r n s  and with t h e  cons t ruc t ion  and maintenance of t h e  
t e r r a c e s .  A road layout  along t h e  c r e s t  of a  r i d g e  w i l l  o f t en  e l imina te  
a sharp breaking curve and f a c i l i t a t e  t h e  layout  of  a t e r r a c e  system. 
Another good l o c a t i o n  f o r  a f i e l d  road i s  j u s t  below and p a r a l l e l  t o  a 

D t e r r a c e  r idge .  A road i s  o f t e n  used i n  t h e  i n t e r v a l  between two p a r a l l e l  



systems and i s  located jus t  below the  upper t e r race  so  i t  can a l s o  be used 
as a turning s t r i p .  I f  i t  i s  necessary t o  have a road on one s i de  of t h e  
f i e l d  i t  should be located so t ha t  it w i l l  c ross  on the closures a t  the  
closed end of the  ter races .  Fences or roads should never be located across 
the  ou t l e t  ends of rows or ter races .  Figure 8-43 shows pa r a l l e l  t e r r ace  
systems w i t h  adjustment s t r i p s  and an adequate farm road layout for safe  
and easy entrance t o  a l l  terraces. Note land use changes t o  implement good 
te r race  planning and layout. 

Figure 8-43 I l l u s t r a t i o n  of good farm road layout and 
land use f i t t e d  i n to  a terrace system 
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C r i t i c a l  Areas 

C r i t i c a l  areas  a r e  those with shor t ,  usually abrupt, and steep slopes 
t ha t  occur within a ter raceable  f i e ld .  They should not be terraced but 
should be planted t o  adapted perennial vegetation. Terraces should be lo-  
cated i m e d i a t e l y  above and below these  areas.  I f  the  width of a c r i t i c a l  
area ,  a s  measured normal t o  the  t e r r ace  l i ne s ,  i s  greater  than the  allowa- 
b l e  t e r race  spacing, a  diversion channel should be constructed immediately 
below t h e  area. The design and construction of diversions i s  included i n  
Chapter 9 of t h i s  manual, 

Preliminary Surveys 

The layout of a s a t i s f ac to ry  pa r a l l e l  t e r r ace  system i s  more or l e s s  
a cut-and-try procedure. It i s  generally necessary t o  move and adjus t  the  
f i r s t  l i n e s  l a i d  out i n  order t o  obtain the  bes t  farmable system. The 
amount of adjustment necessary of ten  depends upon the  experience of t h e  
technician and the topography of the  f i e ld .  

It i s  helpful  t o  f i r s t  make a physical inspection of the  f i e ld .  Loca- 
t i on  of su i t ab le  surface ou t l e t s  can be noted. Waterways t ha t  have t i l e  
l i n e s  should be located. The inspection w i l l  show depressions and draws 
t ha t  w i l l  require  t e r race  f i l l .  I f  there  a r e  many draws and they a r e  deep 
i t  would be best  t o  f i l l  and shape a t  least the  deeper ones pr ior  t o  lay- 
out and construction of the ter races .  

Suff ic ient  surveys should be made so t ha t  each t e r r ace  system can be 
properly planned. Detailed topographic information must be obtained be- 
fo re  t he  bes t  possible t e r r ace  systems can be designed or l a i d  out. On 
small f i e l d s  with short  uniform slopes and well defined drainageways t h i s  
information can be obtained from observation, random shots,  and t r i a l  t e r -  
race  l ines .  However, t h i s  procedure i s  time consuming and generally in-  
e f f i c i e n t  on l a rge  f i e l d s  with uneven slope changes, slope reversa l s  and 
many poorly defined natura l  depressions. These land features  c rea te  cam- 
plex t e r race  system design and layout problems. The use of a topographic 
map for  the complex system or a s  a t r a in ing  a id  for  the  inexperienced t e r -  
race planners w i l l  r e s u l t  i n  higher qual i ty  systems with be t t e r  alignment, 
fewer point rows and more pa r a l l e l  ter races .  

Topo&raphic Maps 

A reasonably accurate topographic map can be used e f fec t ive ly  from t h e  
ea r ly  planning stage of t e r race  system development through f i n a l  construc- 
t ion.  It can be used t o  work out the  best  t e r race  layout,  be t t e r  plan the  
correct ion areas ,  locate  the  required ou t l e t s ,  and develop the bes t  f i e l d  
road system and t u rn  s t r i p s .  With a map showing the complete information 
on the f i e l d ,  the  e n t i r e  layout and how i t  f i t s  together can be seen. It 
a l s o  allows design of segments of t e r races  on which correct ions  by coa- 
s t ruc t ion  may be made t o  improve alignment or t o  keep them para l l e l .  
Another important advantage i s  that the  designer can explore a l l  a l t e rna t e  
layouts without t ime-combing e f f o r t s  i n  t h e  f i e l d ,  The farmer can s e l ec t  
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the  layout that best  f i t s  his needs and desires. The use of topographic 



maps permits planning and designing f a r  i n  advance of cons t ruct ion  and a t  
times more convenient t o  the  planner. After t h e  se lec ted  layout  has been 
developed, i t  can be staked i n  the  f i e l d  according t o  the  paper layouts .  
Planning with a topographic map has a spec ia l  advantage when only par t  of 
the  system w i l l  be i n s t a l l e d  now and the  remainder a t  some l a t e r  da te .  

Types of Maps 
A reasonably accurate topography map with good reference  points  should 

be prepared so  t h a t  the  paper layout can be e a s i l y  staked i n  the  f i e l d .  
Topographic maps f o r  t e r r a c e  planning a r e  genera l ly  made by one of the  f o l -  
lowing methods: (Refer t o  Chapter 1 for  survey and p lo t t ing  information). 

Planetable or Transit--Contour l i n e s  a r e  located i n  the  f i e l d  and p lo t ted  
with planetable and a l idade ,  or e levat ions  of points  and t h e i r  locat ion  
can be determined by t r a n s i t  and s t ad ia .  These points  a r e  l a t e r  p lo t ted  
i n  the  o f f i c e  and contour l i n e s  in terpola ted .  The contour i n t e r v a l  depends 
upon the slope of the  f i e l d  ranging from 2 f e e t  f o r  t h e  f l a t  slopes t o  4 
or 5 feet f o r  s teeper  slopes. Running a contour l i n e  and p lo t t ing  i t  i n  
the  f i e l d  i s  bes t  adapted t o  s teep ,  i r r e g u l a r  slopes. 

Grid Survey--This method i s  p a r t i c u l a r l y  adapted t o  the more even, f l a t  
topography but can be used on most slopes. It i s  e a s i e r  t o  make with l e s s  
equipment and gives an accurate map i f  ca re  i s  used i n  in te rpo la t ing  the  
contour l ines .  With the gr id  i t  i s  e a s i e r  t o  reference  i n  the  g r i d l i n e s  
for  t r ans fe r  of t h e  paper plan t o  the  ground. 

Stereo-Photo~rammetric Plotting--This method saves on technica l  time and 
i s  probably the  most economical way t o  obta in  topographic m a p s  for  a la rge  
area  where t h e r e  a r e  numerous reques ts  or needs f o r  t e r races .  Low a l t i -  
tude a e r i a l  photography i s  needed e i t h e r  f o r  2- or 4-foot contours usual ly  
used f o r  t e r r a c e  planning. Contour l i n e s  a r e  then located by e i t h e r  a 
Kelsh or  some other  type of p lo t t e r .  By using adequate cont ro l  points  the  
paper plan can be s a t i s f a c t o r i l y  t r ans fe r red  t o  t h e  f i e l d .  These maps are  
adapted t o  any topography. Scheduling i s  important,  a s  the re  a r e  several  
s t eps  necessary t o  develop Kelsh maps so i t  i s  bes t  t o  plan on g e t t i n g  the  
maps i n  the  f a l l ,  making the  designs over the  winter f o r  layout the  follow- 
ing season. It i s  bes t  t o  be somewhat generous i n  request ing photography, 
i n  other words photograph adjoining areas  though the re  i s  no apparent need 
on hand. Photography i s  a small pa r t  of the  t o t a l  c o s t s ,  and ground coa- 
t r o l  and p lo t t ing  can be deferred u n t i l  needed. 

Planning with Map 
Using the  contour map, determine t h e  design slope and t e r race  intew- 

val .  Where p r a c t i c a l ,  use the  same spacing fo r  a l l  t e r races  i n  t h e  f i e l d  
or fo r  groups of te r races .  Locate probable o u t l e t s  and roads. Then lay 
i n  t e r r a c e s  t o  best f i t  t he  topography. 

It i s  a good idea t o  place a p l a s t i c  a c e t a t e  sheet  l a rge  enough t o  
cover t h e  f i e l d  over the  topographic map with t h e  rough s ide  up. The use 
of the  p l a s t i c  sheet  w i l l  allow l i n e s  t o  be drawn and erased a t  w i l l  with- 
out damaging t h e  design sheet .  
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Templates made from plastic sheets about 10 x 12 inches with parallel 

lines drawn on the sheets for different terrace intervals will assist the 
designer in fitting the terraces to the contours. It can be seen how many 
terraces can be made parallel before shifting to another group. Adjust 
templates to give what appears to be a satisfactory grade for the first 
segment of the flattest terrace and determine if the grades of the other 
terraces are satisfactory. If not shift template and recalculate. Use 
another template to extend lines for another segment in the same manner. 
Join the two segments with proper curves if necessary. Continue process 
until the end of terrace is reached. Select a template line as a guide- 
line and be sure it can be referenced to the ground. With a pin or other 
sharp instrument mark a point through the template on each segment of the 
line and points of intersection. Then mark beginning and intersection of 
the other lines and draw the terraces on the plastic overlay. Elevations 
or rod readings can be calculated for all terrace lines where they cross 
gridlines. Transfer the terrace lines and elevations, location of outlets, 
turn strips and roads to the contour map when the system is completed to 
the designer's satisfaction. 

Figure 8-44, sheet 1 of 2, is a grid survey of a field for use in 
parallel terrace system design and layout. Note location of grid stakes, 
rod readings, contour lines, reference points and other features. Sheet 
2 of this figure shows a graded parallel terrace system with waterway out- 
let developed from the grid survey map in sheet 1. 

Figures 8-45 and 8-46 are examples of terrace planning using topo- 

D graphic maps. Figure 8-45 shows groups of parallel terraces using tile 
outlets. Note correction areas. The parallel system shown in Figure 8-46 
uses both tile and waterway outlets and has a well planned road system. 

Field Layout from Map 
The terrace system plan recorded on the topographic map can easily be 

transferred onto the land by using horizontal and vertical controls, if 
sufficient field references are established during the survey. When the 
landowner is ready to construct the terraces the technician, using the 
map locations and reference points, physically lays out key terraces on 
the ground. This is usually done by measuring f r m  the key points with a 
minimum of actual survey instrument time. This line is checked and c m -  
pared with design grades. The other terraces are staked above and below 
the key terrace at the determined interval. 

Care must be exercised in staking the terrace lines so that they are 
equidistant at all locations for parallel terraces. This is generally 
done by one of two methods, 

1. A tape, rope or similar apparatus equal in length to the horizon- 
tal spacing can be used if sufficient measurements are made and 
if care is taken to be accurate. 

2. Spacing of terraces is planned for the farmer's equipment so a 
more accurate method is to use the farmer's tractor for marking 
terrace lines. The key line is first followed by the farm tractor 



Figure 8-44 G r i d  survey map for use in parallel 
terrace system design and layout 

(Sheet 1 of 2) 



Figure 8-44 Graded parallel  terrace system design de- 
veloped from grid survey map i n  sheet 1 .  

Terraces outlet into existing waterway on 
north side of field 

(sheet 2 of 2) 
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Figure 8-46  Parallel terrace layout on a topographic map using both t i l e  and waterway out let  



mark,ing rows with plow po in t s  or  c h i s e l s  s e t  a t  row spacing. This 
i s  continued through each pat tern .  The remaining t e r r a c e s  a r e  
then located by counting rows covering the  t e r r a c e  spacing. This 
e l iminates  point  rows and odd a reas  which sometimes occur when a 
tape  or  chain i s  used f o r  pa ra l l e l ing .  It fu r the r  gives the  farm- 
e r  an opportunity t o  d r ive  out t h e  system and recognize any sharp 
curves p r io r  t o  construct ion.  He a l s o  can see how t o  approach any 
odd areas.  

Layout Stakin5 
The f i r s t  question usual ly  r a i sed  i s ,  on what pa r t  of the  t e r r a c e  

c ross  sec t ion  should the  s takes  be se t .  There a r e  a t  l e a s t  th ree  methods 
f o r  s taking t e r races :  

1. One of the  most cornmon methods i s  t o  s e t  the  s t ake  a t  or near the  
c e n t e r l i n e  of the  channel. This has a r e a l  advantage on broad 
base t e r r a c e s  where the re  a r e  cuts  and f i l l s .  

Figure 8-47 Method 1 - Staking - - 

It i s  easy f o r  the  cont rac tor  t o  do  
t h e  rough grading, simply making 
h i s  cu t s  r i g h t  alongside t h e  stake.  
See Figure 8-48 .  He checks by 
measuring down alongside t h e  stake. 
It has t h e  disadvantage t h a t  the  CU# 
s t ake  must be removed i n  order  t o  
obta in  all t he  excavation. Figure 8-48 Showing f i rs t  cut 

A second method i s  t o  s e t  the  s take  midway between t h e  channel and 
the  ridgetop. It has the  advantage t h a t  on a t e r r a c e  with l i t t l e  
cu t  and f i l l ,  (or i n  other words, a t e r r a c e  where the  c ross  sec t ion  
i s  balanced) the s take  s e t s  on ground which has ne i the r  cu t  nor 
f i l l .  This means the  s take  can remain undisturbed throughout most 
of t h e  construct ion.  Another advantage i s  that s ince  the s take  
s e t s  on the  balance point ,  t he  s t ake  w i l l  read 0.0 indica t ing  
ne i the r  cu t  nor f i l l  fo r  a balanced c ross  sec t ion .  This makes i t  
e a s i e r  f o r  con t rac to r s  t o  i n t e r p r e t  the  job. See Figure 8-49.  

Figure 8-49 Method 2 - Staking 



3. The t h i r d  method i s  t o  s e t  t h e  s t ake  on t h e  r idge .  Stakes are  
placed i n  t h i s  p o s i t i o n  r a t h e r  i n f r equen t ly ,  bu t  i t  does have an 
advantage on l e v e l  t e r r a c e s ,  p a r t i c u l a r l y  broad base. Ear th  i s  
moved i n t o  the  s t a k e  l i n e ,  thus  making it e a s i e r  t o  l i n e  up t h e  
t e r r a c e  r idge .  See Figure 8-50, 

Figure 8-50 Method 3 - Staking 

THE KEY TERRACE 

The key t e r r a c e  i s  t h e  t e r r a c e  which i s  l a i d  out f i r s t .  It i s  u sua l ly  
placed i n  t h e  middle of an  a n t i c i p a t e d  group of p a r a l l e l  t e r r a c e s .  There- 
f o r e ,  it i s  r e p r e s e n t a t i v e  of t h e  e n c i r e  layout  and t h e  average condi t ions .  
From i t ,  t h e  remaining t e r r a c e s  a r e  staked p a r a l l e l .  The proper l o c a t i o n  
of t he  key t e r r a c e  w i l l  g ive  t h e  b e s t  p a r a l l e l  layout .  I f  t h e  f i r s t  loca- 
t i o n  does not  g ive  t h e  requi red  r e s u l t s ,  t h e  key l i n e  must be r e loca t ed  
u n t i l  t h e  layout  of t h i s  group meets t h e  t e r r a c e  objec t ives .  

On long s lopes ,  where a  l a r g e  number of t e r r a c e s  a r e  requi red  or on 
f i e l d s  where t h e r e  i s  a  major s lope  change, it usua l ly  w i l l  be impossible 

D t o  make a l l  t e r r a c e s  p a r a l l e l .  The b e s t  layout  w i l l  be t o  d iv ide  t h e  t e r -  
r aces  i n t o  groups. A key t e r r a c e  i s  se l ec t ed  for each group, Each of t h e  
groups should con ta in  two or more t e r r a c e s  which are p a r a l l e l .  By group- 
ing t h e  t e r r a c e s  it i s  possible  t o  concent ra te  t h e  uneven a reas  i n t o  one 
l a rge  c o r r e c t i o n  a r e a  so  t h a t  i t  w i l l  be more farmable. This  may mean 
going back and s h i f t i n g  one of the  groups t o  provide a more farmable cor-  
r e c t i o n  a rea ,  

Analyze the  F ie ld  

Check on t h e  var iance  i n  s lope ,  t he  i r r e g u l a r i t i e s ,  and t h e  t o t a l  num- 
ber of t e r r a c e s  needed. I f  four  t e r r a c e s  or  l e s s  a r e  needed, try t o  use 
only one key t e r r a c e .  Usually t e r r a c e  number two w i l l  work t h e  bes t ,  How- 
ever ,  t h e  top  t e r r a c e  may work b e t t e r  i n  some cases .  I f  t h e  h i l l  i s  l a r g e  
and t h e r e  w i l l  be four  or  more t e r r a c e s ,  determine i f  two or  more groups 
of t e r r a c e s  w i l l  be needed. Determine which of t hese  t e r r a c e s  should be 
used a s  t h e  key. 

Estimate t h e  Center o f  t he  System 
For example, i f  t h e  t e r r a c e s  a r e  t o  be about 1300 f e e t  long, t h e  cen- 

t e r  w i l l  be about 650 f e e t  from each end. The l o c a t i o n  of t h i s  point  i s  
important because a g rad ien t  t e r r a c e  wi th  su r f ace  o u t l e t s  should be staked 
both ways from t h e  cen te r .  When a long graded t e r r a c e  i s  staked by s t a r t -  
ing  a t  one e n d ,  t he  o ther  end may be higher  or lower than i s  wanted. 
S t a r t i n g  a t  t h e  cen te r  gene ra l ly  w i l l  save t i m e  i n  layout  and i n  ad jus t ing  

D 
t h e  t e r r a c e  loca t ion .  



Locate t h e  Top of the  H i l l  or Slope 
This should be the  point  from which the  top  t e r r a c e  i s  located.  

Determine the  Average Land Slope 
Determine the  average slope f o r  t h e  area  t o  be te r raced .  I f  t he  slopt, 

v a r i e s  from one t e r r a c e  t o  another ,  determine t h e  s lope f o r  each t e r race .  

Determine the  Horizontal I n t e r v a l  
This  should be determined for  each t e r r a c e  according t o  the  average 

slope. Terraces usual ly  have been staked using a v e r t i c a l  i n t e r v a l .  How- 
ever ,  i n  laying out p a r a l l e l  t e r r a c e s ,  t h e  hor izonta l  i n t e r v a l  should be 
used. 

Locate Center of Each Terrace Above Key Terrace 
Measure down from the  top  of t h e  h i l l  toward t h e  center  of the  system 

( i f  t h i s  i s  poss ib le) ,  using the  determined hor izonta l  i n t e r v a l  t o  loca te  
the  approximate center  of each t e r race .  Se t  one temporary s take  on each of 
the  l i n e s  above the  key t e r r a c e  and one on t h e  key t e r race .  This provides 
a  good idea  a s  t o  t h e  approximate loca t ion  of t h e  key t e r r a c e  and t h e  t e r -  
r a c e s  above it. 

It i s  bes t  t o  use two d i f f e r e n t  co lors  of s takes  i n  loca t ing  the key 
t e r race .  I f  t h e  key l i n e  i s  staked with white f l a g s ,  red f l a g s  could be 
used fo r  the  adjusted key. This g ives  a c l e a r  p i c tu re  of the  adjustments 
made. The remainder of the  key t e r r a c e  f l a g s  should be replaced with the  
same color  a s  the  adjusted port ion.  Af ter  the  system i s  a l l  staked the 
white f l a g s  should be removed. 

Examine the  Key and Then Adiust It 
Move the  s takes  t o  e l iminate  some curves. Open the  t e r r a c e  a t  r idges  

i f  needed t o  e l iminate  a sharp curve. El iminate r eve r se  curves i f  a t  a l l  
poss ib le ,  e spec ia l ly  where they  a r e  c l o s e  together  or of sharp curvature.  
Where the  l i n e  i s  almost s t r a i g h t  fo r  long reaches,  or curves s l i g h t l y  back 
and f o r t h  from a s t r a i g h t  l i n e ,  t r y  t o  r e s t ake  as  a s t r a i g h t  l i ne .  On t i l e  
o u t l e t  t e r r a c e s  ad jus t  from a l e v e l  l i n e  by r a i s i n g  the  l i n e  on r idges  and 
lowering it a t  depressions t o  g ive  the  desired grade i n  t h e  channel toward 
the  t i l e  o u t l e t .  See Figure 8-51. 

Puke on ridqes 
Lower ot depressions ---- 

L e /  /me 

Figure 8-51 Adjustment of l i n e  crossing depressions 



Use the  Step Offset Method, for. Stakinsgthe Curves 
This simple method i s  used t o  measure the  amount of curvature of the  

l ine .  It gives the  technician a way he alone can lay out uniform curves 
and check the  distance from the  curve t o  i t s  center. Thus, he can estimate 
how f a r  on the  ins ide  of the  curve rows can be planted before they become 
too sharp. 

I f  a curve a s  f i r s t  staked does not l ay  out as desired,  t h i s  method' 
w i l l  help t o  determine how much t o  correct  the  curve for  a second layout. 

Figure 8-52 Step o f f s e t  method for staking a curve 

A s  shown i n  Figure 8-52, the  technician f i r s t  s t a r t s  with a stake 
where a s t r a igh t  sect ion ends and the  curve begins (P.C.). He paces off 
the  distance ahead t o  the  next stake,  usually 50 feet .  He looks backward 
and l i ne s  i n  with the  s t r a igh t  l ine .  To o f f s e t  the  stake,  he paces side- 
ways one-half the  selected o f f s e t  distance and s e t s  curve stake No. 1. 
He repeats  t h i s  process for  the  remaining curve stakes and the P.T. stake,  
except t ha t  he now uses the  f u l l  o f f s e t  a t  each stake. Usually curves 
w i l l  run from o n e t o  three-step offse ts .  I f  the  selected of f se t  i s  too 
large  or too small t o  fit the  curve t o  the  POT. another o f f s e t  i s  selected 
and the  curve restaked. 

The formula for  determining the  distance t o  the  center (radius) of a 
curve requires only t he  o f f s e t  distance a t  each 50-foot s ta t ion.  

Radius (in f e e t )  = 2500 
o f f s e t  i n  f ee t  



For example, i f  a three-step of f se t  curve has been staked, the  o f f se t  
a t  each s t a t i on  i s  nine f e e t ,  using a 3-foot step. Then: 

2500 = 280 f ee t  (approximately) Radius = - 
9 

I f  rows a r e  planted on ' t he  ins ide  of the  curve, somewhere around 230 
f ee t  ins ide  the  staked curve they w i l l  become too sharp t o  farm. This 
asslrmes t ha t  equipment could work on a curve with a 50-foot radius. 

It i s  bes t  when staking che key te r race  t o  l i m i t  t he  curve of f se t  t o  
f i ve  or s i x  s teps  (15 t o  18 f ee t ) ,  This should s t i l l  permit another t e r -  
race t o  be located on the inside. For an individual  t e r race ,  it i s  best  t o  
l i m i t  t he  curve so t ha t  the  o f f se t  i s  not greater  than eight s teps  or 25 
feet .  This i s  a curve with a radius of about 100 fee t .  

Recheck the Grade 
The grade of the  adjusted key te r races  should be given a f i n a l  check 

t o  make sure it i s  within allowable l imi ts .  

Terraces Pa ra l l e l  t o  the Key 
When the  key t e r race  has been located, the  t e r races  above and below it 

can then be staked, pa r a l l e l  by plowing out t he  rows or measuring off the  
planned horizontal spacing from the  key. 

Probably the more accurate method of locating the  other t e r races  i s  
by marking off the  rows para l le l  t o  t he  key te r race  with t rac to r  and plow 
points or chise ls .  This method was explained previously under Layout from 
Topographic Map. 

I f  adjacent t e r races  a r e  t o  be located by measurements, the  measuring 
i s  always done a t  a r i gh t  angle t o  the  t e r race  from which the  measurement 
i s  being made. Failure t o  do t h i s  i s  t he  biggest source of trouble i n  
making l i ne s  paral le l .  Where sections of the  key te r race  a r e  s t r a igh t ,  
measuring need only be done a t  the  ends of the  s t r a igh t  sections. In te r -  
mediate stakes can be sighted in.  On curves, measure from the  key l i n e  t o  
the  adjacent t e r race  a t  50-foot in tervals .  Refer t o  the  discussion on 
Curves and Straight Lines i n  the sect ion on Layout Geometry for locating 
and determining the beginning and end of the curves. 

The grade of each te r race  must be checked a f t e r  the  t e r races  have been 
staked. I f  the  grades a re  out of tolerance,  determine i f  cut  and f i l l  
along the  l i ne s  w i l l  permit the  l ines  t o  rkmain where they are. Generally, 
a reasonable amount of cut  and f i l l  w i l l  allow the  t e r races  t o  remain. I f  
not ,  the  key te r race  should be changed, or perhaps another t e r race  selected 
for  the key. 

Use a l l  the techniques shown under Alignment t o  make the  l i ne s  paral- 
l e l .  I f  these do not give the  r e l i e f  needed, corrections areas w i l l  need 
t o  be planned. It may even be necessary t o  make fur ther  adjustment i n  
t e r race  alignment i n  order t o  provide farmable correction areas. 



11. DESIGN 

The next step after the terrace system layout has been planned is to 
design the terraces and outlets. The design will depend on the type of 
outlet - surface or underground outlet - and the methods used for parallel- 
ing or providing the best possible alignment. 

TERRACE GRADE 

In determining grades for terraces, due consideration should be given 
to such factors as soil type, spacing, and length of terrace. Grades 
should be sufficient to provide good drainage and develop adequate flow 
without scouring the channel and washing out crops. If the grades are not 
sufficient, a waterlogged condition may occur, crops may be drowned out, 
and farm operations made difficult. 

A minimum grade of 0.1 to 0.2 is generally used. Level grades are 
not desirable on soils with low permeability but may be used for short dis- 
tances. Reverse grades are not permissible. 

In the upper 200 feet of a terrace the quantity of flow is small and 
steeper thin normal grades may be used to improve alignment without causing 
erosive velocities. In this reach grades up to a maximum of 1.5 to 2.0 
feet per 100 feet, depending upon terrace spacing and amount of runoff, 
are generally permissible. The maximum grade will be less as the terrace 
becomes longer and the peak rate of flow increases. The velocity should 
be checked against the permissible velocity fox the soil for each change 
of grade. 

LENGTH OF TERRACE 

Safe outlet capacity is an important factor in determining terrace 
lengths. In general, 1,800 to 2,000 feet is the maximum distance that a 
terrace should drain water in one direction. When the graded channel ex- 
ceeds this length the terrace height becomes greater and this increases 
the earthmoving costs. When properly constructed and maintained, one-half 
mile long terraces will give satisfactory service on permeable soils, pro- 
vided slopes are reasonably uniform. On badly gullied land a length of 
1,200 feet should seldom be exceeded. 

For tile outlet terraces it is a good practice to limit the length 
to about 1,200 feet per inlet. 

WATERWAY OUTLETS 

Waterway outlets must convey runoff from the terrace or terrace sys- 
tem, at a safe velocity, to a point where it can be discharged without 
erosion damage. Terrace outlets should be installed before terrace con- 
struction, when needed to insure the establishment of a good vegetative 
cover in the outlet channel. 



I f  the  f i e ld  t o  be terraced receives any appreciable amount of runoff 
from an adjacent area,  plans must be considered t o  d iver t  the  runoff from 
the t e r race  system by some form of diversion or in tercept ion ditch.  

Refer t o  Chapter 7, Grassed Waterways and Outlets ,  for  the design of 
vegetated te r race  ou t le t s .  

CUT-AND- FILL METHOD 

The major problem i n  the  design.of t e r races  which a r e  t o  be b u i l t  by 
the  cut-and-fi l l  method i s  t o  es tab l i sh  the  gradeline of the  channel and 
the  r idge which w i l l  cause the  earrhwork t o  b a h i z c  svcr :be e n t i r e  length 
of the  ter race .  

The following i s  a step-by-step procedure which can be used fo r  de- 
sign and 'layout. This procedure uses rod readings ra ther  than elevations 
for stakes s e t  i n  the  t e r race  channel. 

Survey the  Terrace Line 

After t he  t e r race  l i n e  has been es tabl ished,  take a rod reading a t  
each stake,  usually s e t  every 50 feet .  Enter these rod readings i n  the  
f i e ld  notebook as shown i n  Figure 8-54. Convert a l l  rod readings t o  the  
same H I  i f  there i s  more than one instrument s e t  up for  a design segment. 

Analyze the  Rod Readin~s  

Determine where the ou t l e t  w i l l  be on graded terraces .  Determine the  
high points (lowest value of rod readings) where water w i l l  divide. These 
points a r e  normally dividing points and te r race  design and earthwork 
balance usually w i l l  be calculated between these  divides. 

Determine the  Aver age Rod Reading 

For the  sect ion being designed, add the  rod readings and divide by the  
t o t a l  number of readings. I f  s takes a r e  s e t  every 50 f ee t ,  each i n t e r -  
mediate stake represents 50 fee t  of l ine .  However, end stakes may only 
represent 25 feet .  I f  t h i s  i s  t rue ,  add one-half of the sum of the  two 
end readings t o  the sum of the  intervening readings and divide the  t o t a l  
by the  number of rod readings minus one. This equals 9,s for  t he  example 
i n  Figure 8-54. 

The average rod reading means t ha t  i f  the  land lengthwise of the  
stake l i n e  was a l l  graded leve l ,  the  rod reading a l l  along the  l i n e  would 
be the  average rod reading. 

Locate the  Balance or Midpoint 

This w i l l  be the  center of the design length. I f  the design length 
i s  600 f e e t ,  the  balance point wi l1 ,be  a t  the  300-foot point. Note i n  
Figure 8-53 t ha t  the  center point does not change elevation a s  the  l i n e  i s  
tipped. The average rod reading w i l l  be a t  the  center point ,  hence i f  the  
l i n e  i s  tipped e i t he r  way the  average rod reading does not change. Now i f  



B 
a plane i s  passed through t h i s  balance point a t  an elevat ion equal t o  the  
average rod reading the  volume of excavation w i l l  equal the  volume of fill 
regardless  of how the plane i s  tipped. 

o = b = ~  AreaA = A r e a 8  =AreoC 
Figure 8-53 Theory of t h e  balance point 

The above f igures  were drawn of equal height below the  balance point 
o r  center.  They a l l  contain t he  same area and represent t he  theory behind 
the  balance point.  

Figure 8-54 Graded t e r r ace  cut-and-fill notes 



Determine Grade Rod of the  Channel a t  the  Balance Point 

F i r s t ,  determine the  amount of cu t  which w i l l  be necessary i n  the  
channel i n  order t o  build the  t e r race  on the  par t i cu la r  slope i n  question 
with a balanced cross  section. The cut can be determined for any ground 
slope and width of f ront  slope. See Figures 8-14 and 8-15. For ce r t a in  
depths the  amount of cu t ,  "c", i n  the  channel can be read from Exhibit 8-1. 

I n  the  example shown i n  Figure 8-54 a t e r race  with a broad base cross 
sect ion on a 4-percent slope i s  t o  be designed 0.8 foot high (design 
height). The "cl1 value (or cut  i n  channel t o  build t h i s )  w i l l  be found i n  
Exhibit 8-1 t o  be 0,8 foot. 

After t he  amount of cut  necessary fo r  the  specified t e r race  height 
hab been determined it i s  added t o  the  average rod reading. This gives 
thd, grade rod of the  completed channel a t  the  balance point or center.  In  
our\example, the  average rod reading i s  9.5. To t h i s ,  a cut 0 4  0.8 i s  
addeq giving a grade rod reading a t  the  balance point of 10.3. 

~ s t a b l , i s h  the  Channel Grade 

Proceed frcm the  center point both ways with a planned grade. I n  the  
example, Figure 8-54, the  channel grade rod i s  10.3. The te r race  grade i s  
0.6 percent or 0.3 foot  for  each 50-foot s ta t ion.  To find the  grade a t  
each s t a t i o n  s t a r t  a t  the  balance point (10.3) and reduce the  reading by 
0.3 for  each 50-foot s t a t i on  going uphi l l  and increase by 0.3 going toward 
the  out le t .  

If the  planned grade does not seem t o  fit well or w i l l  not properly 
discharge t he  t e r race  i n t o  the  ou t l e t ,  change the  grade and t r y  again. On 
leve l  t e r races ,  the  grade i s  zero so  calcula t ions  a re  much simpler. 

A uniform grade from one end of t he  t e r race  t o  the other i s  not a re- 
quirement and i s  seldun possible with pa ra l l e l  ter races .  A t e r race  l i n e  
may be broken i n t o  segments with d i f fe ren t  grades. However, each segment 
must have a uniform grade and be handled as a separate cut-and-fi l l  prob- 
lem, It may require plot t ing of the  e n t i r e  t e r race  p ro f i l e  t o  es tab l i sh  
the correct  grade and the  points a t  which grades should be changed. 

Determine Cuts and F i l l s  

A cut  i s  required where the  grade rod exceeds the  o r ig ina l  ground rod. 
A f i l l  i s  required where the  grade rod i s  l e s s  than the  or iginal  ground rod. 
Referring t o  the  example, Figure 8-54, t he  ground rod a t  Sta. 3+00 i s  8.3 
and the  grade rod i s  10.3 requiring a cut  of 2.0 feet .  A t  Sta. 4+00 the  
ground rod i s  10.1 and the  grade rod i s  9.7, requiring a f i l l  of 0.4 foot. 

A study should be made t o  determine the  d i s t r i bu t i on  of cu t s  and f i l l s .  
This can be done d i r ec t l y  from the  fieldbook notes or by p lo t t ing  the  pro- 
f i l e .  On graded te r races ,  it may be desi rable  t o  adjust  the  grade, within 
safe  veloci ty  l i m i t s ,  t o  prevent excessive ea r th  haul from one end of the  
f i e l d  t o  the  other,  Grades can be increased or decreased a s  dic ta ted by 
the  overal l  f a l l  f rau  one end of the  t e r race  t o  the  other. 



The ear th  t o  complete the  t e r race  may run long or short .  Shortage of 

B ear th  t o  make the  f i l l s  i s  more desi rable  since i t  can be remedied by mere- 
l y  lowering the gradeline of the  t e r race  channel by one or two tenths. 
This could be done during construction by the  technician or contractor as  
the  shortage becomes apparent. 

GRADED TERRACES USING UNDERGROUND OUTLETS 

The graded te r race  using underground ou t l e t s  incorporates the  pr inci -  
ple of retarded flow. It i s  designed so tha t  the  storm runoff i s  tempo- 
r a r i l y  stored and carr ied away gradually through the  underground ou t le t .  
The storage i s  developed by building the  t e r race  s t r a igh t  across waterways 
or depressions, with the ridgetop b u i l t  level  and t he  channel bottom 
graded t o  the  out le t .  

Storage Requirements 

Suff ic ient  storage should be provided t o  protect  the  t e r race  from 
avertopping. The amount of storage required i-s generally based on a 10 
year frequency storm. A minimum capacity of 2.0 inches of runoff 
i s  often used. 

Drainage Coefficient  

The ou t le t  conduit i s  designed t o  remove the  water atored i n  each t e r -  
race i n  a specified period of time. The maximum time recommended i s  48 

B 
hours. Shorter dewatering periods w i l l  reduce the  poss ib i l i ty  of crop l o s s  
due t o  flooding and p r w i d e  more protection against  storms t ha t  may occur 
on successive days. 

For example, i f  the 10-year frequency runoff under average conditions 
i s  1.9 inches, design the  storage i n  the  t e r race  fo r  2 ,O inches. To re- 
move the  runoff i n  two days, the  minimum release  r a t e ,  or drainage coeff i -  
c i en t ,  would be one watershed inch per day. I f  removed i n  one day, the  
drainage coef f ic ien t  would be two inches per day. Drain t i l e  used for the  
outlet ,  conduit should not be smaller than 4 inches. Since drainage areas 
a r e  sniall and t i l e  grades a r e  moderate t o  steep,  the  drainage coeff ic ient  
i s  usually much greater  than t he  required minimum. 

Terrace S t o r a ~ e  Capacity 

The te r race  must be high enough t o  p rwide  the  required storage ca- 
pacity. It w i l l  be necessary t o  cmpute the  avai lable  t e r race  storage 
with a given height. Storage i s  not as  easy t o  compute on gradient  t e r -  
races a s  i t  i s  on a level  t e r race ,  a s  the  depth of water var ies  widely 
along the  graded terrace .  The simplest method i s  t o  determine the  average 
storage per l inear  foot of the  terrace.  Storage w i l l  be of two kinds, 
natural  storage and excavated storage. 

Natural storage i s  t ha t  storage above a t e r race  which occurs on top 
of the natural  ground and against  the  terrace.  It would be the e n t i r e  
storage on a t e r race  i f  the re  were no uphi l l  borrow. 



Excavated storage i s  t ha t  created by uph i l l  borrow. Many ter races  
have both na tu ra l  and excavated storage as  shown i n  Figure 8-55. 

Figure 8-55 Storage - Natural and excavated 

The following out l ines  procedures fo r  determining the t e r race  height 
necessary t o  provide the  required storage. 

Natural S t o r a ~ e  Design Procedure 
In  t h i s  example, the  t e r r ace  w i l l  have a grass back slope cross sec- 

t i o n  with the  excavation all from the  downhill side. Thus, a l l  t he  s to r -  
age w i l l  be na tu ra l  storage. Refer t o  Figure 8-56 for  f i e l d  notes and 
calcula t ions  for  t h e  example. 

I I I I I 

Figure 8-56 Notes - Graded t e r r ace  with underground outle* 



1. Enter the  rod readings fo r  each 50-foot stake s e t  i n  the  channel 
along the  ter race .  

2. Convert a l l  rod readings t o  the  same H I  i f  there  i s  more than one 
instrument setup. However, t h i s  needs t o  be done only for  a par- 
t i c u l a r  design section. Note t ha t  the  instrument was moved, with 
Sea. 5+00 used for  a turn. The foresight  on 5+00 was 8.5 and the  
backsight was 7.1. Enter readings from f i r s t  H I  i n  the  th i rd  
column, those from the second HI i n  the  second column. In the  
example, readings from the  second H I  were converted and placed 
i n  the t h i rd  column by adding 1.4 t o  each. 

3. plo t  and analyze the  rod readings. Determine where the  under- 
ground ou t l e t  w i l l  be, I n  the  example, the ou t l e t  should be a t  
Sta. 8+00 which i s  the  low point. See Figure 8-57 for  plotted 
p rof i l e .  Determine the high points  where water w i l l  divide to 
e s t ab l i sh  the  design length. I n  the  example, t h i s  i s  from Sta. 
W50 to 9t50 = 900 feet .  

Figure 8-57 Prof i l e  of t e r race  (Borrow was obtained from 
r idges  t o  complete the  f i l l  sec t ion)  

4 .  Establ ish  a proposed top or  r idge height f o r  the storage sect ion 
of the  ter race .  P lo t  t h i s  estimated e levat ion or grade rod on 
the  ter'race p ro f i l e  as shown i n  Figure 8-56. 

The readings a t  the  ends of the  t e r r ace  t h a t  a r e  much higher than 
the  assumed level  r idge top should be eliminated £ran the  storage 
calcula t ions .  I n  t h i s  example, t h e  f i r s t  four readings and the  
l a s t  three  readings were not used s ince  these  par t s  of the t e r -  
race w i l l  be b u i l t  only as  a graded ter race .  

Locating the  required r idge height i s  a cut-and-try process. Ex- 
perience i n  t he  design of t h i s  type of t e r r ace  provides the bes t  
judgment i n  locating the  r idge height. The following guides a r e  
based on past  designs and may be used a s  a s t a r t i n g  point.  



Estimated maximum design 
Percent of the  length of t e r r ace  height measured a t  the  aver- 
over which water w i l l  be stored age low point a t  the  in take 

Approx. 75 percent of length 2.0 f e e t  
Approx. 50 percent of length 3.0 f e e t  
Approx. 25 percent of length 4.0 f e e t  

These guides work bss t  on slopes of 3 t o  6 percent and fo r  a de- 
s ign length of t e r r ace  of 1,000 f e e t  or less .  For t e r races  over 
1,000 f e e t ,  add addi t ional  height a s  t he  design sect ion becomes 
1 onger . 
I n  the  example 10.1 was considered average rod near the  intake. 
The storage port ion i s  + 60 percent of t e r race  length so 2.5 was 
used fo r  t he  maximum design height. Grade rod a t  r idge = 10.1 - 
2.5 = 7.6. 

Determine the  water depths a t  each s t a t i o n  and record i n  Column 4,  
Figure 8-56. For example, a t  Sta. 4+00 the  ground rod i s  9.8, 
the  proposed ridgetop i s  7.6, and t he  water depth w i l l  be 
9.8 - 7.6 = 2.2 fee t .  

In  t h i s  example the  water depth i s  computed from the  o r ig ina l  
gro-und shots. By doing t h i s  i t  i s  assumed t ha t  cut  and f i l l  i n  
the  channel with a continuous grade t o  the  i n l e t  w i l l  balance and 
w i l l  not change the amount of storage. When it appears t h a t  cut  
and f i l l  i n  the  channel w i l l  not -balance then the  water depth 
should be computed t o  the  planned grade and Exhibit 8-3 w i l l  have 
t o  be used because there  i s  both na tu ra l  and excavated storage. 

Determine the  storage a t  each s ta t ion .  Record these f igures  i n  
Column 5. This storage i s  expressed i n  cubic f e e t  of water per 
l i n e a l  foot. The amount of na tu ra l  s torage for  any given depth 
and land slope can be found i n  Exhibit 8-2. Example: A t  Sta. 
4+00 fo r  a depth of 2.2 f e e t  and a 12-percent slope the  storage 
amounts t o  36 cu. f t . / f t .  

Exhibit 8-2 i s  t o  be used where a l l ,  or the  majori ty,  of the  ex- 
cavation comes from other than i n  the  t e r r ace  channel. This 
would be the case where t e r races  have grass  back slopes and the 
excavation comes from the  downhill side. It would a l so  per ta in  
t o  broad base t e r races  where f i l l  fo r  the  t e r race  i s  carr ied  i n  
with a scraper from a d i s t an t  source. A l l  ca lcula t ions  a r e  based 
on a s take  l i n e  14 f e e t  uph i l l  from the  completed t e r race  ridge. 
Where f i l l s  a r e  over 3 f e e t ,  f ron t  slope should be increased t o  
28 f ee t  t o  give be t t e r  farmabil i ty.  

D~termine the  ava i l ab le  storage. Add the  storage volumes i n  
Column 5 and divide by the number of 50-foot increments. This 
gives the  average storage along the  length of the  ter race .  Total 
s torage from Col. 5 = 330 i n  the  example. The number of incre-  
ments are 900 f e e t  of t e r race  ; 50-foot s t a t i ons  = 18. The 



average avai lable  storage prorated over the  e n t i r e  length of t he  

t e r race  i s  then 330 = 18.3 cu.ft . / f t .  
18 

8. Determine the  required storage. Multiply the  average width of 
the  drainage area above the  t e r race  by the  storage required i n  
fee t .  I n  the  example, the  average width of the  drainage area 
above the  t e r race  ( terrace  spacing) i s  110 f ee t  and 2 inches 
(116 of a foot)  of storage a re  required,  then 110 f t .  x 116 f t .  = 
18.2 cu. f t . / f t .  This i s  s l i g h t l y  l e s s  than the  storage avai lable ,  
therefore  the  height estimated i n  s tep  5 i s  sa t is factory.  

9. Recmpute i f  necessary. I f  the  storage i s  too low or too high, 
recompute the  t e r race  w i th . a  d i f fe ren t  height. 

Excavated Storage Design Procedure 
Where a l l  or par t  of the  f i l l  for  the  t e r race  comes from uphi l l  bor- 

row, storage w i l l  be increased due t o  the excavation. Thfs increase i n  
storage can be used t o  reduce the  r idge height. 

Storage calcula t ions  a r e  based on the  average storage i n  cubic f ee t  
per foot of t e r race  length required t o  s to re  the  runoff f ran  a one-foot 
width of the  t e r race  in terval .  This method assumes t ha t  the  storage vo lme  
i s  spread over the  e n t i r e  length of the  ter race ,  Therefore, a l l  survey 
s t a t i ons  must be a t  the  same in te rva l .  

A procedure for  determining storage volume when a l l  or par t  of the  
channel i s  excavated i s  shown below. An example of the  necessary f i e l d  
notes and calcula t ions  a re  given i n  Figure 8-58, Imthe example, t he  t e r -  
race has a broad base cross section,  a 'VV" channel, a f i e l d  slope of 5 
percent and a t e r race  spacing of 140 fee t .  

1. Enter the  rod readings for  each s t a t i on  along the  stake l ine .  
This s tep i s  t he  same as  for natural  storage design. See Figure 
8-58. 

2. Plot  a p ro f i l e  of the  rod readings. Study the  p ro f i l e  and locate  
the  high points where water w i l l  divide. This determines the  de- 
sign length. Then loca te  the  i n l e t .  With the  i n l e t  elevation 
as the  control ,  s e t  the  grade for  the  t e r race  channel and draw 
t h i s  on the  p ro f i l e  as  shown i n  Figure 8-59. 

3.  Establ ish  a proposed top or r idge height for the  storage sect ion 
of the  ter race .  Plot  t h i s  estimated e levat ion or grade rod on 
the t e r race  p ro f i l e  as shown i n  Figure 8-59. 

The guides for  estimating the  r idge height were explained i n  item 
4 under Natural Storage Design Procedure. I n  the  example, 10.3 
was considered the  average rod near the  intake (Average for 100 
f e e t  each s ide  of intake). The te r race  i s  more than 1,000 f ee t  
long, and the  storage sect ion i s  more than 75 percent of the 
te r race  length. Try a maximum height of 2.1. The grade rod a t  
the  r idge would be 10.3 - 2.1 = 8.2. 



Determine the  water depth a t  each s ta t ion .  This i s  the di f ference 
between the  grade rod of the  r idge and the  proposed bottom of the 
te r race .  I n  the  example, at Sta. 5+00 the  t e r race  bottom grade 
rod i s  10.2. Subtract r idge grade rod of 8.2 giving the  water 
depth of 2.0. Do t h i s  fo r  each s t a t i o n  and enter  i n  Column 4,  
Figure 8-58. 

Determine the cut  depth a t  each s t a t i on ,  This i s  the  di f ference 
between the  rod readings a t  the  stake l i n e  and the  proposed bot- 
tom of the  t e r race  channel. A t  Sta. 5+00 with the  bottom grade 
rod of 10.2 and the grade rod a t  the  ground l i n e  of 10.1, a cut  
of 0.1 w i l l  be required. Do t h i s  f o r  each s t a t i o n  and enter  i n  
Column 5. 

Determine the  end area a t  each s ta t ion .  For the design depth 
shown i n  Column 4 and the cu.t depth shown i n  Column 5 ,  s e l ec t  
the  end area  from Exhibit 8-3. A t  Sta. 3+00, d = 1.4, C = 0.8. 
From Exhibit 8-3, sheet 5 ,  f o r  5-percent f i e l d  slope, the  end 
area  = 16 square fee t .  Enter t h i s  i n  Column 6. 

I 
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Figure 8-58 Notes - Graded te r race  with underground 
ou t le t  - broad base cross sect ion 



Figure 8-59 Prof i l e  fo r  t e r race  design example 

Exhibit 8-3 has been developed t o  aid i n  computing combined natu- 
r a l  and excavated storage. The exhibi t  can be used where the  
storage i s  a l l  na tura l  (c = 0.0); where the  storage i s  a combina- 
t i o n  of natural  and excavated; and where the  storage i s  a l l  ex- 
cavated. See Figure 8-60. I n  using t h i s  exh ib i t ,  f i r s t  determine 
the  land slope a t  each s t a t i o n  and r e f e r  t o  the exhibi t  for  t h a t  
land slope. The storage f igures  i n  the  exhibit  a re  cubic fee t  
per l i nea l  foot  of t e r race  (end area i n  square f ee t  times a un i t  
length of one foot). The exhibi t  has been carr ied only t o  a "d" 
of 3 feet .  It w i l l  be r a r e  if there  i s  excavation i n  the  channel 
of depths over t h i s  amount. For natural  storage on depths w e r  
3 f ee t  use Exhibit 8-2, Natural storage above terraces .  

This exhibi t  i s  based on a ''V" channel cross sect ion with a 14- 
foot  f ront  slope and an excavated cu t  slope of 6:l. The stake 
l i n e  i n  the  "V" channel is 14 f ee t  uph i l l  from the  completed t e r -  
race ridge. The t e r race  r idge i s  constructed t o  the  design depth 
11 I1 d , even when "c" exceeds "dl' (see drawing 4 i n  Figure 8-60). 
This  means t ha t  the  water surface a t  depth "d" always measures 
14 feet from the  stake l i n e  t o  the completed te r race  r idge,  Free- 
board w i l l  have t o  be provided above the  "dl1 level .  

Determine the  avai lable  storage. Total a l l  of the end areas i n  
Column 6. Divide t h i s  t o t a l  by the number of survey s t a t i ons  i n  
the design length of t e r race  t o  determine the  storage i n  cubic 
f ee t  per foot of length. The f u l l  length of the  t e r race  must be 
used as  the  average end area must be applied t.o the  f u l l  length, 
not jus t  the  storage port ion of the  p rof i l e .  This i s  because the  
f u l l  length must be used i n  s tep 8 t o  determine t h e  required 
storage based on the  t o t a l  runoff t o  the  e n t i r e  design length of 
terrace.  I n  the  example the  avai lable  storage provided per foot 

of length i s  - 287 - - 23.9. 
1 2  



Figure 8-60 Examples of "cl' and "dl1 s i tuat ions for figuring storage 

8, Determine the required storage. Mult iply the average width of 
the drainage area above the terrace by the depth of the runoff 
i n  feet. The required storage i n  this example is equal t o  

2 140 x - = 23.3 cubic feet  per foot. As the available storage i n  12 
the previous step i s  23.9, the f i r s t  t r i a l  meets requirements and 
the grade rod for the designed height of the terrace i s  8.2. 
Additional height should be added t o  the terrace to allow for 
freeboard and settlement. 

I f  the available storage i s  less  than the required storage, r a i se  the 
terrace ridge and recompute the available storage. If the available stor-  
age i n  step 8 i s  s ignif icant ly more than the required storage, lower the  
grade rod of the terrace and recompute the available storage. Seldom w i l l  
more than two t r i a l s  be required t o  determine the ridge height of a terrace 
of t h i s  type. 



I f  a flat-bottom t e r r ace  channel i s  used instead of a 'Ytt channel, 

D Exhibit 8-3 cannot be used t o  ca lcu la te  the  storage. I n  t h i s  case,  cmpu- 
t a t i ons  fo r  the  excavated storage should be made a t  each s t a t i o n  and added 
t o  the  na tu ra l  s torage t o  obtain the  t o t a l  s torage a t  each s ta t ion.  

Desipn of the  Outlet Conduit 

The t i l e  ou t l e t  i s  designed t o  remove t he  calculated vo lme  of t e r r ace  
storage i n  a specif ied time in te rva l .  

The ou t l e t  conduit can be designed by e i t he r  of two methods using Ex- 
h i b i t  8-4, T i l e  design char t  for  underground ou t le t s .  One method i s  by 
using required discharge i n  cubic f e e t  per second fo r  the  selected drainage 
coef f i c ien t  and the  other method i s  by using acres  drained and the  selected 
coef f i c ien t .  Exhibit 8-4 provides a se lec t ion  of drainage coef f i c ien t s  
frm 112 inch t o  3 inches fo r  both discharge i n  cubic feet per second and 
acres drained. Using drainage area i n  acres  i s  the  simplest and most camc 
mon met hod. 

The r i l e  should be designed fo r  open channel flow with ve loc i t i e s  i n  
accordance with National Engineering Handbook, Section 16, Chapter 5. The 
design procedure i s  t o  s t a r t  with the  top t e r r ace  and accumulate the  drain- 
age area or discharge r a t e  of each t e r race ,  moving downhill. 

The following example i l l u s t r a t e s  t h i s  procedure uaing drainage areas: 

Given - Slope of t i l e  ou t l e t  through a l l  t e r races  = 3.0 percent 
Slope of t i l e  ou t l e t  across b o t t m  = 0.5 percent 
Drainage coef f i c ien t  = 2.0 in./day 

Using the  Design Chart determine the  t i l e  s i z e s  required: 

1 
2 
3 
4 
5 

Main 
Outlet 

 erra ace 
Number 

Intake or Riser 

Incremental 
Drainage 

Area-Acres 

Size of T i l e  
Required from 
Exhibit 8-4 

Inches 

Drainage 
Coefficient  

Inches 

Accmulated 
Drainage 

- Area-Acres 

The in take extends above the  ground and d i r e c t s  the  flow i n t o  the  
underground ou t le t .  Intakes generally a r e  placed on a l a t e r a l  leading t o  
the  main l ine .  The l a t e r a l  should be of sealed conduit. The in take 
should be of sturdy construction and securely connected t o  the  l a t e r a l  
conduit. The intake should extend almost up t o  the  e levat ion of the  t e r -  

Slope of 
T i l e  Line 

Percent 

D race  top, This gives a higher fac to r  of sa fe ty  agains t  plugging by trash.  



It also permits sediment to build up gradually over the years without 
having'to raise the.intake. For this reason the beehive grating is not 
recommended, 

Figure 8-61 Types of opening for intakes of 
helical carrugabed metal pipe 



Helical corrugated metal pipe i s  generally used fo r  the  intake. Open- 

D ings should be placed i n  i t  from the  ground leve l  t o  the top t o  permit flow 
t o  enter  and s t i l l  r e s t r i c t  f loat ing grass ,  s t a lk s ,  and other t rash.  Open- 
ings have been made of s l o t s  (1 x 3 inches),  round holes (112 t o  1 inch i n  
diameter), and ch i se l  perforations (usually 3/16 t o  1 inch). The openings 
should be su f f i c i en t l y  nwnerous t o  pass the  required flow even i f  some are 
obstructed. See Figure 8-61 for  information on the  three  types of openings 
for  intakes. Other types of intakes can be used t ha t  f u l f i l l  the  above 
c ~ t t e r i a .  

The intake generally i s  placed a t  the  lowest spot on the  t e r race  pro- 
f i l e  i n  order t o  dra in  a l l  the  t e r race  channel. It should be placed uphi l l  
of the  t e r race  r idge - a multiple of the  planting and harvesting equipment 
width's - wo tha t  it w i l l  pass a l l  equipment which w i l l  be used. 

It may be necessary t o  e i t he r  excavate around t he  intake,  or f i l l  i n  
the  channel, so t ha t  the  intake i s  the  lowest par t  of the  cmpleted t e r -  
race channel. See Figure 8-62. I f  the  f i l l  i s  ra ther  high a t  the  intake,  
the f ron t  slope w i l l  need t o  be lengthened t o  prevent i t  from becoming t o o  
steep. 

Figure 8-62 Grading around intake 

This a l so  requires  placing the intake fa r ther  away. A s  an a l t e rna t e ,  
the  channel can be f i l l e d  t o  lessen the  height. This  w i l l  permit placing 
the  i n l e t  closer t o  the  ridge. See Figure 8-63, 



To protect  the  intake from damage by equipment or  l ives tock,  it i s  
bes t  t o  leave a small area i n  sod around the  intake. Crops should be 
planted out around the  grassed area  so  t ha t  equipment w i l l  be led away 
from the  intake. See Figure 8-81. A s e r i e s  of fence posts  placed around 
t he  intake a l s o  w i l l  protect  against  l ives tock and equipment damage. 

prevent in^ Pressure Flow i n  Outlet 

I f  a large  number of texraces a r e  graded t o  an underground o u t l e t ,  
wertopping of the  lower t e r races  may occur i f  the  same conduit s i z e  i s  
used throughout and the  lower end of the  conduit i s  on a much f l i t t e r  grade 
than the  upper end, Preseure flow may develop i n  the  l i n e  and cause water 
t o  flow out of the  lower intakes ra the r  than i n t o  them, This might cauee 
the  lower t e r races  t o  wer top .  There a r e  several  methods which can be 
used i n  design t o  prevent th ie .  

Conduit Sizinq 
The main ou t l e t  conduit can be sized using approximately the  same 

drainage coef f i c ien t  for a l l  t e r races  with the  s i z e  of the l i n e  increeaiag 
as it proceeds downhill. Thia approach i s  not always p r ac t i c a l  a s  t h i s  
may c a l l  for  the  upper par t  of the  main t o  be 2% inchea i n  diameter, or 
some other odd s i ze ,  and 4 inches a t  the  lower end. However, the  conduit 
should be sized according t o  t h i s  p r inc ip le  ae f a r  a s  pract ica l .  For exam- 
ple ,  i f  t i l e  i s  w e d ,  4-inch t i l e  might be used a t  the  upper end, 5 inches 
i n  the  middle port ion and 6 inchea fo r  the  ou t l e t  end. 

End 

(El bow can be substituted) c 
Figure 8-64 Closeup of in take showing o r i f i c e  p l a t e  locat ion 



Restr ic t ing Device i n  the  Intake 
The flow may be r e s t r i c t ed  before it en te r s  the  main. This should not 

be done by reducing the  s i z e  or  number of holes i n  t ha t  port ion of the  in-  
take above ground. The r e s t r i c t i o n  should be placed i n  the  intake below 
t h e  ground level .  One of the  simplest devices i s  a f l a t  metal o r i f i c e  
p la te  lowered i n t o  the  in take from above and s e t  on the  shoulder of the  
b e l l  of the  sewer t i l e .  Should it become plugged, it  can be removed by 
using a rod with a hook on one' end. See Figure 8-64. 

When an o r i f i c e  p la te  or some other type of r e s t r i c t i o n  i s  used it 
w i l l  be necessary t o  determine the  discharge i n  cubic f e e t  per second fo r  
the  drainage coef f i c ien t  used, the drainage area of the  i n l e t  (Exhibit 
8 - 4 ) ,  and the head of the  o r i f i ce .  See Figure 8-65. With t h i s  informa- 
t ion ,  the diameter of o r i f i c e  and s i z e  of r i s e r  pipe can be determined 
from Exhibit 8-5. 

d , = d e p t h  of te r race  channel below 
the designed e leva t ion  of the 
te r race  r idge  (where it i s  3' 

0,. if ice p l a t e  d2 E depth o r i f  ice p l a t e  i s  placed 
b e l w  ground 1 ine o f  te r race  
channel. 

w H =design head o f  o r i f i c e  p la te .  
H =0.7dl + dq 

Figure 8-65 Design head fo r  o r i f i c e  p l a t e  

Example: Required discharge of -33 c.f.s. Height of t e r race  r idge = 
3.0 f ee t ,  Or i f ice  p la te  i s  2.0 f e e t  below channel bottom. 

Head on o r i f i c e ,  H = (0.7 x 3)  + 2 = 4.1 feet .  From Exhibit 8-5, 
f ind t ha t  the  o r i f i c e  diameter for  a discharge of .33 c.£.s. a t  a head of 
4.1 f e e t  equals 2.5 inches. Also, the  pipe above the  o r i f i c e  must be a t  
l e a s t  a 6-inch diameter and the  p i p e  below a t  l e a s t  a 4-inch diameter. 

Figure 8-66 shows typ ica l  d e t a i l s  and placement of one type of intake. 
This in take i s  o f f s e t  from the  t i l e  main by two sect ions  of sewer pipe. 



Figure 8-66 Typical details nnd placement of i n t a k e  



12.  CONSTRUCTION 

D The best  planned te r race  system, i f  poorly b u i l t ,  may r e s u l t  i n  the  
farmer being d i ssa t i s f i ed .  Some of the  d i f f i c u l t i e s  of construction can be 
avoided by proper staking and explanation of the  plans and specif icat ions  
with the  contractor and landowner. 

CONSTRUCTION STAKING 

Terraces f a l l  i n t o  two construction categories,  those with a uniform 
or balanced cross sect ion and those requiring cu t s  and f i l l s .  

Balanced Cross-Section Terraces 

The balanced cross-section te r race  i s  one i n  which a l l  ea r th  i s  moved 
l a t e r a l l y  i n  the  cross sect ion and the  borrow a t  each s t a t i on  equals the  
f i l l .  Thus, each cross sect ion i s  balanced a s  f a r  a s  earthrnwing i s  
concerned. 

Figure 8-67 Staking for  balanced sections 

Generally, no construction stakes are  needed for the  balanced cross- 
sect ion te r race  other than the  or iginal  layout stakes. See Figure 8-67. 
One exception i s  for  a t e r race  with a grass back slope using borrow from 
belbw. Here it i s  advisable t o  mark with a plow or other tool  the  points 
alolig t he  t e r race  where t he  maximum cut occurs, which i s  the  toe  of the  
completed back slope. See Figure 8-68. This i s  especia l ly  important for  
new aontractors. 

Figure 8-68 Marking t oe  of grass back slope 



Cut-and-Fill Terraces 

This terrace has cuts and f i l l s  along i t s  length tha t  require ear th 
t o  be moved longitudinally as  well as  la te ra l ly .  It w i l l  have three basic 
types of cross section within i t s  length: the balanced section, the excess 
borrow section, and the excess f i l l  section. 

Balanced Section 
For the balanced section only the layout stakes are  normally required. 

However, since the balanced section occurs among nonbalanced sections, it  
w i l l  be necessary t o  stake the cue. 

Excess Borrow Section 
Where heavy cuts are  required, the cut should be marked on the layout 

stake. A construction stake also may be required, Figure 8-69 shows cut- 
t ing d i rec t ly  beside the layout stake for the uphill  borrow, I f  the cut i s  
so  deep that  no f i l l  or very l i t t l e  f i l l  i s  required for the ridge, a hub 
or blue top should be set on the ridge showing the required height of f i l l .  

Figure 8-69 Location of stakes for excess borrow sections 

A notation should be placed on the layout stakes for  underground 
out let  terraces showing the cut or f i l l  t o  both the completed channel and 
ridge. 

Excess F i l l  Section 
Where large f i l l s  are  required a t  a section, there w i l l  not be enough 

borrow, so borrow must be mwed in. Borrow areas need not be confined t o  
terrace channels. Additional borrow, a s  needed, may be obtained from ad- 
jacent high areas, The amount of cut or f i l l  should be placed on 
the original layout stbkes. (Figure 8-70) 

Brood Bme Grossed 8ucks/ope 
Figure 8-70 Location of stakes for excess f i l l  sections 



D I n  some cases, f i l l  a t  t he  section may be so high as  t o  require  a 
longer than usual f ron t  slope. When t h i s  happens the  or iginal  stake w i l l  
be covered during construction. Therefore, a reference stake should be s e t  
t o  reference both t h e  alignment and grade. See Figure 8-71. 

Figure 8-71 Reference stake 

PRESERVING THE SURVEY 

It i s  necessary on jobs requiring heavy cu t s  and f i l l s  t o  s e t  addi- 
t i ona l  reference stakes t o  preserve the  survey and guide the contractor.  
A hub or temporary bench mark should be established for  each te r race ,  es- 
pecia l ly  when it i s  a storage-type terrace .  They wil l  help rees tab l i sh  the  
survey i n  the  event some of the  stakes a r e  destroyed during construction, 

B 
EARTHMOVING 

In  the  earthmwing process, there  a r e  several  factors  which should be 
considered. These are-the equipment used, the  problem with t r a sh  and vege- 
t a t ion ,  the  saving of topso i l ,  the rough grading and- t h e  f i n i sh  grading. 

Equipment 

There a r e  many types of equipment used t o  b u i l d  ter.races, ranging from 
farm equipment t o  large  earthmoving t r ac to r s  and scrapers. I f  the  t e r race  
has a broad base cross  section and has no ea r th  t o  be moved longitudinally 
along the  t e r race  l i n e ,  a bulldozer, road pa t ro l ,  or disk t e r racer  can be 
used. 

I f  cu t s  and f i l l s  a r e  involved, ea r th  w i l l  need t o  be moved along the  
t e r race ,  and hauling equipment w i l l  work best .  The t r ac to r  and scraper 
best  f i t  these needs. However, i f  length of haul does not exceed 150 feet, 
it may be jus t  a s  economical t o  use a bulldozer. 

Trash and Vegetation 

Trash needs t o  be removed f r m  the  t e r race  base. Vegetation should 
be removed i f  i t  i s  excessive. Otherwise, i t  can be incorporated i n t o  the  
t e r race  base when the  ground i s  scar i f ied .  Trash and heavy vegetation 
otherwise can cause a seepage problem on storage te r races ,  pa r t i cu la r ly  
where f i l l s  a r e  high, the borrow i s  taken from the  downhill s ide ,  and the  

B back s lope  i s  lef t -s teep.  





Savinn Tomoil 

Where cuts are  heavy and unfavorable subsoil w i l l  be exposed, it may 
be desirable t o  save the- topsoil  and respread it over the subsoil areas. 
One method is t o  plow the area where topsoil  i s  t o  be saved, especially 
when the land i s  i n  legume or sod, Then, a dozer can push back the top 
eight inches of so i l ,  The plowing makes i t  easier t o m w e  the topsoil  and 
gives the dozer operator a guide depth. 

It i s  i n  the rough'grading process that  the bulk of the earthmwhg 
i s  done. It i s  Important tha t  the ear th be mwed correctly and eff ic ient ly .  
The rough-in work w i l l  vary considerably between a uniform terrace,  a cut- 
and-fil l  terrace and a grass back slope. 

Balanced Section Terrace 
Most terraces of t h i s  type are roughed i n  with a dozer. It i s  impor- 

tan t  tha t  suff ic ient  cut be made t o  obtain the desired croes section. I f  
it i s  not, the error wil l  probably not be discovered un t i l  a f t e r  the t e r -  
face i s  finished. 

Cut-and-Fill Terrace 
Experience on the part of the contractor i s  the best asset. I n  l i e u  

of experience, the following steps should be helpful. These assume the 
use of a dozer and a t ractor  with a scraper. 

1. Doze the ear th in to  the ridge cm those parts of the terrace which 
have balanced sections. Check the channel cut t o  make sure it i s  
almost correct. Check the cut on the downhill borrow on terraces 
with grass back slopes. 

2. Doze tha t  portion of the ear th which i s  available in to  the ridge 
on those sections where excess f i l l  i s  required. Check t o  see 
that  the specified amount of cut has been made. 

3. Move the excese borrow from the heavy cut areas t o  the excess 
f i l l  6tations. The key t o  t h i s  type of construction i s  t o  build 
or create a guide by borrowing right: down beside the channel 
stakes t o  get the channel 
t o  the exact elevation. f Check c d  of 

This requires checking a t  
each station. Once t h i s  exa 
channel grade has been es- 
tablished, it  i s  easy t o  
see what remains t o  be C U ~  down f0 9dik 
done, and much easier t o  h&i 
determine when the work i s  
done- correctly. This Figure 8-73 Guide for construction 
process gives a f l a t  bot- 
t m  8 or 10 feet  wide which 
i s  easi ly  corrected l a t e r  during the r ea t  of the borrowing. 



8-78 
MAKE ChWPL E TE CHANNEL CU f AS 
REQUIRED, USING NARROW rR€NCH. 

7'hE DWTM OF CUT ALONG THE TREUCH WlL L BE THAT SHOWN AS DEPTH OF CUT AT EACH SO F I: S t A f m -  
?XF EARKW FROM THIS CUT IS PUSHED INTO ERRACE RIDGE WHlCH IS BUIL f ACROSS THE LOW AREAS IN 
W E  FIEL 0 WHERE F /L L IS REQUIRED IN THE TERRACE CONS TRUC TION. 

CWSTRtXT THE SLOPE UPHILL F W  THE CHANNEL. START THE CUT UPHlLL AT EACH STATION AT 4 
DISTANCE DEPTH OF CUT, TIMES 10 PLUS /O FT: THE FIRST CUT WILL BE PUSHED DIAGONALLY 
DOWNHIL L fOWAtW THE f#RT OF THE TERRACE REQUIRING FILL . SUCCESS/ YE W T S  W/L L BE MADE 
BY MOVING OOWNHIL L Uff t I L  S L O W G  IN TERSECTS CHANNEL. 

AFTER THE SLOPING IS COMPLETED ON THE UPHILL SIDE, THE CHANNEL FORESLOPE CAN BE 
PvPOPERLY SLOPED. ANY ADDITIONAL FILL NEEDED TO COMPLETE THF TERRACE CAN BE tAKEN 
FROM THE DOWNHILL SIDE OF THE TERRACE ON UELD RIDGES. 

Y 

COMPL E TZ TERRACE BY DRESSIN6 UP SLOPES WI TH mZER. 

Figure 8-74 Using a dozer t o  build terraces having cuts and fills 



D 
Grass Back Slope 

On t h e  t e r races  with g rass  back slopes,  most of the  borrow w i l l  came 
from t h e  downhill side. A s  much a s  ploseible should be dozed into place. 
When the haul gets too  long, a t r a c t o r  and scraper should be used instead 
of a bulldozer. The r idges  and highs on the  downhill s i d e  of the terrace 
a r e  excel lent  places t o  borrow. Again, save t o p s o i l  i f  necessary. 

Swe contrac tors  have a tendency t o  want t o  use the shor tes t  haul d i s -  
tance instead of using the r idges  and high points  for borrow areas. This 
prac t i ce  w i l l  r e s u l t  i n  a back slope of varying w i d t h  along t h e  t e r r a c e ,  
and t h e  system w i l l  have shor t  rows and poor farmabil i ty.  See Figure 8-75, 

If cuf 1s mud@ .her4 " X I  

disfonce rvou/d be hcr- 
fo '9" cum1i;?9 ucvm w / b .  

Use fi// from A - \ ---- 
\----- 

C Excess FA/ Secf/bn 
-1 

Figure 8-75 Methods of borrow 



Rough Gradinn Check 
The f i na l  s tep  i n  rough grading i s  t o  make sure there  i s  enough ear th  

i n  the ridge t o  bring it up t o  height and cross section, considering 
settlement and compaction. It is  important tha t  the  contractor check the  
ridge for  approximate height before proceeding t o  the  finishing operation. 
On level  terraces  and underground ou t le t  terraces  the ridge should be level  
throughout i t s  length (except i n  those few cases where the  te r race  is  qui te  
long and there  i s  no storage i n  the outer ends of the  terrace).  

FINISHING TERRACE CROSS SECTION 

Finishing i s  usually done with a dozer, but can be done with a motor 
grader. Cut slopes, f ront  slopes and back slopes should be finished t o  . ,  

t h e i r  planned dimensions. Para l le l  terraces  should be finished i n  para l le l ,  
a s  any mistake i n  a l i gmen t  on a te r race  a f f ec t s  two terrace intervals .  See 
Figure 8-76. 

Figure 8-76 Short rows a r e  created when pa ra l l e l  
terraces  a r e  not b u i l t  as  staked. 

SMOOTHING AM) SHAPING 

Land shaping and smoothing of the ground surface between terraces  i s  
an important operation for  a successful t e r race  system. It can be done 
bes t  with a land leveler  or land plane (Figure 8-77). I f  the land i s  not 
smooth, water accumulates i n  low places causing the  rows t o  break and s i l t  
bars t o  form i n  the  te r race  channel, thereby reducing channel capacity. 
Smoothing the  land surface reduces erosion between terraces ,  conserves 
moisture, provides for  be t te r  farming by making it possible t o  grow more 
uniform crops and t o  use modern equipment more e f f ic ien t ly .  

A more uniform job of f e r t i l i z i n g  r e su l t s  on smooth, even f i e l d s  
since the appl icators  a r e  held a t  a constant depth. The plowing operation 
i s  be t te r  since the  shares operate a t  a constant depth and do not sink 
lower i n  wet spots nor come closer t o  the surface on high, hard, dry spots. 
The planter puts the  seed i n t o  the  ground a t  a constant and correct  depth. 
The smooth f i e ld  then provides for  uniform stand, more even growth 
throughout the year, and uniform maturity a t  harvest time. 

A smooth seedbed permits c loser  and more complete cu l t iva t ion  since 
the t r ac to r  and cu l t iva te r  gage wheels are working on a smooth surface. 



8-8 'l 

erraces with a Land ~ ~ v ~ ~ e ~  

Comparison of Smoothed and Rough ~~r~~~~ 

Finishing a Terraced Field with a Land Plane 

Figure 8-77 Equipment for land ~ ~ ~ ~ ~ i ~ g  



When combining close-growing crops,  such a s  soybeans, f i e l d  l o s s  w i l l  be 
reduced because t h e  header bar  can be set lower, Mowing, rak ing ,  harvest-  
ing  or  ba l ing  i s  e a s i e r  and f a s t e r  on a smooth f i e l d .  

A l l  draws and depress ions  should be f i l l e d  e i t h e r  p r i o r  t o  t e r r a c e  
cons t ruc t ion  or  during cons t ruc t ion .  Af t e r  t h e  t e r r a c e s  a r e  b u i l t  t h e  
a rea  between t h e  t e r r a c e s  should be plowed and smoothed t o  e l imina te  a l l  
minor su r face  i r r e g u l a r i t i e s .  The smoothing opera t ion  can b e s t  be done 
with some type of land l e v e l e r  o r  plane. 

INSTALLATION OF UNDERGROUND OUTLET 

Underground o u t l e t s  a r e  u s u a l l y  cons t ruc ted  of r egu la r  f i e l d  d r a i n  
t i l e .  A t  l e a s t  p a r t  of t h e  l i n e  w i l l  be on s t eep  grades and should be in-  
s t a l l e d  as a t i l e  main. (See Chapter 14  of t h i s  manual.) Ex i s t ing  t i l e  
l i n e s  t h a t  a r e  t o  be used a s  o u t l e t s  should a l s o  meet t h e s e  provisions.  

The Underground o u t l e t  used t o  dispose of impounded water from a ter- 
race i s ,  i n  f a c t ,  a mechanical spi l lway through an earthen embankment. In 
order f o r  this sp i l lway t o  funct ion  proper ly  and not  be washed out  proper 
ma te r i a l  s e l e c t i o n  and good cons t ruc t ion  techniques a r e  required.  It i s  
recommended t h a t  t i l e  o u t l e t s  be i n s t a l l e d  one year p r i o r  t o  i n s t a l l i n g  
the t e r r aces .  This w i l l  minimize t h e  p o s s i b i l f t y  of washout along the t i l e  
under t h e  t e r r a c e  r idge  when the  t e r r a c e s  a r e  b u i l t .  

I f  i t  i s  necessary t o  i n s t a l l  t h e  t i l e  o u t l e t  a t  t h e  time t h e  ter-  
r aces  are b u i l t ,  spec ia l  provis ions  should be made f o r  t h e  sec t ion  of t i l e  
through t h e  t e r r a c e  r idge ,  Extra  s t r e n g t h  f i e l d  t i l e ,  sewer t i l e  or 
continuous or  sealed j o i n t  conduit  should be l a i d  under the  t e r r a c e  r idge .  
The s i d e s  of t h e  trench under t h e  r i d g e  should be s loped  before  backf i l l -  
ing. The b a c k f i l l  should be of s e l ec t ed  ma te r i a l  wi th  t h e  proper 'moisture 
content .  The b a c k f i l l  should be placed i n  l a y e r s  not  more than  s i x  inches 
t h i c k  and each l aye r  mechanically compacted. Another accepted method of 
b a c k f i l l i n g  i s  shown i n  Figure 8-78. 



St&p No. 3 - $/ope Bun&@ and 80ckfiY 
Figure 8-78 A nethod of backf i l l ing the  underground conduit trench 

13. FARMING 

LAND PREPARATION 

After the  terracing i s  completed there a r e  ce r t a in  jobs which should 
be done. 

Fe r t f l i z e  the  entire disturbed area, including the  te r race ,  
generally a t  about the  same r a t e  a s  fo r  the  r e s t  of the f ie ld.  

On heavy cuts ,  apply addit ional f e r t i l i z e r  a t  l e a s t  twice the  
rate as for  the f ie ld .  

Seed the  back slope on those te r races  which have steep back 
slopes i n  accordance with recommendations i n  the  Work Unit 
Technical Guide. 

The e n t i r e  terraced area, except the  grass back slope, should 
be plowed t o  loosen the  s o i l  compacted by the  earthmoving 
machinery. The quicker it can be plowed the  be t t e r  since this 



w i l l  give it a chance t o  mellow before preparing the seedbed 
for  the general crop. Since plowing i s  the primary maintenance 
practice, see section on Maintenance for additional comments. 

Where terraces a re  paral le l ,  there i s  l i t t l e  trouble i n  planting. 
I f  the terraces a re  not the  same length, (where one terrace stops and 
another continues) it w i l l  be necessary t o  plant para l le l  t o  the longer 
l ine  i n  or'der t o  keep rows parallel .  This i s  beet done by planting from 
the longer terrace t o  the shorter terrace.  I f  t h i s  i s  not done, point 
rows w i l l  develop. I f  it  I s  not possible t o  plant from the longer terrace 
l ine  toward the shorter, i t  w i l l  be necessary t o  plant paral le l  t o  the 
longer l ine.  

I f  terraces are not parallel, correction areas a re  necessary and these 
require special planting. The short rows should be confined t o  the area 
between the terraces and not on the terrace i t s e l f ,  When planting and cul- 
t ivat ing a correction area it w i l l  be necessary t o  turn on the crop unless 
grass turn s t r i p s  are  provided. Small narrow correction areas a re  best 
l e f t  i n  grass. 

The following sketches show methods of planting when the  spacing between 
terraces changes. The correct method of planting t o  and from a grassed 
ridge i s  a lao shown, 
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Planting correction areas between grassed back slope terraces 

Planting at a grass turn strip - same technique for 
both grassed back slope and broad base sections 

Figure 8-79 Planting grassed back slope terraces 



Figure 8-80 Planting correction areas between broad base terraces 

Figure 8-81 A method of intake protection from machinery by 
maintaining an area of sod around the intake 



14. MA'INTENANCE 

D UMLl EASE TERRACE SYSTEMS 

Terrace capacity can be maintained generally by rout ine  pl.owing. 
There i s r e a l l y  no sa t i s fac tory  way t o  plow te r race  land except with the  
two-way (reversible) plow. With t h i s  plow, s o i l  can be thrown e i t he r  t o  
the r i gh t  or t o  the l e f t  depending upon choi'ce, To maintain the  cross  
sect ion of the  terrace6 and the  te r race  in te rva l  as it was a f t e r  construc- 
t ion ,  most of the  area ehould be plowed uphil l .  

Figure 8-82, exaggerated for  c l a r i t y ,  shows what happene t o  a terraced 
f i e ld  a f t e r  a number of plowings with cmventional plows. Even though the  
dead furrows are shifted from one place t o  another it i s  not possible t o  
avoid throwing s o i l  both downhill and uphil l .  This causes benching of the  
terrace in te rva l ,  

Backfurrow 

By using a one-way plow the p ro f i l e  becomes dished and a f t e r  a number 
of plowings the  terraces  become 'benched' . . . Arrows indicate  direc- 
t i on  d i r t  i s  thrown; the  dashed l i n e  indicates  na tura l  ground level. 

Figure 8-82 Results of plowing with a one-way plow 

With t h e  two-way plow, the f ront  slope of each terrace should be 
plowed toward the ridge. The remaining area from the channel t o  the r i d g e  
of the  next t e r race  generally should be plowed uphil l .  See Figure 8-83. 
This w i l l  tend t o  keep up with any inter- terrace s o i l  movement downslope. 

By using a two-way plow t h e  p ro f i l e  remains almost constant . . . 
Arrows indicate  d i rec t ion  d i r t  i s  thrown; the dashed l i n e  indi-  
cates natural  ground level .  

Figure 8-83 Results of plowing with a two-way plow 



Unfortunately, there  a r e  very few farmers with two-way plows. The 
trend i n  farm machinery i s  t o  larger  t r a c to r s  pull ing 5-, 6-, and 8-bottom 
standard plows. The best  t h a t  can be done with a standard plow i s  t o  plow 
so t ha t  dead furrows do not f a l l  i n  the  same place too often. Either the  
t e r r ace  r idge should be ra ised by backfurrowing each time the  f i e ld  i s  
plowed, or the  channel deepened by dead furrowing. One of these two i s  
necessary. I f  the  t e r race  height or capacity i s  very low, place both a 
dead furrow i n  the  channel and a backfurrow on t he  ridge. This  i s  best 
accamplished with t h e  conventional plow by t he  "Three land method." With 
t h i s  method the area between te r races  i s  divided i n t o  three  "landsw and 
each land i s  plowed separately i n  progressive s teps  as i l l u s t r a t e d  i n  
Figure 8-84, 

TERRACES WITH GRASS BACK SLOPES 

Maintenance of t e r races  with grass  back slopes i s  considerably d i f -  
ferent .  Plowing i s  eas ie r ,  i n  tha t  the  land can be plowed more l i k e  
l eve l  land, one year with t he  dead furrow i n  the  center and the  next year 
with the backfurrow in the  center ,  This w i l l  not maintain t e r r ace  height,  
but w i l l  r e t a i n  t he  general cross sect ion of the  t e r race  in terval .  The 
te r race  r idge w i l l  occasionally have t o  be ra ised by ex t ra  plowing, or by 
construction equipment. See Figure 8-85, 

A c r i t i c a l  area t o  maintain on t h i s  type of t e r race  i s  the  grass  back 
slope. A good sod should be established and maintained. Trees and brush 
growth should be controlled by spraying, or mowing i f  possible. Gophers 
and burrowing rodents should be eliminated from the  slope, The slope 
should be f e r t i l i z e d  occasionally t o  maintain a vigorous sod. 

MAINTENANCE BY HEAVY EQUIPMENT 

A s  farms increase i n  s i z e  and as  farm machinery becomes larger  and 
more special ized ( l e s s  useful  for  t e r r ace  maintenance), maintenance by 
construction machinery i s  both desi rable  and recommended. The road patrol  
i s  an excellent  too l  fo r  t h i s  type of reconstruction. The trend i n  many 
areas i s  for  farmers t o  h i r e  t e r race  maintenance ra ther  than t o  do it 
themselves. 



LAND NO. 3 THE FIRST YEAR 
SECOND YEAR START PLOWING LAND/ 

ARROWS I H D I C A T E  D l R E C T l O N  I N  W H I C H  FURROWS ARE MADE 

WIDTH OF LANO 10. 2 SHOULD BE VARIED EACH PLOWlWG 

Figure 8-84 The three land method of plowing terraces 



-- 
1st YEAR 

First year plowing 

Second year plowing 

Figure 8-85 A method of plowing grass back slope terraces 
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1. Stake line is 14 feet uphill from the completed terrace ridge 
and will be the centerline of completed 'V" channel. 

2. c - cut in channel in feet, measured from the natural ground 
a t  the stake line to the completed channel bottom. 

3. d - depth in feet, measured from the completed channel bottom 
to design height of terrace; 0.25 foot of freeboard allowed 
above design height to extreme height of terrace. 

4. Excavation equals earthfill; in other words, this is a balanced 
cross section, and the cut equals the fill. Cut slope and back 
slope are equal in length; therefore, "c" equals "f." 

Exhibit 8-1 Cut in channel in feet for broad base terraces 



IN CU. FT. P8R L m  FWT 

1% 5 3% 48 % w & lg 1 9  1 9  16$ 18$ 
4' Front slopca 

1. Stomge ehown is  natural storage, rtoragc above natural ground on uphill side of 
the terrace. h e r  not include any r torap  which might rerult frcn excavation. 

2. SL - a l o p  of the land where the terrace in built. 

3. d - depth of  water In the ccnqlstd termce, rrsaaursd fmm the natural ground 
a t  the s t a b l i n e  to  the top of the terrace ridge. 

4, Thir table l o  baed  ent imly on a rtakellne placed 14 ft. uphill from the com- 
pleted terrace ridge. Stated another way, pmk of the terrace ridge is alwaya 
built 14 ft. downhill fkom rtaksllns for both 14' and 28' irontr lops .  

Exhibit 8-2 Natural storage above terrace 
(cu. ft. 11311. ft. ) 



Combined Natural and Excavated Storage in Cubic Feet Per LLnaal Foot 

0.0 0.1 0.2 0.3 0 . 4  0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 .1  .2 .3 .4 .5 .6 . 7  ,8 3.0 

0 . i  L 1 1  1 1  L 1 1  1 1  L 1 A I 1 L 1 1  1 1  1 1 1 ~ 1 1 1 1 1  1 
0.2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  2 
0.3 7 4 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  2 
0 .4  11 7 5 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  3 
0.5 1 6 1 2  8 6 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  4 
0.6 2 2 1 7 1 2  9 7 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  5 
0.7 2 9 2 3 1 8 1 3 1 0  8 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 h  6 
0.8 3 8 3 0 2 4 1 8 1 4 1 1  9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  8 
0.9 4 7 3 8 3 1 2 5 1 9 1 5 1 2 1 0  9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  9 
L.0 57 48 39 32 26 20 16 13 11 10 10 LO 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 LO 
1.1 68 58 48 40 33 27 21 17 14 12 11 11 11 11 11 11 11 11 11 11 11 11 11 11 A1 11 11 11 11 t l  
1.2 80 69 59 49 41 34 28 23 18 16 14 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 
1.3 94 81 70 59 50  42 35 29 24 20 17 15 14 14 14 14 14 14 14 14 14 14 14 14 14 14 L4 14 14 14 
1.4 108 94 82 71 60 51 43 36 30 25 21 18 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 
1.5 123 109 95 83 72 61 52 44 37 31 26 22 20 18 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 co 
1.6 139 124 109 96 84 73 62 53 45 38 32 28 24 2L 20 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 I 

rg 
1.7 156 140 125 110 97 85 74 64 54 47 40 34 29 25 23 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 W 

1.8 175 157 141 125 111 98 86 75 65 56 48 41 35 31 27 24 23 22 22 22 22 22 22 22 22 22 22 22 22 22 
1 .9  1% 175 158 142 126 112 99 87 76 66 57 49 42 37 32 29 26 25 24 24 24 24 24 24 24 24 24 24 24 24 
2 .0  214 195 176 159 143 127 113 LOO 88 77 67 58 51 44 38 34 30 28 26 26 26 26 26 26 26 26 26 26 26 26 
2 .1  235 215 195 177 160 144 128 114 101 89 78 69 60 52 46 40 35 32 30 28 28 28 28 28 28 28 28 28 28 28 
2.2 257 236 216 196 178 161 145 130 115 103 91 80 70 61 54 47 42 37 34 31 30 30 30 30 30 30 30 30 30 30 
2.3 281 258 237 216 197 179 162 146 131 117 101, 92 81 72 63 55 49 43 39 36 33 32 32 32 32 32 32 32 32 32 
2.4 305 281 259 238 217 L98 180 163 147 132 118 105 93 83 73 65 57 51 45 41 38 35 34 34 34 34 34 34 34 34 
2.5 330 306 282 260 239 218 199 181 LM 148 133 119 107 95 84 75 66 59 52 47 43 40 37 36 36 36 36 36 36 36 
2.6 3% 331 306 283 261 240 219 200 182 165 149 135 121 108 97 86 76 68 60  56 49 45 42 40 39 39 39 39 39 39 
2.7 383 357 332 307 284 262 241 221 201 184 167 151 136 122 110 98 88 78 70 62 56 51 47 44 42 41 41 41 41 41 
2.8 412 384 358 332 308 285 263 242 222 203 185 168 152 138 124 111 100 89 80 72 bb 58 S3 49 46 44 43 43 43 43 
2 .9  441 412 385 359 333 309 286 264 243 223 204 184 169 154 139 126 113 102 41 82 74 66 60 55 51 48 46 46 46 46 
3.0 471 442 413 386 360 334 310 287 265 244 224 205 188 171 155 141 127 115 103 93 84 76 68 62 57 53 51 49 48 48 
m s  m - 

; 1. A l l  frontrlopes us  14 fee t .  S t a h l i n e  is 14 feat  uphill  from c a q l a t e d  tarrace ridge and will be the centerline 
of c w l e t e d  chmaat. c - cut i n  ch&-1 i n  fret. 
2. d - depth of water in feet i n  the coqle tud  terraca, maaurad f r a  the c o q l a t e d  chamcl b o t t m  to the top of tha 
tam- ridge. Terrae ridge Lm asmrad to  always ba at th. deaign dapth level ,  oven when c axcaads d .  Cutslope i 8  

6 : l .  
Exhibit 8-3 Terrace storage table 

(sheet 1 of 8) 



C o d i n a d  1P.tur.l .ad BxCrmted Stor- i n  Cubic F e e t  Per Lineal Foot 

0.0 0 .1  0.2 0.3 0 .4  0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 . 0  2 .1  2 .2  2 .3  2.4 2.5 2.6 3.0 

0.1 l l L l l l l l 1 l f l l l 1 1 1 1 1 1 l t L L 1 1 1 l  
0.2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
0.3 4 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
0 .4  7 5 4 3 3 3 9 3 3 3 3 3 3 3 3 3 3 3 5 3 3 3 3 3 3 3 3 3  
0 . 5 1 0 8 6 5 4 4 6 4 4 4 4 4 8 b 4 4 4 4 4 4 4 4 4  
0 . 6 1 3 1 1 8 7 6 5 5 5 5 5 S 5 5 5 5 5 5 5 5 5 5 5 5 5 S 5 5 5  
0 . 7 1 7 1 4 U 9 8 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  
0 . 8 2 2 1 8 1 5 1 2 1 0 9  8 8 8  8 8 8 8 8 8 8 8 8  8 8 8 8  8 8 8 8  8 8  
0.9 2 7 2 2 1 9 1 6 1 3 1 1 1 0 9  9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
1.0 32 27 23 20 17 14 12 11 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
1.1 38 33 28 24 21 18 15 13 12 12 11 11 11 11 I1 11 11 11 11 11 11 11 11 11 11 11 11 11 
1.2 44 39 36 29 25 22 19 16 U 13 13 13 13 13 13 U 13 13 13 13 13 13 13 13 13 13 13 13 
1.3 51 45 40 34 30 26 23 20 18 16 11 14 14 14 14 14 14 14 14 14 14 14 14 L4 14 14 14 14 
1.4 59 52 46 40 35 31 27 24 21 19 17 16 16 16 16 16 16 16 16 16 16 16 16 16 16 I6 16 16 
1.5 67 60 53 47 41 36 32 28 25 22 20 19 18 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 
1.6 75 68 60 54 48 42 37 33 29 26 24 22 20 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 
1.7 84 76 68 61 55 49 43 39 34 31 28 25 23 22 21 21 21 21 Pi 21 21 21 21 21 21 2 t  21 21 
1.8 % 85 77 69 62 56 50 45 40 36 32 29 27 25 23 23 22 22 22 22 22 22 22 22 22 22 22 22 
1.9 104 % 86 78 70 63 57 51 46 41 37 33 31 28 26 25 24 24 24 24 24 24 24 24 24 24 24 24 
2 .0  lL4104 95 87 79 71 64 58 52 47 42 38 35 5 30 28 27 26 26 26 26 26 26 26 26 26 26 26 
2 .1  125 115 105 96 88 80 72 65 59 54 48 44 40 37 34 31 30 29 28 28 28 28 28 28 28 28 28 28 
2.2 136 126 116 106 97 89 81 73 67 60 55 50 45 41 38 35 33 32 30 30 30 30 30 30 30 30 30 30 
2.3 148 157 127 116 107 98 90 82 75 68 62 56 51 47 43 90  37 35 33 32 32 32 32 32 32 32 32 32 
2.4 161 149 138 127 117 108 99 9L 83 76 69 63 58 53 49 45 42 39 37 35 34 34 34 34 34 34 34 34 
2.5 174 162 150 139 128 118 L O 9  100 92 04 7 7  71 65 59 54 50 47 43 41 39 37 37 36 36 36 36 36 36 
2.6 187 175 162 151 140 129 119 110 101 93 86 79 72 66 61 56 52 48 45 43 41 40 39 39 39 39 39 39 
2 .7  201 188 I75 t63 152 141 130 121 111 103 95 87 80 74 68 63 58 54 50 47 45 43 42 41 41 41 41 41 
2.8 216 202 189 176 164 153 142 132 122 113 lOQ % 89 82 75 70 64 60 56 52 49 47 45 44 43 43 43 43 
2 . 9  231 216 203 190 177 U 5  154 143 133 123 1 l4  105 98 90 83 77 71 66 62 58 54 51 49 47 46 46 46 46 
3 .0  246 231 217 2W 191 178 166 155 144 1% 124 1 U  107 99 92 85 79 73 68 a 60 56 54 51 50 49 48 48 

m m S  
1. A l l  frmtrloper u a  14 faet .  Stakeline i s  14 f a s t  uphiil  fraa c q l a t e d  tarrrce ridge and will be the centerline E 0 f c o g i e t . d ~ - 1 .  s - ~ u t i n c h a m e 1 ~ . ~ ~ t .  
2 .  d - h p t h  of wa-r Ln feet  i n  the camplated terr.cs.meuured from c a p l e t e d  channel bottom t o  the top of the terrace 

I ridge. Tettaca rkdge is  &as-d to  alvayr ba at the dsaign depth l e v e l ,  even when c exceed8 d. Cutrlope i m  6 : l .  
I 

Exhibit 8-3 Terrace storage table 
(eheet 2 of 8) 



Colliined Hmtur.1 and ~ x c . v . t e d  Storage i n  Qhic Faot Per Lineal B o o t  

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 3.0 

0.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~  
0.2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
0.3 4 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
0.4 6 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0.5 8 6 5 5 4 4 4 4 4 4 4 4 4 4 4 6 4 4 4 4 4 4 4 4 4 4  
0.6 1 0 8 7 6 6 5 5 5 5 5 5 5 5 5 S S 5 5 5 5 5 5 5 5 5 5  
0.7 1 3 1 1 9 8 7 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  
0.8 1 6 1 4 1 2 1 0 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
0.9 2 0 1 7 ~ 5 1 3 1 1 1 0 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  
1.0 26 21 18 16 14 12 11 10 LO 10 10 10 10 LO 10 10 10 10 10 10 LO 10 10 10 10 10 
1.1 28 24 21 19 17 15 13 12 12 11 11 11 11 L1 11 11 11 11 11 11 11 11 11 11 11 11 
1.2 32 29 25 22 20 18 16 14 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 
1.3 37 33 29 26 23 21 19 17 16 15 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
1.4 43 38 34 30 27 24 22 20 18 17 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 
1.5 48 43 39 35 31 28 25 23 21 20 18 18 A7 17 17 17 17 17 17 17 17 17 17 17 17 17 OD 

0 
1.6 54 49 44 40 36 32 29 27 24 22 21 20 19 19 19 19 19 19 19 19 19 19 19 19 19 19 ro VI 
1.3 60 55 50 45 41 37 33 30 28 26 24 22 21 21 21 21 21 21 21 21 21 21 21 21 21 21 
1.8 67 61 55 50 46 42 38 35 32 29 27 25 24 23 22 22 22 22 22 22 22 22 22 22 22 22 
1.9 74 67 62 56 51 47 43 39 36 33 31 28 27 26 25 24 24 24 24 24 24 24 24 24 24 24 
2.0 81 74 68 63 57 52 48 44 40 37 34 32 30 28 27 26 26 26 26 26 26 26 26 26 26 26 
2.1 88 81 75 69 64 58 54 49 45 42 39 36 34 32 30 29 28 28 28 28 28 28 28 28 28 28 
2.2 96 89 82 76 70 65 59 55 50 47 43 40 37 35 33 32 31 30 30 30 30 338 30 30 30 30 
2.3 1 W  97 90 83 77 71 66 61 56 52 48 45 42 39 37 35 34 33 32 32 32 32 32 32 32 32 
2.4 113105 98 91 84 78 72 67 62 57 53 49 46 43 41 39 37 36 35 34 34 34 34 34 34 34 
2.5 122 114 106 99 92 85 79 73 68 63 59 55 51 48 45 42 40 39 38 37 36 36 36 36 36 36 
2.6 131122114107100 93 86 80 75 69 65 60 56 53 49 47 44 42 41 40 39 39 39 39 39 39 
2.7 140132123ll5108101 % 87 81 76 71 66 62 58 54 51 48 46 44 43 42 41 41 41 41 41 
2.8 150 141 132 124 A16 109 102 95 89 83 77 72 68 63 59 56 53 50 4% 46 45 44 43 43 43 43 
2.9 L61151142133125117110103 96 90 84 79 74 69 65 61 58 55 52 50 b8 47 46 46 46 46 
3.0 171 161 152 143 134 126 118 111 104 98 91 86 80 75 71 67 63 60 57 54 52 51 49 49 48 48 
WOFBS - 
1. All frontrloper u e  14 faet. Stakeline i r  14 feat uphill f r a  coqleted terrmca ridge m d  vill ba tho cmter- 
line of c q l e t e d  chrrmal. c - cut i n  channel in fee t .  
2. d - depth of w t e r  in fact i n  ccmpleted tern-, masurd from cappleted chamel bttm t o  tha top of the terrace 
ridge. Terrme ridge Fa ~~~~d to .I-ye be at the derlgn dapth level, even when c exceed# d. Cutrlop. i 8  6:l. 

Exhibit 8-3 Terrace storage table 

(sheet 3 of 8) 



4% LAW) SLOPE 

Combined Natural and Excavated Storage Ln Cubic Feet Per Lineal Foot 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 .0  2.1 2.2 3 . 0  

0.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 t 1 1 ~ 1  
0.2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
0.3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
0.4 5 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 , s  7 6 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
0.6 9 7 6 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  
0.7 1 1 9 8 7 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  
0.8 1 4 1 2 1 0 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
0.9 1 6 1 4 1 3 1 1 1 0 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  
1.0 20 1 7  15 14 12 11 10 LO 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
1.1 23 20 18 16 15 13 12 12 11 11 L l  11 11 11 11 11 11 11 11 11 11 11 11 11 
1.2 26 24 21 19 17 16 14 14 13 13 13 13 13 13 13 13 13 13 13 1 3  13 13 13 13 
1.3 30 27 24 22 20 18 17 16 15 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 
1.4 34 31 28 25 23 21 19 18 1 7  16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 
1.5 39 35 32 29 26 24 22 20 19 18 18 17 17 17 17 1 7  17 17 17 1 7  17 17 17 17 
1.6 L3 39 36 33 30 27 25 23 22 2 1  20 19 19 19 19 19 19 19 19 19 19 19 19 19 
1.7 48 44 40 37 34 31 28 26 25 23 22 21 21 2 1  21 21 21 21 21 21 21  21 21 21 
1.8 53 49 45 41 38 35 32 30 28 26 25 24 23 22 22 22 22 22 22 22 22 22  22  22 
1.9 58 54 50 46 42 39 36 33 31 29 27 26 25 25 24 24 24 24 24 24 24 24 24 24 
2.0 64 59 55 51 47 43 40 37 35 32 30 29 28 27 26 26 26 26 26 26 26 26 26 26 
2.1 70 65 60 56 52 48 44 41 3 8  36 34 32 31 29 29 28 28 28 28 28 28 28 28 28 
2.2 76 71 66 61 57 53 49 46 42 40 37 35 34 32 31 30 30 30 30 30 30 30 30 30 
2.3 82 77 71 6 7  62 58 54 50 47 44 41 39 37 35 34 33 32 32 32 32 32 32 32 32 
2.4 89 83 78 72 67 63 59 55 51 48 45 43 41 39 37 36 35 34 34 34 34 34 34 34 
2.5 96 90 84 78 73 69 64 60 56 53 50 47 44 42 40 39 38 37 36 36 36 36 36 36 
2.6 103 96 90 85 79 74 70 65 61 58 54 51 48 46 44 42 41 40 39 39 39 39 39 39 
2.7 110 103 97 91 86 80 75 71 67 63 59 56 53 50 48 46 44 43 42 41 41 41 41 41 
2.8 118 111 104 98 92 87 82 77 72 68 64 6L 57 54 52 50 48 46 45 44 43 43 43  43 
2.9 125 118 112 105 99 93 88 83 78 74 69 66 62 59 56 54 52 50 48 47 46 46 46 46 
3.0 1 3 4 1 2 6 1 1 9 1 1 3 ~ 0 6 ~ 0 0  94 89 84 79 75 71 67 64 61 58 56 54 52 50 49 49 48 48 

u - NOTES 
r 1. A 1 1  frontslopee are 14 f e e t .  Stakeline i.8 14 fee t  uphi l l  from completed terrace  ridge and will be the 
II center l ine  of completed channel. c - cut in channel i n  feet.  
L 
.A 2. d - depth of water i n  f ee t  i n  completed terrace ,  measured from completed channel b o t t w  t o  top of ter- 
N 
w race ridge. Terrace ridge i s  areumed t o  always be at the  derign depth level,  even when c exceeds d .  
U Cutslope l a  6: t .  

Exhibit  8-3 Terrace storage t a b l e  

(sheet L o £  8) 



Combined Natural and Excmatad Scoraga in Cubic Feet Per Lineal Foot 

0.0 0.1 0.2 0.3 0.4 0.5 0 .6  0 .7  0 .8  0 .9  1.0 1.1 1.2 1.3 1.4 1.5 1 .6  1.7 1 .8  1.9 2 . 0  3.0 

0.1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0 .2  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
0 .3  3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ' 2 2 2 2 2  
0.4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0.5 6 5 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
0.6 8 7 6 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  
0 . 7 1 0 9 8 7 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  
0 . 8 1 2 1 1 9 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
0 . 9 1 4 1 3 1 1 1 0 1 0 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  
1.0 17 15 14 12 11 11 I0 LO 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
1 .1  20 18 16 15 13 12 12 11 11 11 11 11 11 11 11 11 LL 11 ,I1 11 11 11 
1.2 23 21 19 17 16 14 14 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 
1.3 26 24 21 20 18 17 16 15 14 14 14 14 14 14 $4 14 14 14 14 14 14 14 
1.4 29 27 24 22 21 19 18 17 16 16 16 16 16 16 16 16 k6 16 16 16 16 16 
1 .5  33 30 28 25 23 22 20 19 18 18 17 17 17 17 17 17 17 17 17 17 17 17 I 

1.6 37 34 31 29 26 24 23 21 20 20 19 19 19 19 19 19 19 19 19 19 L9 19 rg * 
1.7 41 38 35 32 30 27 26 24 23 22 21 21 21 21 21 21 21 21 21 21 21 21 
1.8 45 42 38 36 33 31 29 27 25 24 23 23 22 22 22 22 22 22 22 22 22 22 
1.9 49 46 42 39 37 34 32 30 28 27 26 25 24 24 24 24 24 24 24 24 24 24 
2 .0  54 50 47 43 40 38 35 33 31 30 28 27 27 26 26 26 26 26 26 26 26 26 
2 .1  59 55 51 4R 44 41 39 36 34 33 31 30 29 28 28 28 28 28 28 28 28 28 
2.2 64 60 56 52 49 45 43 40 38 36 34 33 32 31 30 30 30 30 30 30 30 30 
2 .3  69 65 60 57 53 50 47 44 41 39 37 36 34 33 33 32 32 32 32 32 32 32 
2.4 74 70 65 61 58 54 51 48 45 43 41 39 37 36 95 35 34 34 34 34 34 34 
2.5 80 75 71 66 62 59 55 52 49 47 44 42 41 39 * 37 37 36 36 36 36 36 
2.6 86 81 76 72 67 63 60 56 53 51 48 46 44 42 41 40 39 39 39 39 39 39 
2 .7  92 87 82 7 7  73 68 65 61 58 55 52 50 48 46 44 43 42 41 41 41 41 41 
2 .8  98 93 87 83 78 74 70 66 62 59 56 54 51 49 48 46 45 44 44 43 43 43 
2 .9  104 99 93 88 84 79 75 71 67 64 61 58 55 53 51 50 48 47 46 46 46 46 
3.0 111 105 100 94 89 85 80 76 72 69 65 62 60 57  55 53 52 50 49 49 48 48 
m s  

II - 
1. A l l  frontmlopes u e  14 fee t .  S t a k n l i ~  La 14 f e e t  uphill  from c q l e t e d  terrace ridge m d  w i l l  be the centerline 

i of completed cb8mml. c - cut in chmnal i n  fmt. 
r 2 .  d - depth of vater in f e e t  i n  c a ~ p l a t e d  terrace, m a m e d  frcm c o q l e t d  c!mmel bottoa to top of tarrace ridge. = Terrace ridge i m  m s m d  t o  a l w v a  be a t  tha derign dmpth l eve l ,  a w n  d e n  c mxccadr d. Cutalopa 14 6: 1. 

0 

-hibit 8-3 Terrace storage table 

(sheet 5 of 8) 



Combined Natural axad Excavated Storage i n  Cubic Feet Per Lineal Foot 

3.0  96 91 87 82 78 74 71 67 64 62 59 57 55 53 52 50 49 49 48 48 48 
NOTES - - 1. A l l  frontslopea are 14 f ee t .  Stakeline i s  14 f ee t  uphi l l  from completed terrace ridge and will be the center- 

i l i n e  of completed channel. c - cut i n  channel in f e e t .  
2 .  d - depth of water i n  feet i n  completed terrace, meamured from complet-ed channel bottom t o  top of terrace = ridge. Terrace ridge is  assumed to alwaye be 8t the design depth l eve l ,  even when c exceeds d. Cutslope La 6:l. 

Y 

Exhibit  8-3 Terrace storage t a b l e  (sheet 6 of 8) 



-inad Natural .gd Exc&v&t.d Stor8ge in Cubic Poet Per Lima1 Foot 

25 24 23 23 22 
27 26 25 25 24 
30 28 27 27 26 
32 31 30 29 28 
35 34 32 31 31 
38 36 35 34 33 
41 39 38 37 34 
44 U 41 39 38 
07 45 44 42 41 
51 49 47 45 44 
% 52 SO 48 47 
58 55 , 5 3  52 'SO 

I m s  - 
C 1. All froatrlowr a m  14 feat. S t a h l i m  i r  14 feet  uphill f r o m  c l e t a d  tart.ce rldga md will be the 

c.ntmrlina of cbaplatsd chamel. c - cut in chamel ii feat .  
- 

u 
M 2. d - depth of water i n  bet tn coeplated terrace, mamured frm c w l e r a d  ch-1 b o t t a  to top of tarraca 
I ridge. Tarrace ridge i 8  u u w d  to alwyr ba 8t tha h i g n  dmpth 1-1, even when c mccwds d. Cutmlope i s  6:l. 
I 

Exhibit 8-3 Terrace storage table 

(sheet 7 of 8) 



Codinad Hatural and Excavated Storage in  Cubic F w t  Per Lineal Foot 

0.2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
0 .3  3 2 2 2 2 2 2 2 2 2 2 2 2 2 
0 .4  4 3 3 3 3 3 3 3 3 3 3 3 3 3 
0.5 5 4 4 h 4 4 4 4 4 4 4 4 4 4 
0.6 6 6 5 5 5 5 5 5 5 5 5 5 5 5 
0 .7  7 7 7 6 6 6 6 6 6 6 6 6 6 6 
0 .8  9 8 8 8 8 8 0 8 8 8 8 8 8 8 
0 .9  10 10 9 9 9 9 9 9 9 9 9 9 9 9 
1.0 12 11 11 10 10 10 10 10 10 LO 10 10 10 10 
1.1 14 13 12 12 11 11 11 11 11 11 11 11 11 11 
1.2 16 15 14 13 13 13 13 13 13 13 13 13 13 13 
1 .3  18 16 16 15 14 14 14 14 14 14 14 14 -14 14 
1.4 20 18 17 17 16 16 16 16 16 16 16 16 16 16 
1.5 22 20 19 18 18 17 17 17 17 17 L7 17 17 17 
1.6 24 23 21 20 20 19 19 19 19 19 19 19 19 19 
1.7 26 25 24 22 22 21 21 21 21 21 21 21 21 21 
1.8 29 27 26 25 24 23 23 22 22 22 22 22 22 22 
1.9 31 30 28 27 26 25 25 24 24 24 24 24 24 24 
2 . 0  34 32 31 29 28 27 27 26 26 26 26 26 26 26 
2.1 37 35 33 32 30 29 29 28 28 28 28 28 28 28 
2 .2  40 38 36 34 33 32 31 30 30 30 30 30 30 30 
2 . 3  43 40 39 37 35 34 33 33 32 32 ' 32 32 32 32 
2 .4  46 43 41 40 38 37 36 35 34 34 34 34 34 34 
2.5 49 46 44 42 41 39 38 37 37 36 36 36 36 36 
2.6 52 50 47 45 44 42 41 40 39 39 39 39 39 39 
2.7 55 53 51 48 47 45 44 43 42 41 41 41 41 41 
2 .8  59 56 54 52 50 48 47 45 44 44 43 43 43 43 
2 .9  62 60 57 55 53 51 50  48 47 46 M 46 46 46 
3.0 66 63 61 58 56 54 53 51 50 49 49 48 48 48 
m s  - 
1.  A l l  frontalopes are 14 fee t .  Stakeline in  14 feet  .upbill  f r a  coapleted terrace ridge m d  v l l l  ba the 
centerline of cmpleted channel. c - cut i n  chmnel i n  feat. 
2. d - dapth of -tar i n  feet  i n  c o q l e t e d  terrace, marured from o m l a t a d  channel bottoo t o  top of tarraca 
ridge. Terrace tidge is  -8-d t o  alvayr be a t  the dadgr! dopth level ,  even d e n  c exceed. d. Cutrlope i r  6 : l .  

Exhibit 8-3 Terrace storage table 

(sheet 8 of 8) 



Acres Droined by Vorious Sizes of Tile 

Space between lines is the range of ti le 
capacity for the size shown between lines 4 

2 I 
Reference:  Yarne l l -  Woodward Formula v = 138 r '3 s '2 U.S.D.A. Bulletin 854 

* V equals velocity in feet per second 

DESIGN DATA 
UNDERGROUND OUTLETS 
FOR GRADED TERRACES 

Exhibit 8-4 Tile design chart for underground outlets 



Orif ice 

Exhibit 8-5 Discharge rates of circular ortfice in c.f.s. 



SLOPE IN INCHES PER 1 0 0  FEET ACRES DRAINED 

R E F E R E N C E  
D L t C n A R O E  B A S E D  on1 

v 1 sari% s'k 
P I C E  F L O W I W ~  CULL , M A M ~ I M O  n1o.018 

EXHIBIT' 8-6 DRAIN CHART - CORRUGATED PLASTIC D M N  TUBING 

U 3. D E P A R T M E N T  O F  AGRICULTURE 
S O I L  C O N S E R V A T I O N  SERVICE 

C M O I ~ E L R I M O  rn W A T E R S I I L O  C L A W W I I I O  U ~ L T  
U P P E R  D A ~ ~ Y  , P E W ~ I Y L V A M I A  

R T  S C  - N E  - ENB. 
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