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NOMENCLATURE 

A = Area (square f ee t )  

a = Intercept of accumulated intake a t  uni t  time 

b = Exponent of time i n  intake equation 

c = Constant i n  intake equation 

Cd = Flow depth conversion fac tor  

C t  = Recession-lag time conversion fac tor  

dl = Depth of flow a t  head of run ( f ee t )  

da = Average depth of flow (feet)  

dn = Normal depth of flow ( fee t )  

E = Field application efficiency (percent) 

F = Accumulated intake (inches) 

Fa = Average depth of intake (inches) 

Fg 
= Gross depth of application (inches) 

Fn = Net depth of application (inches) 

IF = Intake family 

K = S i t e  fac tor  

L = Border length ( fee t )  

Le = Length extension with end blocks ( fee t )  

It = k n g t h  of advance ( fee t )  

n = Raughness coefficient i n  the MaMing equation 

Q = Irr igat ion stream f o r  a border s t r i p  (cubic f e e t  per second) 

= Intake ra te  during the recession-lag period (cubic f e e t  per 
second) 

$ = Flow of water down the border s t r i p  (cubic f e e t  per second) 

9, = Irr igat ion stream per foot  of s t r i p  width (cubic f e e t  per second) 



q = Unit i r r i g a t i o n  stream ( c f s  per 100 square f e e t )  

r = Hydraulic radius 

ri = Intake f ac to r  f o r  runoff prediction 

r = Roughness f ac to r  f o r  runoff prediction n 

s1 = Slope of water surface o r  hydraulic slope ( f e e t  per foo t )  

s = Hydraulic grade ( f e e t  per foo t )  
i 

s = Slope of border s t r i p  o r  i r r i g a t i o n  slope ( f e e t  per foot)  
0 

Ta = Time of application (minutes) 

TL = Recession-lag time (minutes) 

T, = Time required f o r  the ne t  depth of appl icat ion (F,) t o  i n f i l t r a t e  
the s o i l  (minutes) 

To = Intake opportunity time (minutes) 

Tt = Time of advance (minutes) 

V = Volume of water on border s t r i p  (cubic f e e t )  

W = Border s t r i p  width ( f e e t )  
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CHAPTER 4. BORDER IRRIGATION 

Description 

Border i r r i g a t i o n  is  a method of controlled surface flooding. The f i e l d  
t o  be i r r iga ted  i s  divided i n to  s t r i p s  by p a r a l l e l  dikes o r  border 
ridges, and each s t r i p  is i r r iga ted  separately.  Water is  introduced a t  
one end and progressively covers the  e n t i r e  s t r i p .  Three d i f f e r en t  
kinds of border i r r igat ion-- level ,  graded, and guide--are used depending 
on topography, s o i l ,  water supply, and other  fac tors .  Each kind has 
features  t h a t  a re  advantageous under some circumstances and disadvanta- 
geous under others.  I n  planning an i r r i g a t i o n  system f o r  a farm and 
select ing a method of applying water t o  the  s o i l ,  the advantages and 
l imi ta t ions  of each of the three kinds of border i r r i g a t i o n  must be 
considered carefully.  Level, graded, and guide border i r r i g a t i o n  are 
discussed i n  d e t a i l  l a t e r  i n  t h i s  chapter. 

Adaptability 

Border i r r i g a t i o n  is sui ted t o  a l l  crops t h a t  are not  damaged by inunda- 
t ion  f o r  shor t  periods. It can be used with almost any crop i f  s i t e  
conditions are  such t h a t  the needed degree of water control  can be 
obtained. It can be used on nearly a l l  i r r i gab l e  s o i l s  but i s  bes t  sui ted 
t o  s o i l s  whose intake r a t e s  are ne i ther  extremely low nor extremely 
high. 

Layout Considerations 

In  addit ion t o  the  limits on design imposed by hydraulic f ac to r s  (d i s -  
cussed l a t e r  i n  t h i s  chapter f o r  each of the  three kinds of border 
i r r i ga t i on ) ,  design may be limited by p r ac t i c a l  layout and construction 
considerations. The empirical  limits suggested by these considerations 
are not precise,  mandatory requirements, but they are guides f o r  design. 
They should be exceeded only with g r ea t  caution. 

Border S t r i p  Width 

Border s t r i p  widths su i tab le  f o r  any par t i cu la r  f i e l d  depend on (1)  s i z e  
of the available i r r i g a t i n g  stream, (2)  amount of cross slope t h a t  must 



be removed, (3 )  kind of equipment used, and (4)  accuracy of land level-  
ing as  re la ted t o  the normal depth of flow expected. The border s t r i p s  
must be wide enough t o  permit e f f i c i e n t  operation of farm equipment. 
Mowers and rakes, f o r  example, can be operated where there i s  a small 
amount of overlap on passes. Other equipment such as plows, seeders, 
and cu l t iva tors  requires a de f in i t e  width f o r  each pass. The border 
s t r i p  must be wide enough t o  accommodate a t  l e a s t  one pass of a plow, 
seeder, cu l t iva tor ,  e t c . ,  but it i s  desi rable  f o r  the s t r i p  t o  be wide 
enough f o r  an even number of passes. 

A width of about 15 f e e t  is the  p r ac t i c a l  minimum f o r  each s t r i p  on hay 
and grain  f i e l d s .  Narrower s t r i p s  are  s a t i s f ac to ry  f o r  pastures. For 
row crops grow. on l e v e l  border s t r i p s ,  the s t r i p s  usual ly  must be wide 
enough t o  allow f o r  a t  l e a s t  two passes with four-row equipment. 

Maximum width is influenced largely  by the d i f f i c u l t i e s  i n  keeping 
water spread over the en t i r e  width of a s t r i p .  Under normal construction, 
wide border s t r i p s  are expected t o  have grea te r  differences i n  cross 
slope elevation than narrower s t r i p s .  As flow depth decreases because of 
increased slope, minor surface i r r e g u l a r i t i e s  i n  the border s t r i p  may 
cause incomplete water coverage. For t h i s  reason, the  border s t r i p  width 
must be reduced as i r r i g a t i o n  grade increases (see t ab le  4-1). 

Table 4-1.--Recommended maximum border s t r i p  width 

I r r i ga t i on  
grade 

Maximum s t r i p  
width 

Feet per f oo t  

Leve 1 
0.0 -0.001 
0.001-0.005 
0.005-0.010 
0.010-0.020 
0.020-0.040 
0.040-0.060 

Feet - 

Border S t r i p  Length 

Long border s t r i p s  are  ea s i e r  t o  farm than shor t  s t r i p s  because fewer 
turns  by farm equipment are required. Some of the f ac to r s  t h a t  can 
determine the maximum length of run i n  spec i f ic  f i e l d s  are  flow hydrau- 
l i c s ,  f i e l d  boundaries and ba r r i e r s  such as stream ~ h a n n e l s  and drain- 
age ditches,  and changes i n  s o i l  and i n  land slope. Border s t r i p s  
should not be l a id  out across two o r  more s o i l  types t h a t  have d i f f e r en t  
intake charac te r i s t i cs  o r  d i f f e r en t  available water holding capaci t ies ,  
o r  both. Also, border s t r i p s  should not extend across slopes t h a t  d i f f e r  
g r ea t l y  from each other Ir, steepness and length. 



Occasionally, slope, s o i l ,  and hydraulic conditions are such tha t  an 
extremely long run seems feasible.  However, the time required t o  patrol  
long runs and the d i f f i cu l t i e s  i n  determining and making needed adjust- 
ments i n  stream s ize  usually make these runs impractical. Length of run 
i n  excess of a quarter mile seldom is satisfactory. 

Border Ridge Height 

On noncohesive so i l s ,  border ridges with a se t t led  height of more than 
8 inches are d i f f i c u l t  t o  construct and maintain without making them 
excessively wide. Greater heights are pract ical  on some cohesive so i l s ,  
par t icular ly i f  farm equipment does not need t o  be operated across the 
ridges. If  large border ridges are planned, however, special  provisions 
must be made f o r  planting and harvesting of crops, and controlling of 
weeds. Also, it generally is  d i f f i c u l t  t o  wet through border ridges 
tha t  are more than 1 foot  high. In addition, where s a l i n i t y  is  a problem, 
s a l t  can accumulate i n  the ridge crest .  The higher the ridge, the more 
pronounced the s a l t  accumulation is  l ike ly  t o  be. 

Border ridges must be constructed so tha t  crown width is  a t  l eas t  as 
great as ridge height. Side slopes should be no steeper than 2-1/2 
horizontal t o  1 ver t ica l .  On noncohesive s o i l s  the side slopes should 
be no steeper than 3 t o  1. Border ridges a t  the edge of f i e ld  benches 
should be a l i t t l e  wider and higher than those normally required on 
unbenched f i e l d s  . 

Design Considerations 

So i l  Intake Characteristics 

Designs f o r  the border method depend on knowing the intake characteris- 
t i c s  of the s o i l s  t o  be i r r igated.  Although each kind of s o i l  has i t s  
own intake characteristics,  the differences between some s o i l s  are so 
minor that ,  f o r  a l l  p rac t ica l  purposes, several s o i l s  can be considered 
together. For design purposes, almost a l l  s o i l s  can be placed i n  one of 
eight intake groups called intake families. Each family has been as- 
signed a number such as 0.1, 0.3, 0.5, e tc . ,  tha t  represents the ap- 
proximate value of the basic intake ra te  fo r  s o i l s  i n  these families. 
These families are described by equations that  have the general form: 

Table 4-2 gives the values of the parameters a ( intercept  of accumulated 
intake a t  uni t  time), b (exponent of time), and c (constant) f o r  each 
family. 



Table 4-2.--Values of parameters a, b, and c f o r  standard intake 
families 

Figure 4-1 shows the accumulated intake curve f o r  each intake family and 
the range of values associated with each curve. 

Figure 4-1.--Intake families f o r  border i r r iga t ion  design 

Intake character is t ics  associated with border i r r iga t ion  usually are 
measured by cylinder infil trometers.  They also are estimated by measur- 
ing the flow onto a border s t r i p  together with measuring the depth of 
water temporarily stored on the s o i l  surface. For any given time period 
during which water is advancing down a border s t r i p ,  the t o t a l  volume of 
intake i n  the s o i l  is  equal t o  the volume of water run onto the border 
s t r i p  minus the volume temporarily stored on i ts  surface. A ser ies  of 
intake measurements can be compared with those i n  figure 4-1 t o  deter- 
mine the correct intake curve t o  use f o r  design.  oils tha t  crack on 
drying or  i n  which there are extreme differences between profi le  hori- 
zons may require special  intake evaluations. ) 

Most i r r igated s o i l s  can be associated with one of the intake families 
f o r  design purposes. The design procedure is  great ly  simplified by t h i s  
association, f o r  standard charts and tables can then be prepared t o  show 



the intake character is t ics  and design requirements by families. One 
example is the intake opportunity time required f o r  various net depths 
of application f o r  each intake family (see table 4-3). 

Table 4-3.--Intake opportunity time f o r  net depth of application f o r  
each family 

Intake Net depth of application (F,) i n  inches 
family 1 1.5 2 2.5 3 4 5 6 

Minutes 

Roughness Coefficient 

In  the design procedures discussed l a t e r  i n  t h i s  chapter, various forms 
of the Manning equation are used t o  describe the hydraulics of the three 
kinds of border i r r igat ion.  One of the important parameters i n  t h i s  
equation is  the roughness coefficient (n) . This coefficient expresses 
the flow-retardance ef fec ts  of different  hydraulic boundary conditions. 
Some crops retard flow more than others. Height, density, shape, and 
stem s t i f fness  of plants are some factors  tha t  a f fec t  retardance. 
Smooth, bare so i l ,  such as found i n  noncultivated, oil-mulch-treated 
c i t rus  groves, has the lowest hydraulic roughness of any condition 
normally associated with the border method of i r r igat ion.  

b r e  studies are needed t o  define adequately the proper value of n f o r  
different  (1) crops, (2) stages of crop growth, and (3) degrees of 
roughness of the s o i l  surface. Until more information is  available, 
based on f i e ld  experience an n value of 0.04 can be used f o r  smooth, 
bare s o i l  surfaces and also f o r  row crops i r r igated by the level  border 
method. An n value of 0.10 usually is accepted f o r  dr i l led  small grain 
crops i f  the d r i l l  rows run lengthwise of the border s t r i p .  An n value 
of 0; 15 is suggested f o r  a l fa l fa ,  mint, broadcast small grain, and 
similar crops. Dense sod crops and small grain crops tha t  are dr i l led 
across the border s t r i p  can be expected to  have an n value of about 0.25. 

If  design is  limited by a maximum allowable flow depth, a conservatively 
high value of n should be used. On the other hand, i f  the design is 
limited by a minimum allowable stream size,  a conservatively low n value 
should be chosen. 



4-6 

Kinds of Border I rr igat ion 

h v e l  Border 

Water application i s  accomplished by ponding. The border s t r i p s  have no 
slope i n  the direction of i r r igat ion,  and they are closed a t  the ends 
so  the water is retained and absorbed in to  the s o i l .  The i r r iga t ion  
stream must be large enough t o  cover the en t i re  s t r i p  i n  a relat ively 
small proportion of the time required f o r  the s o i l  t o  absorb the desired 
amount of water. The stream is turned off when the desired volume of 
water has been applied t o  the s t r i p .  

Adaptability 
There are almost no crop res t r ic t ions  with level  border i r r igat ion.  I t  
i s  widely used f o r  close-growing crops such as a l f a l f a  and other legumes, 
grasses, small grains, mint, and r ice.  It i s  used f o r  row crops that  
can withstand some inundation, such as sugar beets, corn, grain sorghum, 
and cotton, and f o r  other row crops i f  they are planted on beds so they 
w i l l  be above the water level. I t  also is well suited t o  the i r r iga t ion  
of t ree  crops, grapes, and berries.  

This kind of i r r iga t ion  i s  best suited t o  s o i l s  t ha t  have moderate to  
low intake ra te  ( so i l s  i n  the 2.0 intake family or  l e s s ) .  It i s  the 
best way of applying water t o  s o i l s  t ha t  have an extremely low intake 
rate .  It also can be used on s o i l s  tha t  have a moderately high to  high 
intake rate ,  but border s t r i p  areas may become undesirably small on the 
s o i l s  of higher intake rate .  

Level border i r r iga t ion  is  best suited t o  smooth, gentle, uniform land  
slopes. Undulating or steep slopes can be prepared f o r  t h i s  kind of 
i r r igat ion,  however, i f  the s o i l s  are deep enough t o  permit needed land 
leveling. 

Advantages 
Many different  kinds of crops can be grown i n  sequence without making 
major changes i n  design, layout, o r  operating procedures. High applica- 
t ion  efficiency can be obtained easily.  In fac t ,  so i l s  of low intake 
ra te  tha t  are d i f f i c u l t  t o  i r r iga te  with graded or  guide borders can be 
i r r igated with level  borders a t  an efficiency approaching 100 percent. 
No i r r iga t ion  water i s  los t  by runoff and l i t t l e  by deep percolation, 
and maximum use can be made of ra infa l l .  Leaching operations are made 
easier;  leaching can be done without changing e i ther  layout or method 
of operation. In  addition, leve l  border i r r iga t ion  requires l i t t l e  
labor; it i s  ideal ly  suited t o  mechanization and can be adapted eas i ly  
t o  automation or operated e f f i c i en t ly  by inexperienced workers. 

Limitations 
Limitations are few; however, accurate land leveling i s  generally needed. 
Also, maintenance of a leve l  surface is essential;  such maintenance may 
require changing t i l l a g e  operations or  using special  tools,  o r  both. An 
adequate border ridge height may be d i f f i c u l t  t o  maintain i f  the ridge 



i s  constructed of sandy s o i l  o r  of a f ine-textured s o i l  t h a t  cracks 
when dry. Excessive ponding and possible scalding can occur i f  the  
system is poorly managed. I n  some areas spec i a l  provisions must be made 
f o r  surface drainage. Drop s t ruc tu res ,  l ined di tches ,  o r  pipelines may 
be required f o r  adequate water con t ro l  on s teep  slopes t ha t  require 
benching. Rela t ively  large  i r r i g a t i n g  streams are  needed; i n  some places 
two o r  more turnouts per border s t r i p  must be i n s t a l l ed  so  t h a t  water 
i s  supplied a t  the  needed r a t e  without causing erosion. 

Design Assumptions 
The hydraulic pr inciples  of l eve l  border i r r i g a t i o n  a re  comparatively 
simple. Water is applied t o  one end of the  border s t r i p  a t  a r a t e  t h a t  
w i l i  provide coverage of the  e n t i r e  s t r i p  i n  a r e l a t i v e l y  shor t  time. 
The water i s  then p&ded u n t i l  it i n f i l t r a t e s  the s o i l .  I f  a border 
s t r i p  could be covered instantaneously, a l l  points  on the s t r i p  would 
have the same intake opportunity time. Also, i f  the amount of water 
applied is  l imited t o  the ne t  amount required, it should be possible t o  
ge t  an appl ica t ion e f f i c iency  of 100 percent. It  is, of course, impos- 
s i b l e  t o  ge t  instantaneous coverage of the border s t r i p  area. Tnerefore, 
some pa r t s  of the s t r i p  have a longer intake opportunity time than other  
par ts ,  and e f f i c iency  decreases as  these time di f ferences  increase. 

Studies of the d i s t r i bu t i on  of intake under various rate-of-advance 
curves show t h a t  a border s t r i p  can be i r r i ga t ed  s a t i s f a c t o r i l y  i f  the  
following conditions a re  met: 

1. The volume of water delivered t o  the  border s t r i p  is  adequate t o  
cover the area  of the border s t r i p  t o  an average depth t h a t  i s  equal  t o  
the gross i r r i g a t i o n  applicat ion.  
2. The in take opportunity time a t  the l a s t  point  covered i n  the  border 
s t r i p  is equal  t o  the  time required f o r  the ne t  i r r i g a t i o n  t o  en t e r  the 
s o i l .  
3 .  The longest intake opportunity time a t  any point  on the border s t r i p  
i s  such t h a t  there  i s  no detr imental  deep percolat ion.  
4. The depth of flow i s  no g r ea t e r  than can be contained by the border 
r idges.  

The f i r s t  condit ion r e f e r s  t o  the gross  applicat ion;  the  second con- 
d i t i o n  depends on the ne t  - applicat ion.  The di f ference between the gross 
and the  ne t  appl ica t ions  i s  equal t o  the deep percolat ion i n  the par t s  
of the  border s t r i p  having opportunity f o r  intake i n  excess of the ne t  
i r r i ga t i on .  

Design Equations 
Equations representing the  flow of water on l e v e l  borders are  most 
use fu l  i f  they per ta in  t o  a border s t r i p  1 foo t  wide. On a unit-width 
border s t r i p ,  the volume of water run onto the s t r i p  i s  equal t o  60 
$T, cubic f e e t .  If  the volume is  given i n  inches of average depth over 
the area, volume is wri t ten  as  720 a T a  square feet- inches.  The volume 
run onto the s t r i p  is  equal t o  the volume of intake (F,L~) plus the 
volume of water i n  temporary surface storage (12 d,Lt). From t h i s  



relationship a r a t e  -of -advance equation can be developed. 

Equation 4-2 is valid when the time of application (T,) equals o r  
exceeds the advance time ( Tt) . I f  the water is turned off before the 
advancing f ron t  has reached the end of the border s t r i p ,  the actual  
r a t e  of advance may be s l i gh t ly  slower than indicated. 

The average depth of intake (F,) can be developed most ea s i ly  f o r  a 
condition of uniform ra te  of advance. Likewise, the average depth of 
flow (da) , or  the average depth of surf ace storage, can be calculated 
most readi ly  f o r  a condition of flow over an impervious surface. Since 
the ra te  of advance is curvil inear rather than l inear ,  however, the 
average depth of intake is  underestimated. On the other hand, the aver- 
age depth of surface storage correspondingly is  overestimated. The 
indicated surface storage depth is  greater than the ac tua l  surface 
storage depth because par t  of the water i n f i l t r a t e s  the s o i l  during 
advance. Since the two terms are combined, the e r rors  involved are 
compensating and, therefore, do not s ign i f ican t ly  a f f ec t  the overal l  
resu l t s .  

The general equation f o r  accumulated intake of water i n to  a s o i l  can be 
writ ten: 

Therefore, when advance is assumed t o  vary l inear ly  with time, the 
average depth of water t h a t  i n f i l t r a t e s  the s o i l  i n  the time (Tt) re -  
quired f o r  the advancing f ron t  t o  reach a point L t  f e e t  from the head 
of the border s t r i p  can be obtained by integrating equation 4-3 
between the l i m i t s  of T t  and zero and then dividing by T i .  Thus, 

The maximum and average depth of water on an impervious leve l  border 
s t r i p  a t  any time during the advance period can be computed on a quasi- 
ra t iona l  basis  using the Manning equation: 



In level  border flow, considering a unit-width s t r i p ,  A = d l  and r = dl, 
the hydraulic slope ( s l) equals d l /~t .  The ref ore, 

However, the volume of water run onto the border s t r i p  is equal t o  the 
average depth of surface storage times the length of advance. Therefore, 

Combining equations 4-7 and 4-8 

Empirical studies have shown that  on an impervious leve l  surface the 
average depth of flow of an advancing stream is approximately 80 percent 
of the maximum depth, or  da = 0.80 dl. Substituting t h i s  value i n  equa- 
t ion  4-9: 

And the average depth is only 0.8 as  great, or: 

da = 1.55 n 0.3750 Q 0.5625 T 0.1875 
u a (a* 4-12) 



If  Tt is considered t o  be equal t o  Ta and equations 4 - 4  and 4-12 are 
combined with equation 4-2, the length of advance (L~) can be related 
t o  the time of advance (Tt) f o r  a given s o i l  having intake parameters 
( a ) ,  (b) , and (c )  ; a given stream size ( G )  ; and a given roughness 
coefficient (n) as follows : 

Gn a leve l  border the water theoret ical ly  disappears from the en t i re  
surface a t  the same instant  of time. Therefore, the t o t a l  intake oppor- 
tuni ty  time (To) a t  any point can be estimated by adding the time 
required f o r  the net i r r iga t ion  t o  enter  the s o i l  (Tn) and the time 
required t o  cover the t o t a l  length of run (Tt-total) and subtracting 
the time of advance t o  the point (Tt-point) . 
Figure 4-2 shows the advance curve, the intake opportunity time a t  each 
100-foot s ta t ion,  and the average intake opportunity time f o r  a 3-inch - - 

net application on a 1.0 familfsoi l .  

2 3 4 
Advance Distance - 100 feet 

Figure 4-2.--Typical advance curve with computation of average intake 
opportunity time 

The intake character is t ics  of a s o i l  i n  the 1.0 family are represented 
by the equation F = 0.0701 + 0.275 (see table  4-2) . If  t h i s  
equation i s  solved f o r  the average intake opportunity time of 154 
minutes, shown i n  figure 4-2, the average intake i s  3.93 inches. This, 
then, is  the gross average depth of water ( F ~ )  t ha t  must be applied t o  
get  a 3-inch net depth of intake a t  the l a s t  point i n  the border s t r i p  
tha t  is covered by water. 



The design efficiency (E) i s  100 times the r a t i o  of net depth of appli-  
cation (F,) t o  gnws depth of application (F~) : 

In  figure 4-2, the design efficiency is LOO x 3.0/3.93 = 76 percent and 
the r a t i o  of (Tt) t o  (T,) is 82/106 = 0.774. Similar computations f o r  
various net depths of application and unit-width stream sizes  have been 
made f o r  each of the eight intake families. The computations show tha t  
design application efficiency is closely related t o  the r a t io  of Tt t o  
Tn and can be estimated sa t i s fac tor i ly  from the curve shown i n  figure 
4-3. 

Ratio T to Tn 
t 

Figure 4-3.--Chart f o r  estimating efficiency of leve l  border i r r iga t ion  



Table 4-4 has been developed from f igure  4-3. 

Table 4-4. --Ratio of T t  t o  Tn f o r  various e f f i c iency  values 

Efficiency Tt t o  Tn 

Percent Ratio 

I f  the  appl ica t ion e f f i c iency  i s  hown o r  i s  assumed, the gross app l i -  
ca t ion  can be determined from the equation: 

( E q .  4-15) 

The required time of appl ica t ion (Ta) --the time required t o  apply the 
gross appl ica t ion onto the  border str ip--can be computed as  

o r  as: 

Note t h a t  the time of appl ica t ion may be g rea te r  o r  l e s s  than the time 
of coverage. 

Design Limitations 
I n  theory, maximum depth of flow and maximum deep percolat ion both 
occur a t  the  point  where water i s  introduced onto a l e v e l  border s t r i p .  
For any given s e t  of s i t e  conditions, the  depth of flow var ies  d i r e c t l y  
and the amount of deep percolat ion var ies  inversely  with i r r i g a t i o n  
stream s i z e  per f oo t  of border s t r i p  width (Q~). Thus, i f  a limit is  s e t  
on depth of flow, the only way t o  reduce deep percolat ion i s  t o  shorten 
the  length of the border s t r i p .  I f  limits a re  s e t  f o r  both depth of flow 
and deep percolat ion,  then the  design l i m i t  f o r  length is determined. 



M a x i r w  Depth of Flow. --Flow a t  the head end of leve l  border s t r i p s  
must not exceed some pract ical  depth related t o  the construction and 
maintenance of border ridges. Thus, an i r r iga t ion  stream tha t  can pro- 
duce flow depth i n  excess of about 6 inches generally i s  inadvisable. 
Greater depth may be prac t ica l  under special  conditions, but depth of 
flow i n  excess of 8 or 10 inches seldom should be considered. Figure 
4-4 can be used t o  estimate the depth of flow expected i n  levelborders;  
it is  a graphic solution of equation 4-11 with a roughness coefficient 
(n) of 0.15. Depth of flow associated with other values of n can be 
determined by multiplying the values represented i n  figure 4 4  by the 
appropriate conversion factors  shown i n  the upper l e f t  corner of the 
chart .  

Deep Percolation.-Since a l l  the difference between net and gross ir- 
rigation applications Is los t  t o  deep percolation, it is desirable t o  
l imit  t h i s  difference as much as possible. On many s i t e s  excess deep 
percolation causes acute drainage problems. To avoid t h i s  condition, 
the design efficiency usually should not be less  than about 80 percent. 
Figure 4-3 shows tha t  an 80 percent efficiency can be obtained i f  the 
time required t o  cover the border s t r i p  is  not more than 60 percent of 
the time required f o r  the net application t o  enter the s o i l .  A design 
efficiency of less  than 70 percent i s  considered only f o r  s o i l s  having 
excellent in te rna l  drainage. On s i t e s  where i r r iga t ion  water supplies 
are limited or costly, where subsurface drainage problems are acute, o r  
where crops can be damaged by prolonged surface flooding, design e f f i -  
ciency i n  excess of 90 percent often i s  practical.  

Construction Requirements 
Land Leveling. --Although level  borders are described and designed as 

-- 

flat-bottomed basins, there are reasons t o  ,justify variations i n  con- 
struction. F i r s t ,  it- i s  d i f f i c u l t  t o  c o n s t r k t  and maintain a perfectly 
leve l  land surface. Normal land leveling techniques do well t o  limit 
variations t o  0.1 foot i n  the finished land surface. If leveling f o r  a 
leve l  border is staked as a level  plane, the constructed land surface 
can contain low areas tha t  are subject t o  excessive deep percolation or  
prolonged flooding that  may damage crops. Also, the constni'cted land 
surface can contain reverse grades i n  the direction of i r r igat ion.  These 
reverse grades can retard the ra te  of advance and reduce application 
efficiency t o  considerably below design efficiency. To help avoid these 
conditions, f i e l d s  can be staked f o r  leveling with a s l igh t  grade i n  
the direction of i r r igat ion.  However, the t o t a l  f a l l  i n  the length of 
the border s t r i p s  cannot be more than about one-half the net depth of 
application used as a basis f o r  design. No ad justrnent is made i n  the 
design t o  compensate fo r  such s l igh t  grades. 

Border furrows.--In addition to, or  i n  l i eu  of, staking f i e l d s  f o r  a 
s l igh t  slope i n  the direction of i r r igat ion,  large furrows can be con- 
structed and maintained on each side of the border ridges. The furrows 
help t o  speed ra te  of coverage of the border s t r i p  and t o  reduce depth 
of flow and deep percolation adjacent to  the turnouts. These channels 
also f a c i l i t a t e  removal of excess r a i n f a l l  o r  i r r iga t ion  water. 



* Qu = border length in 100' x q -r 

Application Time - (T,) minutes 

Figure 4-4.--Chart f o r  estimating depth of flow i n  l eve l  borders with n of 0.15 



Drainage faci l i t ies . - -After  an accidental overirrigation or  periods of 
heavy ra in fa l l ,  it may be necessary t o  drain excess water from leve l  
borders. The f a c i l i t i e s  needed are- determined by how of ten such drainage 
may be needed. Surface drains usually are needed on s o i l s  of low intake 
ra te  or i n  areas subject t o  heavy summer rainstorms, o r  both. It is  
advisable t o  provide them f o r  leve l  borders on a l l  s o i l s  i n  the 0.1 
intake family and, i n  high r a i n f a l l  areas, on s o i l s  i n  the 0.3 and 0.5 
intake families. Under some circumstances they may be needed on s o i l s  of 
higher intake rate .  

Turnouts.--Erosion on f i e l d s  with leve l  borders generally is not a prob- 
lem. However, where velocity of the i r r iga t ion  stream turned onto a 
border s t r ipr is  i n  excess of about 3 f e e t  per second, potholes o r  scour 
areas may develop adjacent t o  the turnouts. This poss ib i l i ty  is  not a 
l imitation t o  design, but it does indicate a need f o r  designing or  se- 
lecting turnout structures tha t  have a low velocity discharge ra te  o r  
energy dissipation features.  

Border Ridges.--Border ridges should be constructed so  that crown width 
is  a t  l eas t  as great  as ridge height. The ridges can be bu i l t  up so tha t  
they have a se t t led  height a t  l eas t  equal t o  the greater  of (1) the 
design gross depth of application (F ) o r  (2) the design maximum depth f of flow (dl) plus 0.15 foot. If  the ime of application ( T ~ )  exceeds the 
time of advance ( T ~ ) ,  the water depth on the border s t r i p  can exceed the 
m a x i m  depth of flow (dl) as computed according t o  equation 4-11. 

D e s i ~ n  Procedure 

In preparing leve l  border i r r iga t ion  layouts, the designer must know the 
intake character is t ics  of the s o i l ,  must select  a roughness coefficient 
value (n) tha t  is  appropriate f o r  the crops t o  be i r r igated,  and must 
se lec t  the net depth of application (Fn) t o  be used as a basis f o r  de- 
sign. He then must determine one o r  more of the following: 

1. Length of run tha t  can be i r r igated with a given stream s i ze  a t  a 
given efficiency. 
2. Stream size needed t o  i r r iga te  a given length of run a t  a given 
efficiency. 
3 .  Maximum flow depth expected i f  using a given stream size  and length 
of run tha t  can be i r r igated with tha t  stream a t  a given efficiency. 
4. Allowable stream size and related length of run a t  a given efficiency 
f o r  a given maximum depth of flow. 

Length of run (L) can be found f o r  any given stream s ize  (Q) and e f f i -  
ciency (E) by d i rec t  solution of equation 4 - U .  The time ( T ~ )  required 
f o r  the i n f i l t r a t i o n  of the desired net application (F,) and the con- 
s tan ts  a, b, and c can be determined from the s o i l  intake curve. Then the 
allowable advance time ( T ~ )  f o r  any desired efficiency can be computed 
by multiplying T, by the appropriate Tt t o  Tn r a t i o  from figure 4-3 or 
table 4-4 .  



A similar solution f o r  the stream s ize  ( Q ~ )  needed f o r  a given length 
of run (L) and efficiency (E) is not possible. A trial-and-error proce- 
dure must be used. 

The depth of flow expected with a given stream s ize  (%), efficiency (E) ,  
and related length of run (L)  can be estimated by reference t o  figure 
4-4. The application time (Ta) can be determined from equation 4-17. 

The allowable stream s i ze  f o r  a given maximum depth of flow (dl) cannot 
be determined direct ly .  A-trial-and-error procedure must be used. 

Design Charts 
To simplify design procedure and eliminate t r i a l  and er ror  solution of 
equations, a ser ies  of design charts have been prepared. Each chart is 
f o r  a single intake family ( I ~ ) ,  a single roughness coefficient (n) ,  
and a single net  depth of application (F,). These charts f o r  n values 
of 0.04, 0.15, and 0.25 are i n  appendices A, B, and C. 

The design charts show relationships between the length of run, stream 
size,  depth of flow, and time of application f o r  any given or assumed 
efficiency. Figure 4-5 is a sample chart f o r  an 0.15 n value, a 0.5 
intake family, and a 3-inch net depth of application. 

These charts are versat i le .  Almost any known or  assumed value(s) can be 
the basis f o r  design. If  a f i e l d  has border s t r i p s  750 f e e t  long, f o r  
example, an i r r iga t ion  stream of 0.071 cfs  per foot of s t r i p  width i s  
needed f o r  85 percent efficiency, 0.118 c f s  f o r  90 percent efficiency, 
and only 0.043 c f s  f o r  80 percent efficiency. 

Based on the stream s ize  required fo r  85 percent efficiency, the maxi- 
rmun depth of flow is 0.45 foot.  If  the design requirement is a maximum 
flow depth of 0.45 foot,  the design can s t a r t  a t  t ha t  point and the 
chart can be used t o  determine the maximum length of run and the required 
stream size f o r  any desired efficiency. For the 85 percent efficiency 
shown i n  figure 4-5, the time of application is 52 minutes. With a stream 
of 0.043 cfs  needed f o r  an efficiency of 80 percent, the time of appli- 
cation is 91 minutes. 

Graded Border 

This is a balanced advance-and-recession kind of water application. The 
border s t r i p s  have some slope i n  the direct ion of i r r iga t ion ,  and the 
ends usually are not closed. Each s t r i p  i s  i r r igated by turning i n  a 
stream of water a t  the upper end. The stream s ize  must be such that  the 
desired volume of water is  applied t o  the s t r i p  i n  a time equal to, or 
s l ight ly  l e s s  than, tha t  needed f o r  the s o i l  t o  absorb the net amount 
required. When the desired volume of water has been delivered on t o  the 
s t r i p ,  the stream is  turned off .  The water temporarily stored on the 
ground surface then moves on down the s t r i p  and completes the i r r iga -  
t ion. Uniform and ef f ic ien t  application of water depends on the use of 
an i r r iga t ion  stream of the proper s ize.  Too large a stream resul ts  i n  
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Figure 4-5.--Sample design cha r t  f o r  l e v e l  border i r r i g a t i o n .  



inadequate i r r iga t ion  a t  the upper end of the s t r i p  or i n  excessive 
surface runoff a t  the lower end. If  the stream i s  too small, the lower 
end of the s t r i p  is  inadequately i r r igated or  the upper end has exces- 
s ive deep percolation. 

Adaptability 
This kind of i r r iga t ion  is sui table  f o r  a l l  close-growing, noncultivated, 
sown or  dr i l led  crops, except r ice  and other crops grown i n  ponded water. 
Legumes, grasses, small grains, and mint are commonly i r r igated by t h i s  
method. It also is used t o  i r r iga te  orchards and vineyards. 

Graded border i r r iga t ion  can be used on most so i l s .  It is, however, best 
suited t o  so i l s  with a moderately low t o  a moderately high intake ra te  
(0.5 through 3.0 intake families).  I t  i s  seldom used on coarse sandy 
s o i l s  of extremely high intake r a t e  because of design limitations. Also, 
it is  not well suited f o r  use on s o i l s  of extremely low intake ra te  
since, t o  provide adequate intake time without excessive surf ace runoff, 
the i r r iga t ing  stream may be too small t o  cover the border s t r i p  com- 
pletely.  

Graded border i r r iga t ion  is best suited t o  slopes of l e s s  than 0.5 per- 
cent. I t  can be used successfully on steeper slopes i n  areas where ero- 
sion from r a i n f a l l  is  not a hazard i f  the s o i l  intake ra te  is not too 
low. For nonsodfomning crops, t h i s  method i s  seldom used on slopes 
steeper than 2 percent. It can be used on slopes of 4 percent or  steeper 
f o r  the i r r iga t ion  of sod crops i f  climatic conditions or  supplementary 
i r r iga t ion  methods can be depended on t o  establ ish good crop stands. On 
steeper slope's, border s t r i p s  must be leveled carefully and a l l  cross 
slope eliminated . 
Advantages 
Field application efficiency is good t o  excellent i f  the border s t r i p s  
are designed and instal led properly and water management practices are 
followed. Labor requirements are low, and border s t r i p  dimensions can 
be designed f o r  e f f ic ien t  operation of t i l l i n g ,  planting, and harvesting 
machinery. Within broad l imits ,  border s t r i p s  can be designed f o r  ir- 
rigation grades that  minimize land leveling costs. In areas where sur- 
face drainage is  c r i t i c a l ,  graded borders provide an excellent means f o r  
removing excess surface water rapidly. 

Limitations 
The use of graded borders is  limited by the need f o r  (1) complete e l i -  
mination of-cross slope where s o i l  intake character is t ics  o r  i r r iga t ion  
grades or  both require small i r r iga t ing  streams; (2) topography that  is  
re la t ive ly  smooth or  s o i l s  t ha t  are deep enough t o  permit adequate 
leveling; and (3)  considerable s k i l l  i n  i r r igat ing,  and ski l led i r r iga -  
to r s  who often are not readily available. 

Design Assumptions 
The hydraulic character is t ics  of graded border i r r iga t ion  are not com- 
pletely known. Therefore, it is not possible t o  develop a completely 



rat ional  design procedure u n t i l  these character is t ics  have been more 
adequately determined. If cer tain empirical hydraulic relationships are 
assumed valid, however, a ra t iona l  or  quasi-rational design i n  accord 
with relationships between s o i l  intake, stream size,  border area, and 
application depth can be developed. 

On s i t e s  sui table  f o r  graded border i r r igat ion,  advance-and-recession 
curves w i l l  be reasonably well balanced and the area i r r igated s a t i s -  
f ac to r i ly  i f  these two conditions are met: 

1. The volume of water delivered t o  the border s t r i p  is adequate t o  
cover it t o  an average depth equal t o  the gross i r r iga t ion  application. 
2. The intake opportunity time a t  the head of the border is equal t o  
the time necessary f o r  the s o i l  t o  absorb the net i r r iga t ion .  

The f i r s t  condition refers  t o  the gross application; the second condi- 
t ion  depends on the - net application. The r a t i o  between the net and the 
gross applications ( f i e ld  efficiency) must be estimated f o r  conditions 
of the s i t e  under consideration. Also the proposed design procedure 
must be restr ic ted t o  s i t e s  sui table  f o r  graded border i r r igat ion.  Rn- 
p i r i c a l  limits of s i t e  adaptation and guide information on design ef- 
ficiency are given i n  table 4-12 on page 4-33. 

Design Equations 
I The volume of water (v) needed t o  cover a 
I 

an average depth equal' t o  the gmss depth 
sa t i s fy  the f i r s t  condition can be stated 

where 

The ref ore, 

border s t r i p  1 foot  wide t o  
of application ( F ~ )  and t o  
as follows: 

Recession does not s t a r t  immediately a f t e r  the desired volume of water 
has been introduced t o  the head of the border s t r i p .  The time from the 
moment inflow is shut off u n t i l  the impounded water has drained away 
from the head of the s t r i p  i s  know-n as the recession-lag time (TL). For 
the intake opportunity time (T,) t o  equal the time required f o r  the s o i l  
t o  abeorb the net i r r iga t ion  (T,) a t  the head of the s t r i p ,  the time 
required t o  introduce the necessary volume of water is equal t o  (T,) 
minus TL. Therefore, t o  sa t i s fy  the second condition: 



Equating volumes f o r  both conditions: 

In  equation 4-23b, the factors  L and Fn usually are given. Tn, the time 
required f o r  i n f i l t r a t i o n  of the net depth of application (F,), can be 
determined i f  the intake character is t ics  of the s o i l  i n  the design area 
are known. However, approximating methods o r  estimates must be used t o  
establ ish the values of TL and E. The values of these factors  may be 
estimated using figure 4-7 f o r  lag time and table  4-12 f o r  efficiency. 

Relationship t o  Unit Stream Concept 
The concept of a uni t  stream i n  bonier i r r iga t ion  design was introduced 
about 1956. A t  that  time, a uni t  stream was-defined as-the stream re-  
quired f o r  each 100 f e e t  of border s t r i p  1 foot wide ( q ) .  The basic as- 
sumption of t h i s  concept i s  tha t  i r r iga t ion  stream s ize  is d i rec t ly  
proportional t o  border s t r i p  area. Under t h i s  assumption--once the 
proper uni t  stream i s  determined f o r  a given slope, s o i l ,  and depth of 
application--the actual  i r r iga t ing  stream f o r  any s e t  of border s t r i p  
dimensions i s  merely the product of the uni t  stream and the number of 
uni t  areas i n  the s t r i p .  

The uni t  stream concept s t i l l  seems valid.  But the theoret ical  uni t  
stream needed t o  sa t i s fy  intake requirements must be increased t o  com- 
pensate f o r  lag i n  the s t a r t  of recession. This increase is  greatest  on 
very gentle slopes and generally has no pract ical  significance on slopes 
over 0.4 percent. If the uni t  stream (q) is considered as the flow tha t  
supplies an average depth of Fn inches t o  an area 1 foot  wide and 100 
f e e t  long i n  time Tn, the uni t  stream can be computed as: 

The i r r iga t ion  stream required per foot  of border s t r i p  width then can 
be considered as: 



By comparing equations 4-23b and 4-25, it can be seen tha t  the s i t e  
factor  ( K )  is  the r a t i o  of the required intake opportunity time t o  the 
required i r r iga t ion  application t i m e .  

'P 

Recession-Lag Time 
I f ,  i n  equations 4-24, 25, and 26, the values of Tn and TL are known o r  
can be approximated, the relationship between L and Qu can be deter- 
mined f o r  any assumed value of E. The intake time ( T ~ )  corresponding t o  
the required net depth of application ( F ~ )  can be taken d i rec t ly  from 
the design intake curve f o r  the s i t e .  The recession-lag time (TL) can 
be considered as the time required t o  drain the water stored above the 
elevation of the upper end of the border s t r i p  a t  a ra te  equal t o  the 
just  terminated ra te  of application. 

A s  shown i n  figure 4-6, the recession volume (lined triangular area) 
can be computed : 

Recession volume = (dl/2) (d 1 1  /S ) = d12/2s1 ( ~ q .  4-27) 

Figure 4-6.--Diagram of recession-lag time 

If it is assumed tha t ,  within the recession-lag time, the depth of flow 
a t  the lower end of the reach (dl/sl) remains v i r tua l ly  unchanged, the 
flow (%) moving downstream then remains unchanged. The intake ra te  
( Q ~ )  also can be expected t o  remain nearly constant during the recession- 
lag period. Therefore, it also can be assumed tha t  the t o t a l  outflow 
draining the recession volume i s  Qi plus &, or &. The recession-lag 
time can be computed as : 



Flowa t  Normal Depth.--Assuming tha t  water flows a t  normal depth i n  the 
border s t r i p ,  i .e . ,  so = sl, the depth dn i s  related t o  Q, and slope as 
indicated by the Manning formula: 

Also, i f  equation 4-29 i s  combined with equation 4-28, the recession- 
lag time can be related t o  %, so, and n as follows: 

'I' u 
L = 

120(1.486/n) lw2 So 1.6 

Figure 4-7 is  a graphic solut ion of equations 4-29 and 4-30 when the 
Manning roughness coeff ic ient  (n) equals 0.15. Depth of flow and reces- 
sion-lag time associated with other values of n can be determined by 
multiplying the values i n  f igure  4-7 by the appropriate conversion 
fac tors  i n  table 4-5. 

Table 4-5.--Conversion fac tors  f o r  depth of flow and recession-lag 
time f a r  various roughness coeff ic ients  

Roughness coefficient 
( 4  

Flow depth 
(c,) 

Recession-lag time 
(c t )  

On s teep slopes flow approaches normal depth a t  the upper end of the 
border s t r i p  within a re la t ive ly  short  advance period. On more gentle 
slopes, however, flow may not reach normal depth within the required 
i r r i ga t ing  period. The recession-lag times and depths shown i n  f igure  
4-7, therefore, represent maximum values. 

Flow a t  Less Than Normal Depth.--Estimates of flow depth and recession- 
lag time f o r  low-gradient borders--where flow may not reach normal 
depth--are made by developing approximate water surface prof i les  f o r  
advancing streams. For developing these prof i les ,  it is  prac t ica l  t o  
assume tha t  a t  any ins tan t  the f r i c t i o n  slope i n  the Manning equation is 
equal t o  the i r r i ga t ion  slope, plus the depth of flow a t  the upper end 
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Figure 4-7. --Depth of flow and recession-lag time i n  graded border 
i r r i g a t i o n  



of the  border s t r i p  divided by the distance the stream has advanced up 
t o  t ha t  pa r t i cu la r  ins tan t .  Thus, 

s1 = so + d l / ~ t  (Eq. 4-31) 

and 

The water surface p rof i l es  f o r  given values of stream s i ze  (Q), i r r i ga -  
t i o n  slope ( so ) ,  and roughness coeff ic ient  (n)  are  developed by assuming 
a s e r i e s  of hydraulic slopes (sl) and computing dl, dl&, and Lt as 
i l l u s t r a t e d  i n  sample calcula t ion 4-1. The p ro f i l e s  then can be related 
t o  time by summing the  (A%)da  values t o  obtain vplume and dividing 
volume by the  r a t e  of application t o  obtain re la ted time of application: 

(Eq. 4-33) 

The recession-lag time corresponding t o  each assumed hydraulic slope 
value (sl)  can be computed using equation 4-28. The recession-lag time 
value then can be plot ted against  the intake opportunity time (To) and 
tabulated t o  provi'de a means of estimating TL f o r  any given border s t r i p  
slope, unit-width stream, and required intake opportunity time. Table 
4-6 is a design tab le  developed f o r  roughness coeff ic ients  (n)  of 0.04, 
0.15, and 0.25. 

The depth of flow t o  be expected a t  the upper end of a low-gradient 
border s t r i p  can be estimated f o r  any given unit-width stream and re -  
quired intake opportunity time (see table  4-7). The normal depths of 
flow and recession-lag times shown i n  f igure  4-7 can be used as a bas is  
f o r  designing border s t r i p s  on slopes over 0.4 percent (0.004 f e e t  per 
f oo t )  without introducing any appreciable e r r o r  (see  t ab les  4-6 and 4-7). 
I n  f ac t ,  f o r  the  steeper slopes the  recession-lag time is  so shor t  it 
has l i t t l e  p r ac t i c a l  significance.  

Design Limitations 
Nonerosive Streams.--The streams used i n  graded border i r r i g a t i o n  must 
be nonerosive. To protect  the  upper end .of the  border s t r i p  against 
erosion, the  i r r i g a t i o n  stream per foo t  of s t r i p  width (B) m i s t  not 
exceed the  following empirical c r i t e r i a :  

For nonsodforming crops such as  a l f a l f a  and small gra ins :  

g max = 0.0019 

For well-established, dense sod crops: 

(& max = 0.0038 



Sample calculation 4-1.--Depth of flow and recession-lag time as related t o  required intake 
opportunity time 

[Assume Q, = 0.100; S o  = 0.002; and n = 0.1501 

.0980 1.292 

.0880 1.486 

.0780 1.735 
,0680 2.074 
,0580 2.545 
.w80 3.256 
.0380 4.395 
.0280 6.475 
.0180 11.406 
.0080 31.600 
.0070 37.143 
.Om0 45.000 
.0050 56.400 
.ow0 73 775 
.0030 103.667 
,0020 166.100 
.0010 362.600 
.OW5 764.400 . 0004 967.250 
.0003 1,305.667 
.0002 1,983.000 
.0001 4,041.000 
(Normal depth) 



Table 4-6. --Recession-lag time i n  low-gradient borders 

Ippor . 
Time 
To 

u. 
10 
30 
60 

100 
200 

400 
600 
800 

1000 
2000 

m&. 
10 
30 
60 

100 
200 

400 
6 00 
800 

1000 
2000 

m*. 
10 
30 
60 

100 
200 

400 
600 
800 

1000 
2000 - 

qinuter for n = 0.04 
1.0 
1.2 
1.3 
1.4 
1.4 

Recession-Lae Time in Minutes for n - 0.25 
3.0 3.1 3.3 2.0 2.4 2.8 
7.1 8.0 8.3 3.4 4.5 5.7 

Note r 
Recerrion-lag t i m r  of l a r r  
than one minute are  omitted 



Table 4 -7. --Depth of flow i n  low-gradient borders 

Approximately normal flow de 

Depth of Flow in Feet when n 0 0.04 
0.05 0.19 0.29 0.01 0.04 0.17 
0.05 0.21 0.32 0.01 0.05 0.18 

Depth of Flow in F 
0.09 0.34 0.52 

bpth  of Flow in P 
0.12 0.42 0.64 

:h at 1000 minuter 

~t when n 0 0.25 
3 .03  0.11 0.42 



Table 4-8 gives the  maximum nonerosive stream s i ze  f o r  both sod and non- 
sodforming crops on various slopes. Figure 4-7 shows erosion l i m i t s  f o r  
these crops. 

Ei ther  turnouts t h a t  control  flow onto the  border s t r i p s  must be designed 
t o  have a low-velocity discharge r a t e  o r  energy d i ss ipa tors  must be used 
t o  prevent excessive scouring a t  the upper ends of the  border s t r i p s .  
Turnout discharge ve loc i ty  should be l e s s  than 3 f e e t  per second. 

Table 4-8. --Maximum value of Q, f o r  nonsod and sod crops by slope 

Slope 
Crops 

Nonsod Sod 

Feet per f e e t  Cubic f e e t  per second 

Maximum Depth of Flow.--The flow a t  the  head end of the  border s t r i p  
must not exceed some p rac t i c a l  depth re la ted t o  the  construction and 
maintenance of border r idges.  Therefore, an i r r i g a t i o n  stream t h a t  is 
expected t o  produce a flow depth i n  excess of about 6 inches generally 
i s  inadvisable. Greater depth is p rac t i c a l  on some s o i l s ,  but depth of 
flow i n  excess of 8 o r  10 inches should seldom be considered. Tie allow- 
able stream (QU) per foo t  of border s t r i p  width f o r  a given maximum 
depth of flow i n  low-gradient borders can be determined from tab le  4-9. 
This t ab le  was developed from computations of water surface p rof i l es  
using n values of 0.04, 0.15, and 0.25. For border s t r i p s  on slopes 
s teeper  than 0.4 percent, the  allowable stream s i z e  can be determined 
from f igure  4-7 and tab le  4-5. 

Minimum Depth of Flow.-- The i r r i ga t i ng  stream must be large enough so  
t h a t  the water spreads over the e n t i r e  border s t r i p .  A l a rger  stream i s  
needed on rough s t r i p s  than is required on adequately graded and smoothed 



Table 4-9.--Allowable unit-width i r r i g a t i o n  stream f o r  given maximum depth of flow 

Flow 
Depth 
feet  - 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 

0.1 
0.2 
0 .3  
0.4 
0.5 
0.6 
0.7 
0.8 

0.1 
0.2 
0 .3  
0.4 
0.5 
0.6 
0.7 
0.8 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 

- - - 

n = 0.04 
Intake Opportunity Tima - minutes 
10 30 60 100 300 600 

Efs cfs cfr cfs cfs cfs 

lote: 
?or To > 600 minutes, determine 
>, from Figure 4-7 

n = 0.15 
Intake Opportunity Time - minutes . . 

10 30 60 100 300 600 
cfs cfs cfe cfs c&s cfe 

-- 

n = 0.25 
Intake Opportunity Time - minute6 

10 30 60 100 300 600.- 
c f s  cfs cfe cfs cfe cfe 



s t r ip s .  The i r r iga t ion  stream per foot  of s t r i p  width should be no less  
than i s  computed by equation 4-36: 

Table 4-10 shows the minimum value of &U/L f o r  various slopes and n 
values. 

Table 4-10.--Minimum value of Q& f o r  various n values by slope 

Slope n = 0.04 n = 0.15 n = 0.25 

Feet per foot Cubic f e e t  per second 

Maximum Slope.--If equations 4-36 and 4-23b are combined, the maximum 
allowable slope f o r  a given net depth of application can be determined 
f o r  any given intake family and desired application efficiency. 

In using equation 4-38, the recession-lag time ( T ~ )  can be ignored 
safely.  The- maximum slope found by the equation is based solely on the 
c r i t e r i a  f o r  minimum depth of flow. In  areas subject t o  erosion from 
rains of high intensi ty ,  that  slope may be much too steep. Also, even 



Table 4-11.--Maximum slopes f o r  graded border i r r i g a t i o n  as l imi ted  by minimum depth of 

Intake 
Family 

0.3 

0.5 

1.0 

1.5 

2.0 

3.0 

4.0 

A P P ~ .  

in. - 
1 
2 
3 
4 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 - 

flow requirements or by a minimum border length  of 100 f e e t  

rj - 0.04 
Efficiency - percent 

55 60 65 70 
?eeCwr foot 

.02W .021* .017* .015* .013* 
I llot adapted for padad border# 

- ~ 

n - 0.15 
Efficiency - percent 

50 55 60 65 70 75 
Feet w r  foot 

.OIL* .009* .008* .006* 

.004* .oow .oow .oow 

.003* .OO% . O O B  . O O H  .OOl* 

.mi?* .W2* .w1* .Ool* .OOl* 

.013 .015 .016 .018 

.021 .024 .027 ,030 

.026 .029 .033 .036 ,040 

.029 .033 .037 .041 .045 

.032 .036 .040 .045 .050 
) Slope limited by depth requirementn 

n = 0.25 
Efficiency - percent 

55 60 65 70 

Feet w r  foot 

.025* .021* .Ole* 

.OW* .008* .006* 

.W6* .W5* .004* .OM* 

.OW* .OW* .003* .OOY 



i n  a r id  areas,  graded border i r r i g a t i o n  is  not  well  sui ted  t o  s teeper  
slopes unless c l imat ic  conditions o r  supplementary i r r i g a t i o n  methods 
can be depended on f o r  es tabl ishing good crop stands. Even then, the  
maximum allowable nonerosive i r r i g a t i o n  stream, as defined by equation 
4-34, may be too small  t o  permit a p r ac t i c a l  length of run. 

Table 4-11 shows the  maximum slope f o r  graded border i r r i ga t i on ,  as 
l imited by minimum depth of flow requirements o r  by a minimum border 
length of 100 f e e t .  Although t ab l e  4-11 indicates  the t heo re t i c a l  pos- 
s i b i l i t y  of using graded border i r r i g a t i o n  on very s teep  slopes, it i s  
much b e t t e r  sui ted  t o  gent le  slopes. On slopes over about 4 percent, 
erosion is  an extreme hazard; it i s  doubtful  whether t h e  graded border 
method should ever be considered f o r  slopes i n  excess of 6 percent. 

Maximum L e x t h  of Run.--The t heo re t i c a l  maximum length of run f o r  graded 
border i r r i g a t i o n  is  the length computed by equation 4-23a, using the  
maximum allGwable stream per-foot of border strip width ($1). The maxi- 
mum allowable stream i s  limited by the  erosion hazard on s teep  slopes 
and by flow capacity of the  border s t r i p s  (allowable flow depth) on the  
f l a t t e r  slopes. On some s o i l s  of low intake r a t e  on gen t le  s l o p s ,  the 
t heo re t i c a l  maximum length of run can be severa l  thousand f e e t .  However, 
as discussed under llLayout  consideration^,'^ border lengths i n  excess of 
a quar ter  mile seldom should be designed. 

Field Efficiency 
Success i n  designing 
the designer t o  make 

a graded border layout depends on the  a b i l i t y  of 
a reasonable est imate of the f i e l d  e f f i c iency  t h a t  

can be achieved on a pa r t i cu l a r  s i t e  under a given s e t  of management 
conditions. I n  most cases, the  p r inc ipa l  hazard i s  overestimating e f -  
f ic iency,  which leads t o  designing border s t r i p s  too long f o r  adequate 
i r r i g a t i o n  a t  the  e f f i c iency  t h a t  can ac tua l ly  be a t ta ined.  However, 
unless one of the  design l imi ta t ions  i s  approached, se lec t ion  of a de- 
s i gn  e f f i c iency  i s  not c r i t i c a l .  Usually it is  possible f o r  the  i r r i g a -  
t o r  t o  adjus t  stream s i z e  enough f o r  the  layout designed t o  operate 
s a t i s f a c t o r i l y .  I n  a l l  i r r i g a t i o n  methods, e f f i c iency  i s  affected more 
by the  management pract ices  of the  i r r i g a t o r  than by any other  f a c to r .  
For a given management l eve l ,  however, s i t e  conditions do have a s i gn i f -  
i c an t  e f f e c t  on the  eff ic iency achievable i n  border i r r i ga t i on .  Greater 
e f f i c iency  can be expected on gent le  slopes than on s teep  slopes and on 
s o i l s  t h a t  have a moderate t o  moderately high intake r a t e  than on s o i l s  
t h a t  have e i t h e r  a low o r  extremely high intake r a t e .  

On gent ly  sloping well-leveled f i e l d s ,  i f  adequate f a c i l i t i e s  f o r  the 
con t ro l  and d i s t r i bu t i on  of water a re  i n s t a l l ed  and good i r r i g a t i o n  
management pract ices  a re  followed, a f i e l d  ef f ic iency of 60 t o  75 per-  
cent  usual ly  i s  feas ib le .  Table 4-12 shows the e f f i c ienc ies  commonly 
assumed f o r  designing graded border i r r i ga t i on .  



Table 4-12.-Suggested design efficiency f o r  graded border i r r iga t ion  by slope and intake family 

Intake family 
Irri - 

gation 0.3 0.5 1.0 1.5 2.0 3.0 4.0 
slope 

o Net depth of application (F,) i n  inches 

1 2 3 4 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 1 2 3 4  

Feet per 
foot 

Percent 



Design Procedure 
One or  more of the following determinations is  needed f o r  designing a 
layout f o r  graded border i r r igat ion:  

1. Stream size needed t o  i r r iga te  a given length of run. 
2. Length of run tha t  can be i r r igated with a given stream size. 
3. Maxirmun flow depth expected with a given stream size.  
4. Allowable stream size f o r  a given maximum depth of flow. 

Before making these determinations, the designer must know o r  assume a 
number of design values. The following are items whose design values 
depend on so i l ,  crop, and topography: 

Item - Determinant 

Intake family (IF) Soi 1 
Irr igat ion slope (so)  Topography (can be changed) 
Roughness coefficient (n)  Crop 
Net depth of application (F,) S o i l  and crop 
Field application efficiency (E)  Slope, so i l ,  and crop 
Nonerosive stream s ize  (e) Slope and crop 

The allowable stream s ize  per foot  of s t r i p  width f o r  low-gradient 
borders a t  a given maximum depth of flow can be determined from table  
4-9 and f o r  graded borders having slopes greater than 0.4 percent from 
figure 4-7. 

Table 4-7 shows the depth of flow expected i n  low-gradient borders and 
figure 4-7 shows the depth expected on slopes over 0.4 percent. Length 
of run (L) can be found f o r  any given value of & by d i r ec t  solution of 
equation 4-23a. Tn, the time required f o r  the i n f i l t r a t i o n  of the de- 
s i red net i r r iga t ion  application (Fn) , can be determined from the s o i l  
intake curve. The recession-lag time (TL) can be determined from table  
4-6 or, f o r  borders steeper than 0.4 percent, from figure 4-7. 

A di rec t  solution f o r  the stream s i ze  (%) needed f o r  a iven length of 
run (I) i s  not possible, because the recession-lag time fTL) on the 
right-hand side of equation 4-23b is a function of QU on the left-hand 
side.  However, the general magnitude of recession-lag time expected f o r  
any given slope and intake opportunity time can be estimated from table 
4-6 or figure 4-7, and % determined by trial-and-error solution of 
equation 4-23b. (See sample calculation 4-2. ) Usually there is no prac- 
t i c a l  significance i n  attempting t o  determine the recession-lag time 
closer than the nearest whole minute. 

Design Charts 
To simplify design procedure, a ser ies  of design charts have been pre- 
parecJ. Each chart i s  f o r  a single intake family (I~), a single roughness 
coe f f idep t  (n ) ,  and a single net depth of application (F,). These charts 
f o r  n values of 0.04, 0.15, and 0.25 are i n  appendices D, E, and F. 



Sample Calculation 4-2.--Trial-and-Error Solution of Quat ion  4-23b 

Given: 
Intake family ( I ~ )  0.5 
Net depth of application ( F ~ )  4 inches 
Irr igat ion slope (so) 0.001 f e e t  per foot 
Roughness coefficient (n) 0.15 
Estimated f i e l d  application efficiency (E)  65 percent 
Length of run (L) 650 f e e t  

Find : 
Required unit-width stream s ize  (Q) 
Required time of application ( Ta) 

Solution: 
Tn = 328 minutes 
TL F 8 t o  20 minutes 

(from intake curve) 
(from table 4-6) 

F i r s t  t r i a l :  

Assume TF, = 14 minutes 
- 

wn z (650) (4.0) % = = 0.018 cubic f e e t  per 
7 .2 (~ ,  - T L ) ~  (7.2) (328 - 14)(65) second 

For % 0.018 TL z 12 minutes (from table 4-6) 

Second t r i a l :  

Assume TL 12 minutes 

(650) (4.0) 
B =  ( = 0.018 cubic f e e t  per second OK 

7.2) (328 - 12) (65) 

Ta = 328 - 12 7 316 minutes 

Check flow depth and stream s ize  

Maxinnun depth of flow (dl) = 0.15 f e e t  (from table 4-7) OK 

Minimum allowable . (0.00001349) (650) s 0.0088 
(from table 4-10) OK 

Note: Unless the recession-lag time ( T ~ )  is expected t o  be more than 
25 percent of the required opportunity time ( T  ) the f i r s t  estimate n '  of TL provides f o r  a suf f ic ien t ly  accurate estlmate of the needed 
unit-width stream (B). 



The char ts  show the relationship between stream s ize  and length of run 
f o r  any given o r  assumed efficiency value by plot t ing the nondimensional 
ra t io ,  length/efficiency as the abscissa and the stream s i ze  as the 
ordinate. Thus, i f  the designer wishes t o  find the length of run t ha t  
can be i r r iga ted  with a given s i ze  of stream per foo t  of border s t r i p  
width and a given efficiency, he determines the length-efficiency r a t i o  
f o r  the given strean? s i ze  and i r r i ga t ion  slope and multiplies t h i s  value 
by the given efficiency value. 

The char ts  a l so  show relationships between stream s i z e  and depth of flow 
and the required time of application. Depth, length-efficiency ra t io ,  
and time curves are shown f o r  the f u l l  range of slopes f o r  which graded 
borders are  sui table .  The maximum slope shown i s  the lesser  of : ( 1)  
the steepest  slope on which the minimum flow depth requirements can be 
met when i r r iga ted  a t  50 percent efficiency; (2) the s teepest  slope tha t  
can be i r r iga ted  sa fe ly  with a minimum length of run of 100 f ee t ;  or  
(3) 6 percent. The maximum nonerosive stream s izes  are shown f o r  sod- 
forming crops by the termination of the depth curves and by the t i c k  
mark ( - )  on the depth curves f o r  nonsodforming crops. On a l l  the char ts  
the length-efficiency r a t i o  is limited t o  a value of 30, which is equi- 
valent t o  a length of 1,500 f e e t  a t  50 percent efficiency and propor- 
t ionately  longer lengths a t  higher eff ic iencies .  Figure 4-8 is a sample 
chart  of an 0.15 n value, a 1.0 intake family, and a 4-inch net  depth 
of application. 

These design charts are arranged so tha t  f o r  any selected efficiency 1 

almost any other known or  assumed value can be used as a s t a r t i ng  point; 
however, the charts should not be used t o  find eff ic iency values. For 
example, i f  a f i e l d  having an i r r i ga t ion  grade of 0.4 percent ( so=  
0.004 f e e t  per foot)  has border s t r i p s  1,300 f e e t  long, the needed 
stream s ize  per foot  of border s t r i p  width, the maximum flow depth, and 
the required time of application can be determined from the chart f o r  
any given or  assumed efficiency. I f  it i s  assumed tha t  the f i e l d  can be 
i r r iga ted  a t  65 percent efficiency, the length-efficiency r a t i o  
(1,300/65) is  20. For t h i s  value and a slope of 0.004 f e e t  per foot,  
the required un i t  width stream is  0.072 cubic f e e t  per second, the maxi- 
mum depth of flow is 0.265 foot,  and the time of application is  156 
minutes. 

In the above example, i f  the flow depth could not exceed 0.20 foot ,  the 
stream s i ze  would have t o  be reduced t o  0.044 cubic f e e t  per second, 
which would provide f o r  a length-efficiency r a t i o  of 12.1 or  a border 
length of 790 f ee t .  To find the maximum length of run f o r  a slope of 2 
percent and 55 percent efficiency, f ind the m a x i m  nonerosive stream 
s ize  f o r  a nonsodforming crop opposite the dot on the proper depth 
curve. Follow t h i s  stream s ize  (0.036 c f s )  t o  the intersect ion with the 
length-efficiency r a t i o  curve f o r  a slope of 2 percent. The length- 
efficiency r a t i o  is 10.1, and the maximum length of run i s  555 f e e t  
(10.1 x 55). 
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Figure 4-8. --Sample design char t  f o r  graded border i r r i ga t i on  



Use of End Blocks 
Using end blocks t o  impound water t h a t  otherwise would be runoff o r  
t a i lwa te r  can r e s u l t  i n  a considerably higher applicat ion e f f i c iency  
provided the impoundment a f f ec t s  a s i gn i f i c an t  area. As a ru le ,  i f  the 
ne t  depth of appl ica t ion equals o r  exceeds 5 percent of the t o t a l  f a l l  
i n  the length of the  border s t r i p ,  the  use of end blocks should be 
considered i n  planning and design ( see  t ab le  4-13). 

Table 4-13. --Maximum border lengths f o r  using end blocks by slope and 
ne t  depth of appl ica t ion 

I r r i ga t i on  Net depth of appl ica t ion (F,) i n  inches 
slope 

Feet per foot  Feet 

End blocks should not  impound water t o  depths more than 1-1/2 times the  
depth of the ne t  applicat ion,  unless the  area can be drained immediately 
a f t e r  the required intake opportunity time has been met. Drainage i s  
needed t o  avoid (1 )  excessive deep percolat ion,  (2 )  crop damage from 
standing water, and (3) mosquito breeding. I f  surface drainage of ra in -  
f a l l  i s  a problem, provision must be made f o r  releasing t h i s  excess 
water. 

Border ridges must be g r ea t e r  i n  height  than the depth of water i n  the 
ponded area. A l l  o r  pa r t  of t h a t  por t ion of the i r r i g a t i o n  appl ica t ion 
t h a t  otherwise would be runoff can be held on the f i e l d ,  thus increas-  
ing the  length of run t h a t  can be served by a given i r r i g a t i o n  stream. 
S i t e s  with s o i l s  of low intake r a t e ,  s t eep  i r r i g a t i o n  grade, o r  low 
roughness coef f i c ien t  usual ly  have more water avai lable  f o r  impoundment 
than s i t e s  with s o i l s  of high intake r a t e ,  gent le  i r r i g a t i o n  grade, o r  
high roughness coef f i c ien t .  



The distance border s t r i p s  can be lengthened by using end blocks is  
limited t o  the lesser  of:  

1. The length tha t  can be covered by an impoundment whose maximum 
depth is  equal t o  th s  desired net application depth 

(Eq. 4-39) 

2. The length t L a t  can be adequately i r r iga ted  with the volume of 
water tha t  would run off the open-end border s t r i p  

In equations 4-39 and 4-40, L i s  the normal design length of run f o r  
open-end borders, L, i s  the allowable length extension with end blocks, 
ri and m are factors  tha t  express the effect, of intake and roughness 
on runoff. Empirical values f o r  these factors  are given i n  table 4-14. 

Table 4-14.--Intake and roughness factors  f o r  estimating potent ial  
runoff 

Intake 
family 

Factor Roughness Fac.tor 
( r i  ) coefficient (n) (rn) 

On s i t e s  where the i r r iga t ion  grade i s  steep enough t o  make condition 
(1) limiting, the allowable extension can be increased t o  tha t  computed 
under condition (2)  by grading the f i e l d  so  the lower end of the run is 
leve l  o r  nearly level.  (see sample calculation 4-3 f o r  the e f fec t  of 
end blocks on application efficiency and allowable length of run.) On 
f i e l d s  where the length of run is  using end blocks does not 
change the length but does permit using a reduced unit-width stream 
(G). The required stream size is  tha t  needed f o r l a  length of run (L') 
where t h i s  length plus the allowable extension (Le) is equal t o  the 
fixed length L ( see figure 4-9) . 



Figure 4-9.--Diagram of end block length extension 

Length extensions are proportional t o  or iginal  lengths as shown by 
equation 4-40. Therefore: 

and 

(Eq. 4-41) 

(Eq. 4-43) 

Then 

If L' is  known, the required stream s i ze  (QA) can be computed by a 
t rb  11-and-error procedure (see sample calculation 4-2). But since the 
reduL;tion i n  stream s ize  i s  l ike ly  t o  be 
change i n  recession-lag time, the stream 
and can be computed direct ly .  

q = % 
1 + Le - 

L 

enough t o  make a s ignif icant  
s ize  is proportional to  length 

the required stream size If equations 4-45 and 4-40 are combined, 
can be related t o  estimated runoff as follows: 

Q u 
" 1 + (1.00 - E/100) ri 5 



Sample calcula t ion 43.- -Effect  of end blocks on f i e l d  application 
eff ic iency and length of run 

Given : 
Intake family (IF) 

Net depth of application (F,) 3 inches 
I r r i ga t i on  slope (so)  0.001 f e e t  per foo t  
Roughness coef f ic ien t  (n) 0.15 
Estimated f i e l d  appl icat ion eff ic iency (E)  75 percent 

Allowable depth of flow a t  head of run (dl) 0.3 f e e t  

Find : 
Allowable stream s i z e  (&) 
Required time of application (Ta) 

Maximum length of run f o r  open-end borders (L )  
Allowable length extension with end blocks (L,) 

Efficiency with end blocks ( E )  
,/' 

, Solution: 
Tn = 106 minutes (from intake curve) 

% = 0.049 cubic f e e t  per second (from table  4-9) 

TL = 11 minutes (from table  4-6) 

Ta = (T, - TL) = 106 - 11 = - 95 minutes 

L = (7.2)(0.049)(106 - 11)(75)/3.0 = - 838 f e e t  ( ~ q .  4-23a) 

Le = 3.0/(12)(0.001) = 250 f e e t  ( ~ q .  4-39) 

Le = (1.00 - 0.75)(0.70)(0.75)(838) = - 110 f e e t  ( E ~ .  4-40) 

Fg = (720) (0.049) ( lo6  - 11)/(838 + 110) = 3.54 inches 

E = 3.0/3.54 = 0.85 = - 85 percent 



As an example of t h i s  procedure, the  stream s i z e  computed f o r  the  
open-end borders 838-feet long, described i n  sample calcula t ion 4-3, is  
0.049 cubic f e e t  per second. Using equation 4-46, the stream s i z e  
needed f o r  closed borders 838 f e e t  long is: 

0.049 
= 0.0433 cubic f e e t  per second 

= 1 + (1.00 - 75/100)(0.70)(0.75) 

The gross depth of appl icat ion and resu l t ing  application eff ic iency are 
computed as follows : 

Fg = 720 %(T,-T~)/L = (720) (0.0433) (106-11)/836 = 3.53 inches 

E = F ~ / F ~  = 3.0/3 -53 = 0.85 = 85 percent 

Guide Border 

In  guide border i r r i ga t i on ,  water is  turned i n to  the  upper end of a 
sloping border s t r i p  and is  allowed t o  run u n t i l  a su f f i c i en t  amount 
has i n f i l t r a t e d  the s o i l .  The stream s i ze  is  not determined by the  
intake charac te r i s t i cs  of the  s o i l ;  it i s  determined by the  hydraulic 
charac te r i s t i cs  of the s i t e .  The stream must be large enough t o  provide 
adequate spreading over the  s t r i p ,  but it must not be so  large as  t o  
cause erosion. 

Adaptability 
Guide border i r r i g a t i o n  is used primarily t o  i r r i g a t e  grasses,  legumes, 
and grass-legume mixtures. It i s  a l so  used t o  i r r i g a t e  small gra ins  
customarily grown i n  ro ta t ion  with the  grasses and legumes. It is  best  
sui ted t o  s o i l s  t h a t  have a moderate t o  very low intake ra te .  I t  is 
seldom used on s o i l s  i n  the  1.0 o r  higher intake families.  

Guide borders are used on slopes as  low as  0 .1  percent where application 
depths of 1.5 inches o r  more are  required on s o i l s  of very low intake 
r a t e  ( 0 . 1  and 0.3 intake fami l ies ) .  They are  used on slopes as low as 
0.3 o r  0.4 percent f o r  orchards with no cover crop on s o i l s  i n  the  1.0 
intake family. For crops l i k e  a l f a l f a  grown on s o i l s  i n  t h i s  intake 
family, guide borders may be su i tab le  only on slopes s teeper  than 3.5 
o r  4.0 percent. Graded borders are  used on the  more gent le  slopes. 

Advantages 
Since the  stream s i ze  used i s  only large enough t o  insure complete 
coverage of the border s t r i p ,  border r idges usually need t o  be no more 
than 2 o r  3 inches high. There is  l i t t l e  danger of t h e i r  being over- 
topped and washed out. Costs of preparing land are  low because the  
border s t r i p s  are narrow. They are  no wider than the length of the  
grading equipment blade, and the  ea r th  t h a t  s p i l l s  around the  ends of 
the  blade forms the  ridges. Each border s t r i p  can be leveled independ- 
en t l y  of the  others. A considerable var ia t ion  i n  downfield slope is ac- 
ceptable as long as there  are  no grade reversals  and a l l  cross slope is  
eliminated. 



Limitations 
The major d i f f i c u l t y  i n  using guide borders is  i r r i g a t i n g  new seedings 
ademately  without causing erosion. On the  s teeper  slopes it may be 
des i rable  t o  i r r i g a t e  with spr ink le r s  u n t i l  a good crop stand has been 
established.  On slopes up t o  2 o r  3 percent, shallow corrugations can 
be used t o  help keep the  water spread over the  border s t r i p .  Another 
l imi ta t ion  i s  the  amount of surface runoff t h a t  must be handled. Since 
an i r r i g a t i n g  stream large  enough t o  insure spread over the border s t r i p  
i s  l a rger  than the stream needed t o  s a t i s f y  intake,  a considerable pa r t  
of the applied water runs off  the lower end of the  s t r i p .  Unless the 
runoff is collected f o r  reuse, appl ica t ion e f f i c iency  i s  very low. This 
kind of i r r i g a t i o n  a l so  requires much labor, and the i r r i g a t o r  needs 
considerable s k i l l  t o  do a good job without causing excessive erosion. 

Design Assumptions 
Guide border i r r i g a t i o n  is used where the  i r r i g a t i n g  stream needed t o  
s a t i s f y  intake requirements and provide a balance between advance and 
recession f o r  graded border i r r i g a t i o n  is too small t o  spread over the  
border s t r i p .  This condition can be expected on s teep  slopes and on 
s o i l s  having a low intake r a t e .  These s t r i p s  can be i r r i ga t ed  s a t i s f a c -  
t o r i l y  by using the  smal les t  stream t h a t  spreads adequately across the 
border s t r i p  and applying t h i s  stream f o r  the  time required f o r  the 
s o i l  a t  the  upper end of the  guide border s t r i p  t o  absorb the desired 
ne t  depth of applicat ion.  

Since the  stream required f o r  adequate spread is  la rger  than needed t o  
s a t i s f y  intake,  much surface runoff can be anticipated and must be co l -  
lected and reused o r  otherwise disposed of sa fe ly .  The amount of runoff 
can be minimized by using the smallest  stream t h a t  can spread out and 
completely cover the border s t r i p .  

Design Equations 
Equation 4-36 describes the minimum stream needed per foo t  of border 
s t r i p  width t o  provide an adequate spread of water over s t r i p s  t h a t  a re  
reasonably wel l  graded and smoothed. 

Table 4-10 shows minimum values of Q ~ L  f o r  various slopes and n values. 
Figures 4-10 and 4-11 show the  relationship between stream s i z e  (Q~) 
and length of run ( L ) ,  as  described by equation 4-36, f o r  n values of 
0.15 and 0.25 respectively.  

Design Limitations 
Minimum Slopes. --Guide border i r r i g a t i o n  should be r e s t r i c t ed  t o  slopes 
t h a t  a r e  too s teep  t o  be i r r i ga t ed  by graded borders a t  an acceptable 
e f f i c iency  l eve l .  Guide borders a r e  designed only f o r  slopes s teeper  
than those shown i n  t ab le  4-11 as limited by depth requirements. They 
cannot be used on slopes s teeper  than those shown as limited by the 
length of run requirement unless a border length of l e s s  than 100 f e e t  
is  acceptable. 



Length - 100 feet 

Figure 4-10. - S t r e a m  size and length of run relationship f o r  
guide border design when n = 0.15 



Length - 100 feet 

Figure 4-11.-Stream s i z e  and length of run re la t ionship  f o r  
guide border design when n = 0.25 



Maxirmm Depth of Application. --The gross depth of appl icat ion (F~) t h a t  
must be run onto a guide border s t r i p  i s  equal t o  the  m i n i m  required 
flow r a t e  per foo t  of s t r i p  width multiplied by the  required intake 
opportunity time and divided by the  length of the border s t r i p .  

The gross depth of appl icat ion must not be so  g rea t  t ha t  the  required 
volume exceeds the  available supply. Also, the  excess depth applied 
( F ~  - F,) , which w i l l  be l a rge ly  surf  ace runoff, must not  be more than 
can feas ib ly  be collected and stored f o r  reuse, conveyed t o  a f i e l d  f o r  
immediate reuse, o r  returned s a f e ly  t o  a na tura l  stream o r  an i r r i g a t i o n  
conveyance system f o r  eventual downstream reuse. 

Tables 4-15, 4-16, 4-17, and 4-18 show the  gross depth of application 
required f o r  guide borders on s o i l s  i n  intake famil ies  0.1, 0.3, 0.5 
and 1.0. Developed from equation 4-47, these t ab les  show the gross 
depth requirement f o r  n values of 0.15 and 0.25. So i l s  i n  intake 
famil ies  1.5 and higher generally are not  i r r i ga t ed  i n  t h i s  way un- 
l e s s  the  roughness coef f ic ien t  (n) is  l e s s  than 0.15. This condition is  
found i n  some orchards and vineyards i f  cover crops are sparse or  non- 
ex i s ten t .  With l i t t l e  o r  no vegetative protection,  erosion is an extreme 
hazard on a l l  but the  most gent le  slopes. 

Construction Requirements 
Land Leveling.--Guide borders have very shallow depths of flow. There- 
fore ,  the surface of the  border s t r i p  must be made as  smooth as is 
practicable with the  usual  land grading equipment. It  is  especia l ly  
important t h a t  a l l  s i de  slope be removed. To insure a per fec t ly  smooth 
transverse surface,  guide border s t r i p s  usually are  made only as wide 
as the  blade used i n  leveling.  A leveling device i s  of ten attached t o  
the  blade t o  keep it exact ly  horizontal  as the  equipment t r ave l s  up and 
down the  border s t r i p .  Every precaution must be taken t o  reduce the pos- 
s i b i l i t y  of leaving longi tudinal  low areas on which the  flows can con- 
centra te .  It  i s  ea s i e r  t o  prepare border s t r i p s  on well-leveled f i e l d s  
on which a l l  cross slope has been removed. On r e l a t i ve ly  smooth na tura l  
slopes,  however, guide border s t r i p s  of ten are formed without p r io r  
leveling of the  f i e l d .  Each s t r i p  i s  graded independently. Attention is  
given t o  removiilg s ide  slope. Longitudinal grades are smoothed, but 
usual ly  no e f f o r t  i s  made t o  make them uniform. 

Border Ridges.-Since the  flow depth i n  guide borders i s  shallow, border 
r idges usually need t o  be only a few inches high. Flow depth seldom 
exceeds 2 inches, and border r idges having a s e t t l e d  height of about 3 
inches are adequate. Higher r idges may be needed f o r  extra-long guide 
borders on-very gent le  slopes. 



Table 4-15. --Required time of i r r i g a t i o n  and gross depth of appl ica t ion 
f o r  guide borders on 0 .1  in take family s o i l s  

- 
I r r i ga t i on  antmum Fn = 1.0 F, = 1.5 F, = 2.0 Fn = 2.5 Fn = 3.0 

slope %/L Ta = 169 Ta = 374 Ta = 628 Ta = 923 T, =1255 

Feet per 
foot  - 

Gross depth of appl ica t ion ( ~ n c h e s )  
n = 0.15 

*Not adapted f o r  guide borders. Values are  omitted where F >5F, 
g 



Table 4-16.--Required time of i r r i ga t i on  and gross depth of application 
f o r  guide borders on 0.3 intake family s o i l s  

I r r i ga t i on  Minimum F n =  1.0 F, ~ 1 . 5  F n = 2 . 0  F n Z 3 . 0  F = 4 . 0  
s lope n QdL Ta = 62 T, = 129 Ta = 208 Ta = 392 T, = 604 

Feet per 
foo t  - 

Gross depth of application ( ~ n c h e s )  
n = 0.15 

*Not adapted f o r  guide borders. Values are  omitted where F >Fn. g 



Table 4-17.--Required time of i r r iga t ion  and gross depth of application 
f o r  guide borders on 0.5 intake family s o i l s  

I r r igat ion Minimum Fn = 1.0 Fn = 2.0 Fn = 3 0 Fn = 4.0 Fn = 5.0 
slope Q /L 

u Ta = 38 Ta = 119 Ta = 217 T, = 328 Ta = 450 

Feet per 
foot  - 

Gross depth of application (~nches )  
n = 0.15 

*Not adapted f o r  guide borders. Values are omitted where F > 5F,. g 



Table 4-18.--Required time of i r r iga t ion  and gross depth of application 
f o r  guide borders on 1.0 intake family s o i l s  

I r r iga t ion  Minimum Fn = 1.0 Fn = 2.0 F = 3.0 F = 4.0 F = 5 . 0  
slope n n n  Qdh T = 20 T = 59 

a a 
Ta 106 Ta = 158 Ta = 2U 

Feet per 
foo t  - 

Gross depth of application ( ~ n c h e s l  
n = 0.15 

*Not adapted f o r  guide borders. 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3  4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4A- 5 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4A-6 



3 4 5  6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4A-7 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4A-8 



Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4A-11  

Intake Family 0.5 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



Intake Family 0.5 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



2 3 4 5  6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5  6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4A-15 



DESIGN CHART 

n =0.04 
intake Family 1.0 

F, = 3.0 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4A-18 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 fwt) 



LEVEL BORDER 
DESIGN 

IRRIGATION 
CHART 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3  4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



Length (100 feet) 

4A-22 



-f loo 
5 c 90 .- 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



2 3  4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4A-24 





Length (100 feet) 



Intake Family 3.0 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

dA -77 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



LEVEL BORDER IRRlGATl 
DESIGN CHART 

n = 0.04 
Intake Family 3.0 

Fn = 4.0 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3  4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3  4 5  6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4A-31 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (10Q feet) 



h 

t loo L 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



Length (100 feet) 



3  4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



DESIGN CHART 

n = 0.15 
Intake Family 0.1 

3 4 5 6 7 8 9 1 0  15 . 20 30 

Length (100 feet) 

4B-3 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 





3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4B-6 



Intake Family 0.3 
Fn = 4.0 

3  4  5  6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4B-7 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

48-9 



LEVEL BORDER IRRIGATION 
DESIGN CHART 

Intake Family 0.5 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4B-11 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3  4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



DESIGN CHART 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



DESIGN CHART 

n =0.15 
Intake Family 1.0 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



.010 . QO9 

.OO8 

.OO7 
,006 
nnc 

n =0.15 
Intake Family 1.0 

F, =3.0 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4B-17 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



Length (100 feet) 

4B-20 



3 4 5 6 7 8 9 1 0  15 . 20 30 

Length (100 feet) 



3 4 5  6 7 8 9 1 0  15 20 30 

Length (100 feet) 



h 

G loo & 

3 4 5  6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4B-24 



3  4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4B-25 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4B-26 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



Intake Family 4.0 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4B-33 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4 B- 34 



n 

E loo L 

LEVEL BORDER IRRIGATION 
DESIGN CHART 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5  6 7 8 9 1 0  15 20 30 

Length (100 feet) 



DESIGN CHART 

Intake Farnilyo. 1 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C - 3 



DESIGN CHART 

Intake Family 0.3 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C -4 



3  4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



LEVEL BORDER IRRIGATION 
DESIGN CHART 

Intake Family 0.3 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



LEVEL BORDER IRRIGATION 
DESIGN CHART 

Intake Family 0.3 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C-8 



2 3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C-9 



Length (100 feet) 



3  4 5  6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C-11 



3  4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C-12 



3  4 5  6 7 8 9 1 0  15 20 30 

Length (100 feet' 

4C-13 



2 3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C-15 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C-16 



h 

E loo L 

2 3  4 5 6 7 8 9 1 0  15 20 30 
Length (100 feet) 

A P - 1 7  



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C-18 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C- 19 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



Length (100 feet) 

4C-23 



2 3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C-24 



n 
n 
0 40 

be- 
0 

LEVEL BORDER IRRIGATION 
DESIGN CHART 

n =0.25 

3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (-100 feet) 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C-27 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C-28 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C-29 



3  4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C-30 



Length (100 feet) 

4C-31 



3 4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 

4C - 32 



3 4 5  6 7 8 9 1 0  15 20 30 

Length (100 feet) 



LEVEL BORDER IRRIGATION 
DESIGN CHART 

3  4 5 6 7 8 9 1 0  15 20 30 

Length (100 feet) 



Length 
Efficiency 

Intake Family 0.3 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Lenath 

GRADED BORDER IRRIGATION 
DESIGN CHART 

Intake Family 0.5 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5 6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 .I .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

3 4 5 6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 - 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

3 4 5 6 78910 15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Lenyth 
Efficiency 

2 3 4 5 6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 .1 .2 
Depth of flow d l  (fee:) 



Length 
Efficiency 

.04 .06 .08 . 1  .2  
Depth of flow d l  (feet) 



Length 
Efficiency 

GRADED BORDER IRRIGATIOb 
DESIGN CHART 

n = 0.04 
Intake Family 1.0 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5 6 78910 15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

RADED BORDER IRRIGATION 
DESIGN CHART 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Lengt 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4  5 6  7 8 9 1 0  15 20 30 40 

.04 .06 .08 .1 .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

3 4 5 6 7 8 9 1 0  15 20 30 40 

Intake Family 1.5 

.04 .06 .08 . I  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5 6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

3 4 5 6 78910 15 20 30 40 

.04 .06 .08 . 1  .2  
Depth of flow d l  (feet) 



Lenath - 
Efficiency 

3 4 5 6 78910 15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

GRADED BORDER IRRIGATIOE 
DESIGN CHART 

n =0.04 
Intake Family 2.0 

.04 .06 .08 . 1  .2 
Depth of flow dl  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2  
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . I  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3  4 5 6 78910 15 20 30 40 

.04 .06 .08 . 1  .2  
Depth of flow d l  (feet) 



Length 
Efficiency 

3 4 5 6 7 8 9 1 0 15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

GRADED BORDER IRRIGATIOb 
DESIGN CHART 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5 6 78910 15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 





Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5 6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Eificiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2  
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

GRADED BORDER IRRIGATIOb 
DESIGN CHART 

n =0.15 
Intake Family 0.5 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5 6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

. 3  .4 .5 .6 .7 
GRADED BORDER IRRIGATIOb 

DESIGN CHART 

n =  0.15 

.04 .06 .08 1 .2 
Depth of flow d l  (feet) 



.04 .06 .08 .1 .2 
Depth of flow d l  (feet) 

Lengrn 
Efficiency 

2 3 4 5 6 7 8 9 1 0  15 20 30 40 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow dl  (feet) 



Length 
Efficiency 

3 4 5 6 78910 15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

3 4 5 6 7 8 9 1 0  15 20 30 40 

n = 0.15 

.04 .06 .08 .1 .2 
Depth of flow dl (feet) 



Length 
Efficiency 

2 3 4 5 6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow dl  (feet) 



Length 
Efficiency 

2 3 4 5 6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow dl  (feet) 



Length 
Efficiency 

3 4 5 6 78910 15 20 30 40 

.04 .06 .08 .I .2 
Depth of flow dl (feet) 



.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5 6  7 8 9 1 0  15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Lengtn 
Efficiency 

2  3 4 5 6 7 8 9 1 0  15 20 30 40 

.3  .4 .5 .6 .7 
GRADED BORDER IRRIGATION 

DESIGN CHART 

Intake Fdmily 1.5 

.04 .06 .08 . 1  - 2  
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . I  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5 6 78910 15 20 30 40 

GRAD ED BORDER IRRlGA 
DESIGN CHART 

n =0.15 
Intake F trnily 2.0 

Fn = 2.0 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.a4 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



~ength 
Efficiency 

2 3 4 5 6 78910 15 20 30 40 

.04 .06 .08 .1 .2 
Depth of flow dl (feet) 



~ength 
Efficiency 

3 4 5 6 78910 15 20 30 40 

.04 .06 ,08 . 1  .2 
Depth of flow d l  (feet) 



~ength 
Efficiency 

2  3  4 5 6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2  
Depth of flow d l  (feet) 



Length 
Efficiency 

GRADED BORDER IRRIGATION 
DESIGN CHART 

Intake Family 3.0 

.04 .06 .08 . 1  .2  
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5  6 7 8 9 1 0  15 20 30 40 

Intake Family 3.0 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5 6 78910 15 20 30 40 

- 

11 fqrnon-sodcrops'qr;"i' ;$-/ /'I i iQ  . 3  .4 .5 .6 .7 
+I 1 7 1  + .  ,Ld 1 i 1  GRADED BORDER lRRlGATlob 

DESIGN CHART 

n ~0.15 
Intake Family 4.0 

Fn = 2 .o 

.04 .06 .08 .1 .2 
Depth of flow d l  (feet) 

4E-29 



Length 
Efficiency 

DESIGN CHART 

.04 -06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 .1 . 2  
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2  
Depth of flow d l  (feet) 



Length 
Efficiency 

:fi;lj,%I$j# Maximum non-erosive stream size,. 
1 t- ? 2 for non-sod trod . 

ED BORDER IRRIGA 
DESIGN CHART 

n = 0.25 
Intake Family 0.3 

F, = 1 .o 

-04 .Ot, .08 - 1  .2 
Depth of flow dl (feet) 



Length 
Efficiency 

3 4 5 6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .OC .08 . 1  .2 
Depth of flow d l  (feet) 



.04 .06 .08 . I  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

3  4  5  6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

3 4 5 6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 . 1  ,2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

n =0.25 

.04 .06 .08 . 1  . 2  
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5 6 78910 15 20 30 40 

.04 .06 .08 .1 .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5 6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 . 1  .2  
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . I  .2 
Depth of flow d l  (feet) 



.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5 6 78910 15 20 30 40 

.04 .06 .08 .1 .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5 6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 .1 .2  
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2  
Depth of flow d l  (feet) 



Length 
Efficiency 

GRADED BORDER IRRIGATIOh 
DESIGN CHART 

Intake Family 2.0 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

Depth of flow d l  (feet) 



Length 
Efficiency 

2 3 4 5 6 78910 15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Lena t h 
Efficiency 

3 4 5 6 78910 15 20 30 40 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

3 4 5 6 7 8 9 1 0  15 20 30 40 

.~ .  . 
11; for no,,-s . , , , , , , , , , , , , Intake Family 3.0 

. . _  . , Fn = 4.0 ... . . ,  

.04 .06 .08 .1 .2 
Depth of flow d l  '(feet) 



Length 
Efficiency 

3 4 5 6 78910 15 20 30 40 

.04 .06 -08 .1 .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

GRADED BORDER IRRIGATIOb 
DESIGN CHART 

n = 0.25 
Intake Family 4.0 

.04 .06 .08 . 1  .2  
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 . 1  .2 
Depth of flow d l  (feet) 



Length 
Efficiency 

.04 .06 .08 .1 .2 
Depth of flow d l  (feet) 



Efficiency 

3 4 5 6 7 8 9 1 0  15 20 30 40 

.04 .06 .08 .1 .2 
Depth of flow d l  (feet) a 

4F -32 


	note: 


