
ATW DISTRIBUTION THROUGH SPRINK 

Othello,  Wash 

INTRO DUCT1 ON 

My purpose i s  t o  dray your a t t e n t i o n  t o  s eve ra l  f a c t o r s  
t h a t  a f f e c t  water d i s t r i b u t i o n  by s p r i n k l e r s  i n  t h e  Columbia 
Basin. These f a c t o r s  should be c a r e f u l l y  considered i n  eval- 
ua t ing t h e  e f f i c iency  of water d i s t r i b u t i o n  by a  s p r i n k l e r  sys- 
tem and. a r e  e spec i a l l y  important when thought is given t o  using 
t h e  s p r i n k l e r  system t o  apply f e r t i l i z e r s ,  he rb ic ides ,  fungi- 
c ide s ,  and i n sec t i c ide s .  Since water i s  t h e  vehic le  o r  c a r r i e r  
of t h e  chemicals, my remarks w i l l  be concerned with water d i s -  
t r i b u t i o n .  Cer ta in ly  t h e  d i s t r i b u t i o n  of any chemical ca r r i ed  
by the  water  is going t o  be no b e t t e r  than  the  d i s t r i b u t i o n  of 
t h e  water i t s e l f .  I w i l l  use a  few examples from t h e  C 
Basin t o  i l l u s t r a t e  some po in t s  and I hope I ca 
out  g iv ing you t h e  idea  t h a t  I am c r i t i c i z i n g  s 
spr ink l ing  a s  a  method of i r r i g a t i o n .  

In  t a lk ing  about water d i s t r i b u t i o n  through s p r  
tems, we use t h e  term "coe f f i c i en t  of uniformity".  
mathematical expression applied t o  a  system o r  a  por t ion  of a  
system t h a t  g ives  it an e f f i c i ency  r a t i n g  f o r  a  given s e t  of 
condit ions.  It is an attempt t o  say  i n  one f i g u r e  how uniform- 
l y  water is being d i s t r i b u t e d  over t h e  ground surface.  W e  l i k e  
t o  t a l k  about c o e f f i c i e n t s  of uniformity no lower than 70% and 
pre fe rab ly  80% or  above. 

, Bsf.ore~--I~go~-any~~~f~arther - I.  want^-  to--say-this,-   in-gen 
i n  t h e  -Columbia Basin we have been much l e s s  concerned a  
water d i s t r i b u t i o n  t h a n w e  must be i f .  F g o i n g  t o  appl  
chemicals i n  t h e  water. I W t m s  no t  only becausewe 
t o  d o a  good job of app l ica t ion  of t h e  chemical. but because 
we have Food an6 Drug Administration to le rances  and r e s t r i c t i o n  
l i m i t a t i o n s  f o r  a l l  crops which must be met. We must not  only --- 
comply with r a t e s  of mate r ia l  pe r  ac r e ,  we must a l s o  be a b l e  t o  
d i s t r i b u t e  t h a t  mate r ia l  uniformly enough s o  t h a t  none of t h e  
crop w i l l  exceed es tab l i shed  F.D.A. r e s idue  to lerances .  I f  
t h i s  cannot be done do not  a  1 herb ic ides ,  fungic ides  o r  in- per . - 
s e c t i c i d e s  through aspFTFiker  system. ' The by-words a r e  water- 
con t ro l  and s o i l  moisture con t ro l ,  both i n  quan t i ty  and d i s t r i -  
bution. 

SOILS 

I n f i l t r a t i o n  Rate 

Before we t a l k  about t h e  s p r i n k l e r  system i t s e l f ,  l e t ' s  



1001: b r i e f l y  a t  t h e  s o i l  we a r e  go ing  t o  i r r i g a t e .  I n  t h e  
Columbia Basin we i r r i g a t e  s o i l s  w i t h  i n f i l t r a t i o n  r a t e s  of 
on ly  a few hundredths  of an  i n c h  p e r  hour and o t h e r s  w i th  in-  
f i l t r a t i o n  r a t e s  of 1 0  t o  12 o r  more inches  pe r  hour. Also 
t h e s e  i n f i l t r a t i o n  r a t e s  va ry  th roughout  t h e  season.  Obvious- 
l y  t o  ach ieve  t h e  d e s i r e d  placement of wa te r  and chemicals  i n  
t h e  s o i l ,  t h e  a p p l i c a t i o n  r a t e  of wa te r  must be no g r e a t e r  t h a n  
t h e  s o i l  i n f i l t r a t i o n  r a t e  a t  s n y  time. 

S o i l  iUoisture Holding Capac i ty  

Another v e r y  impor tan t  s o i l  c h a r a c t e r i s t i c  is s o i l  mois- 
t u r e  ho ld ing  capac i ty .  A f t e r  t h e  wa te r  Bas moved i n t o  t h e  so- 
il, how much w i l l  it ho ld?  Our s o i l s  i n  t h e  Columbia Basin 
r ange  from about  t h r e e  q u a r t e r s  of an  i n c h  t o  over t h r e e  i nches  
of a v a i l a b l e  mo i s tu re  ho ld ing  c a p a c i t y  i n  each f o o t .  I n  f i g u r e  
1, I have shown an  average  f i g u r e  t o  r e p r e s e n t  our  c o a r s e  t e x t -  
u red  s o i l s  on t h e  l e f t  and o u r  f i n e  t e x t u r e d  s o i l s  on t h e  r i g h t .  
To s i m p l i f y  t h i s  example I have used t h e  same amount of a v a i l -  
a b l e  mo i s tu re  i n  bo th  t h e  1st and 2nd f e e t  of t h e  p r o f i l e .  
Here we a r e  t a l k i n g  about p o t a t o e s ,  which have an  e f f e c t i v e  
r o o t i n g  zone of about  two f e e t .  So, even though we have a 
deep s o i l ,  we a r e  on ly  concerned w i t h  what happens i n  t h i s  t op  
two f e e t  of t h e  s o i l  p r o f i l e ,  t h e  a r e a  h e r e  shown above t h e  
dashed l i n e .  

Now i f  we p l a n  t o  do a good job of i r r i g a t i n g  and n o t  per-  
m i t  over  30% of t h e  a v a i l a b l e  m o i s t u r e  t o  be withdrawn between 
i r r i g a t i o n s ,  t h i s  w i l l  mean t h a t  we can use  up t o  . 3 0 '  from 
each  of t h e  t op  two f e e t  o r  a t o t a l  of .60n between i r r i g a t i o n s .  
I n  t h e  summer t i m e  when o u r  evapora t ion  r a t e s  normal ly  r u n  from 
.3  t o  .5" o r  more p e r  day,  we w i l l  have t o  i r r i g a t e  every  one 
t o  two days  t o  ma in t a in  t h e  d e s i r e d  mo i s tu re  l e v e l .  

- On--the~-f gne--*ex%mred--9--900ii& lllrVV hh$CChhhhhhaasSS.2 S&inches~-~of --ava~il-~ ~~~ ~ ~~ 
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a b l e  m o i s t u r e  p e r  f o o t ,  . 75"  w i l l  be  withdrawn from each of 
t h e  t o p  two f e e t f o r  a t o t a l  of 1.5" between i r r i g a t i o n s .  Us- 
i n g  o u r  d a i l y  summer evapora t ion  r a t e s  of . 3  t o  .5" p e r  day 
a g a i n ,  you can s e e  t h a t  t h i s  s o i l  would need t o  be  i r r i g a t e d  
eve ry  3 t o  5 days  f o r  t h i s  m o i s t u r e  l e v e l .  

One of t h e  most common problems is growing p o t a t o e s  under  
s p r i n k l e r s  i n  t h e  Columbia Basin where we have c o a r s e  t e x t u r e d  
s o i l s  o r  a r ange  i n  s o i l  t e x t u r e s  i n  t h e  upper s o i l  r o f i l e  H and where we do n o t  have a s p r i n k l e r  sys tem t h a t  w i l  p e r m i t  
one t o  two day coverage is t h a t  t h e  i n t e r v a l  between i r r i g a t i o n s  
is t o o  l o n g  and t o o  much water  is a p p l i e d  when we i r r i g a t e .  
Consequent ly  we t e n d  t o  over i r r i g a t e  and l e a c h  w a t e r  and f e r t -  
i l i z e r s ,  e s p e c i a l l y  on o u r  c o a r s e  t e x t u r e d  s o i l s .  I f  n i t r o g e n  
is be ing  a p p l i e d  i n  t h e  i r r i g a t i o n  wa te r ,  much of i t c a n  be  
l e a c h e d  down through  t h e  r o o t  zone b e f o r e  t h e  p l a n t s  have a 
chance . t o  abso rb  it. 

FACTORS AFFECTING YATTR 9ISTRIBUTION BY SPRINKLERS I N  THE - - 
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nes ign  

Now l e t ' s  c o n s i d e r  t h e  s p r i n k l e r  system. I am s u r e  t h a t  
n e a r l y  a l l  of t h e  s p r i n k l e r  sys tems i n s t a l l e d  i n  t h e  Columbia 
Basin  have been designed f o r  t h e  l o c a t i o n  where t h e y  a re .  The 
s o i l  f a c t o r s  we have d i scussed  and many o t h e r  f a c t o r s  inc lud-  
i n g  t h e  c r o p s  t o  be grown have been cons idered  i n  t h e  des ign  
of t h e  system. The two major f a c t o r s  t h a t  determine t h e  amount 
of wate r  p u t  out  a t  t he  s p r i n k l e r  head a r e  t h e  p r e s s u r e  a t  t h o  
nozz l e  and t h e  nozz l e  s i z e .  Knowing t h e s e  two, it t h e n  becones 
a  m a t t e r  of a d j u s t i n g  s e t  t ime  o r  t ime  of o p e r a t i o n  on a given 
l o c a t i o n  t o  o b t a i n  t h e  d e s i r e d  wa te r  a p p l i c a t i o n .  Nozzle s i z e  
and p r e s s u r e  a r e  b u i l t  i n t o  t h e  system i n  t h e  design.  These 
should never  be changed wi thou t  knowing t h e  consequences of 
t h e  change, because t o  do s o  n e a r l y  always means a r e d u c t i o n  
i n  t h e  wate r  d i s t r i b u t i o n  e f f i c i e n c y  of t h e  system. I i k e w i s e ,  
worn n o z z l e s  and heads and o t h e r  p a r t s  of t h e  system a l s o  mean 
reduced wa te r  d i s t r i b u t i o n  e f f i c i e n c y ,  These t h i n g s  a r e  espe- 
c i a l l y  impor tan t  when we c o n s i d e r  d i s t r i b u t i n g  chemicals  through 
t h e  s p r i n k l e r  system. ,?s I i n d i c a t e d  e a r l i e r ,  t h e  b e s t  job we 
can  do i n  apply ing  chemicals  w i t h  a  s p r i n k l e r  s y s  y  n o t  be  
good enough. 

Spacing 

'-e a l l  have seen  crooked and unevenly spaced wheel l i n e s  
and hand l i n e s .  This  alnlays means poor  wate r  d i s t r i b u t i o n .  
Ten f e e t  of e x t r a  space  between l a t e r a l s  on a  40' x 60 '  system 
means an i n c r e a s e  i n  a r e a  of 15";. Twenty f e e t  e x t r a  between 
l a t e r a l s  means a  30'i i n c r e a s e  i n  a r e a  t o  be covered. 2 r r o r s  
such a s  t h e s e  cause  d r a s t i c  r e d u c t i o n s  i n  wate r  d i s t r i b u t i o n  
e f f i c i e n c y  and a r c  i n t o l e r a b l e  from t h e  s t a n d p o i n t  of chemical  
a p p l i c a t i o n .  

Se l f  -Leveling Beads - 
Very o f t e n  when we s e e  crooked wheel l i n e s  o r  t w i s t e d  wheel 

l i n e s  we a l s o  s e e  r i s e r s  o p e r a t i n g  a t  an a n g l e  r a t h e r  t h a n  ver-  
t i c a l l y  a s  t hey  should be. Dry a r e a s  between t h e  l i n e s  a r e  s u r e  
t o  occur  when t h i s  is t h e  case .  Rut t h e r e  is a s o l u t i o n  f o r  
t h i s  problem and y e t  i t  i s  seldom seen  i n  the  Columbia Dasin. 
I am t a l k i n g  about s e l f - l e v e l i n g  heads. 1 am conf iden t  t h a t  
s e l f - l e v e l i n g  heads would be a  good investment  f o r  most fa rmers  
i n  t h e  Columbia Basin who use wheel l i n e s  e s p e c i a l l y  i f  t h e  
a p p l i c a t i o n  of chemicals  through t h e  s p r i n k l e r  system may be 
a  p r a c t i c e .  I urge a l l  of you rvho use  wheel 
a l s o  t h e  use  of s e l f - l e v e l i n g  heads.  

Slope o r  :? levat ion T i f f e r e n c e s  i n  t he  ? i e l d  

:?'hat e f f e c t  does s l o p e  o r  changes i n  e l e v a t i o n  i n  t h e  f i e l d  
covered by t h e  s p r i n k l e r  system have on iis ncrformance? You 
w i l l  n o t e  t h a t  manufac ture rs  of s p r i n k l e r  equiament recommend 
reduced r a t e s  of a p p l i c a t i o n  a s  t h e  s l o p e  i n c r e a s e s .  :Ior:'ever, 
o u r  main concern i s  wi th  t h e  e f f e c t  of s l o p e  on r a t e r  listri- 
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-- - 



bution.  Slope o r  e l e v a t i o n  d i f f e r e n c e s  i n  t h e  f i e l d  cause 
p r e s s u r e  d i f f e r e n c e s  i n  t h e  s p r i n k l e r  system un less  compen- 
s a t e d  f o r  i n  the  design o r  by o t h e r  means. L e t ' s  use an ex- 
ample of an i n s t a l l a t i o n  here  i n  the  Basin t h a t  w i l l  i l l u s t -  
r a t e  t h e  p o i n t  I am t r y i n g  t o  make. T h i s  is a  c i r c u l a r  s e l f -  
p rope l l ed  system i n s t a l l e d  on a  f i e l d  t h a t  has 100 f e e t  of 
d i f f e r e n c e  i n  e l e v a t i o n  from top  t o  bottom. Now is we conver t  
t h a t  100 f e e t  of e l e v a t i o n  d i f f e r e n c e  i n t o  p ressu re ,  we have 
43.3 pounds p e r  s p a r e  inch of p ressu re .  I f  t h e  s p r i n k l e r  on 
t h e  end of t h e  l a t e r a l  has an opera t ing  p r e s s u r e  of 35 pounds 
p e r  square  inch when it is on t h e  h i g h e s t  p a r t  of the  f i e l d ,  
it w i l l  have s n  opera t ing  p r e s s u r e  of 78 pounds p e r  square 
inch when it reaches  t h e  low p a r t  of t h e  f i e l d  [35 p s i  + 43 
p s i  - 78 ps i ] .  The a c t u a l  d i f f e r e n c e  would be somewhat l e s s  
than  t h i s  because of t h e  increased  f r i c t i o n  l o s s  r e s u l t i n g  
from t h e  increased  water flow i n  t h e  l a t e r a l .  Using a  9/64" 
nozzle  a s  an  example. a t  35 pounds p e r  s p a r e  inch  it p u t s  o u t  
3 .40  g a l l o n s  p e r  minute. A t  78 pounds p e r  square inch  a  9/64" 
nozzle  p u t s  out  5.11 g a l l o n s  p e r  minute. This means t h a t  a s  
t h i s  system r o t a t e s  it could apply up t o  50:6 more water  on t h e  
lower p a r t  of t h e  f i e l d  than  it a p p l i e s  on the upper p a r t  of 
t h e  f i e l d .  I t  is obvious then  t h a t  i f  t he  upper p a r t  of t h i s  
f i e l d  is adequate ly  i r r i g a t e d ,  t h a t  leaching  w i l l  occur on t h e  
lower p a r t  because it w i l l  be c o n s t a n t l y  over i r r i g a t e d .  I f  
n i t rogen  is app l i ed  through t h i s  system, a s  it was t h i s  p a s t  
y e a r ,  it can a l s o  be expected t o  be leached s i n c e  it moves 
r e a d i l y  with t h e  water  i n  t h e  s o i l .  Likewise any o t h e r  chem- 
i c a l  app l i ed  through t h i s  system could be expected t o  have an  
a p p l i c a t i o n  p a t t e r n  s i m i l a r  t o  t h a t  of the  water. Elevat ion  
d i f f e r e n c e s  i n  t h e  f i e l d  w i l l  a f f e c t  t h e  performance of a l l  
systems because of p ressu re  changes u n l e s s  they  a r e  compensa- 
t e d  f o r  i n  the  design o r  c o r r e c t i v e  measures a r e  used t o  pre- 
vent it. I n  t h i s  system t h e  c o r r e c t i v e  measure needed is t h e  
i n s t a l l a t i o n  of p r e s s u r e  c o n t r o l  r e g u l a t o r s  i n  each s p r i n k l e r  
r i s e r .  

Now I would l i k e  t o  show you t h e  r e s u l t s  of some t e s t s  we 
r a n  on a  s o l i d - s e t  s p r i n k l e r  system t h i s  p a s t  season. Here 
changes i n  s p r i n k l e r  head and nozzle  s i z e  r e s u l t e d  i n  consid- 
e r a b l e  improvement i n  t h e  d i s t r i b u t i o n  p a t t e r n  of t h e  system. 
I n  running t h e s e  t e s t s  "catch cansn were placed i n  a  g r i d  pa t -  
t e r n  under a  p o r t i o n  of t h e  system. You s e e  here  i n  graph form, 
f i g u r e s  2 ,  3 ,  4, and 5, the  amounts of water  t h a t  f e l l  i n  t h e  
cans a t  t h e  d i f f e r e n t  l o c a t i o n s  between t h e  l a t e r a l s .  

:ire r a n  t h e  f i r s t  t e s t ,  f i g u r e  2 ,  because t h e  crop was 
showing d e f i n i t e  s i g n s  of mois ture  s t r e s s  between the  l a t e r a l s .  
The t e s t  p a t t e r n  c l e a r l y  shows the  reason f o r  t h e s e  drought 
symptoms. The dashed l i r e  shows t h e  t h e o r e t i c a l  a p p l i c a t i o n  
r a t e  i n  each case  based on nozz le  p r e s s u r e ,  nozzle  s i z e  and t h e  
c o e f f i c i e n t  of uniformity.  Nind was a  f a c t o r  i n  t h i s  t e s t .  In  
a  second t e s t ,  f i g u r e  3 ,  a l a r g e r  nozzle  i n  t h e  same head gave 
an improved d i s t r i b u t i o n  p a t t e r n  but  it s t i l l  was not  s a t i s f a c -  
tory .  Heads 2 and 3 ,  f i g w e s  4  and 5 ,  t e s t e d  a t  the  same time 
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and under t h e  same c o n d i t i o n s  a s  heacl ?io. 1. gave much more 
uniform d i s t r i b u t i o n  p a t t e r n s .  

L a s t  of a l l  ~ : o  g e t  t o  t he  b i e g e s t  cul .pri- t  of a l l  --- 
r:.ind! There is l i t t l e  6oubt t h a t - w i n d  is  t h e  major cs.tzse of 
d i s t o r t e d  spr ink l .e r  p a t t e r n s  i n  t h e  Columbia Basin and i t i s  
t h e  one over  which we have t h e  l e a s t  c o n t r o l .  The same con- 
c l u s i o n  h a s  been roached i n  o t h e r  are2l.s. 'Ye have a l l  s een  its 
e f f e c t s  on our  f i e l d s .  Sys t ens  l o  va ry  i n  t he  amount of d i s -  
t r i b u t i o n  p a t t e r n  C i s t o r t i o n  t h a t  a  g iven  amount o f  wind . ( s i l l  
cause. The h e i g h t  of t h e  s p r i n k l e r  heacl above t h e  ground,  t h e  
s t r e s m  s i z e ,  t h e  nozz l e  a n g l e ,  t h e  p r e s s u r e ,  t h e  s?ac ing ,  t h e  
wind speed and d i r e c t i o n  a l l  havo t h e i r  i n f l u e n c e  on t h e  amount 
of d i s t o r t i n n  t h a t  win?. wi1.l ceuse .  ??esearch is going on t o  
p r o v i d e  b e t t e r  wind t o l e r a n c e  i n  s p r i n k l e r  systems. IIowever, 
wind s t i l l  remains ,  a t  tho  p r o s e n t  t ime ,  our  ntw-her one prob- 
lem i n  wa te r  d i s t r i b u t i o n  th rough  s p r i n k l e r s .  The main sug- 
g e s t i o n  I can make is t h a t  f e r t i l i z e r s  an6 o t h e r  chemicals  no-t 
be a p p l i e d  through s p r i n k l e r  sys tems  d u r i n g  windy pe r iods .  

\ g a i n  l e t  me s a y  t h a t  my purpose  he re  was n o t  t o  he c r i t i -  
c a l  of s y r i n k l o r s  o r  s p r i n k l i n g  a s  a  means of i r r i g a t i o n ,  bu t  
r a t h e r  t o  p o i n t  o u t  some of t h e  major  f a c t o r s  a f f e c t i n g  a a t c r  
d i s t r i b u t i o n  through s p r i n k l e r s  i n  t h e  Columbia Basin. 


