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b 

COMPACTION OF T R I A N G U L A R  A N D  PARABOLIC IRRIGATION FURROWS 

INTRODUCTION 

A significant portion of the surface i r r igated cropland i n  the western 

United States i s  located in alluvial  valleys. For example, in Wyoming, an 

estimated 350,000 ha of the total  of 730,000 ha of surface irrigated land i s  

in alluvial  valleys, and there are 21,000,000 ha of surface irrigated lands in 

the 17 western s ta tes  (Anon .  1982).  Soils i n  these valleys are typically 

sandy, and have very high water i n f i l t r a t ion  rates.  The problem of high ~ 

i n f i l t r a t ion  rates i s  particularly severe when minimum t i l l age  practices are 

used in these so i l s .  

Furrows are normally formed using a furrow opener. This device leaves 

the furrow surface relat ively loose and rough.  These factors contribute t o  

high in f i l t r a t ion  and t o  erosion and transport o f  sediments b o t h  within the 

f i e ld  and with t a i l  water. 

A compaction ro l l e r  will firm and smooth the furrow wall and  bot tom. 

Compaction reduces the in f i l t r a t ion  ra te ,  and water advances more rapidly 

across the f i e ld  because of the smooth furrow surface. Water intake, thus, i s  

more nearly uniform along the en t i re  length of the furrow. Less total  water 

i s  required and water i s  applied more uniformly. With appropriate compaction 

o f  i r r igat ion furrows, crop production should be enhanced with less  water and 

with reduced water degradation. 

Although n o t  d i rect ly  addressed i n  current research, a significant possi- 

b i l i t y  ex is t s  for  savings o f  plant nutrients,  particularly nitrogen. Assuming 

t h a t  l O O m m  of excess water becomes deep seepage on the 350,000 ha o f  surface 

i r r igated area in the alluvial  valleys of Wyoming and using values reported by 
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Duke (1978), between 6,700 and 21,000 m e t r i c  tons o f  n i t r o g e n  are leached t o  

ground waters f rom a l l u v i a l  v a l l e y s  each year  i n  t h e  Sta te  o f  Wyoming. I t  

should be noted t h a t  lOOmm o f  deep p e r c o l a t i o n  i s  a very conservat ive e s t i -  

mate. A d d i t i o n a l  b e n e f i t s  o f  fu r row compaction i n c l u d e  improved i r r i g a t i o n  

t a i l  water qua1 i t y  because o f  reduced eros ion  and t h e  corresponding reduc t ion  

i n  sediments t r a n s p o r t e d  t o  t a i l  water c o l l e c t i o n  f a c i l i t i e s  o f  streams. 

Compaction of furrow w a l l s  prov ides several  d i r e c t  b e n e f i t s  t o  i r r i g a -  

t i o n .  F i r s t ,  compaction decreases t h e  r a t e  o f  i n f i l t r a t i o n  o f  water f rom t h e  

fu r row t o  t h e  surrounding s o i l .  K h a l i d  and Smith (1978) repor ted  approx i -  

mate ly  40 percent  decrease i n  t h e  r a t e  o f  i n f i l t r a t i o n  f rom compacted fur rows 

i n  sandy s o i l  

Soothing fu r row w a l l s  s i g n i f i c a n t l y  decreases t h e  res is tance t o  f l o w  o f  

water i n  furrows. B o r r e l l i ,  e t  a l .  (1982) repor ted  t h a t  water advanced 

approx imate ly  40 percent  f a s t e r  i n  compacted furrows. The combined e f f e c t  o f  

reducing t h e  i n f i l t r a t i o n  r a t e  and i n c r e a s i n g  t h e  r a t e  o f  water f l o w  i n  t h e  

f u r r o w  i s  t o  p rov ide  a n e a r l y  equal o p p o r t u n i t y  t ime along t h e  l e n g t h  o f  t h e  

fur row.  T h i s  means t h a t  t h e  u n i f o r m i t y  o f  i r r i g a t i o n  and t h e  i r r i g a t i o n  

e f f i c i e n c y  would be increased. Based on r e s u l t s  repor ted  by B o r r e l l i  (1982), 

t h e  e f f i c i e n c y  o f  sur face  i r r i g a t i o n  w i t h  compacted fu r rows may be n e a r l y  

equal t o  t h e  e f f i c i e n c y  o f  s p r i n k l e r  i r r i g a t i o n .  

As i n d i c a t e d  above, B o r r e l l i  (1982) and K h a l i d  and Smith (1978) used 

compaction t o  c o n t r o l  fu r row i r r i g a t i o n .  However, n e i t h e r  o f  these i n v e s t i -  

ga t ions  prov ided an o v e r a l l  a n a l y s i s  o f  t h e  p o t e n t i a l  b e n e f i t s  o f  fu r row 

compaction. Fur ther ,  a l though bo th  o f  these i n v e s t i g a t i o n s  produce consider-  

ab le  i n f o r m a t i o n  r e q u i r e d  f o r  t h e  design o f  t h e  compaction system, n e i t h e r  

research e f f o r t  eva luated t h e  compaction system. 
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The c u r r e n t  research was conducted d u r i n g  t h e  1985 growing season a t  t h e  

U n i v e r s i t y  o f  Wyoming, Powell  Research and Extens ion Center. A t  Powell , t h e  

exper iments were conducted on c o n v e n t i o n a l l y  t i  1 l e d  d r y  beans w i t h  a fu r row 

l e n g t h  o f  320111. Water was d e l i v e r e d  u s i n g  50.8mm siphon tubes. The s o i l  a t  

Powell was c l a s s i f i e d  as a c l a y  loam, b u t  i t s  i r r i g a t i o n  c h a r a c t e r i s t i c s  

resembled those o f  a coarse sand. The s o i l  formed ve ry  coarse g r a n u l a r  

aggregates and thus,  had h i g h  water  i n t a k e  r a t e  and r e q u i r e d  an i n i t i a l  f l o w  

r a t e  i n  excess o f  90 l / m i n  t o  move water  down t h e  f u r r o w  a t  a reasonable r a t e .  

The maximum f low r a t e  f o r  non-eros ive f l o w  should have been l e s s  than 76 l / m i n  

(Marr,  1967). 

OBJECTIVES 

1. 

2.  

3. 

To eva lua te  t h e  h y d r a u l i c ,  i n f i l t r a t i o n  and e r o s i o n  s t a b i l i t y  o f  compac- 

t e d  t r i a n g u l a r  and p a r a b o l i c  fur rows.  The e v a l u a t i o n  w i l l  be based on 

i r r i g a t i o n  e f f i c i e n c y ,  u n i f o r m i t y  and sediment t r a n s p o r t  w i t h i n  and from 

t h e  f i e l d .  

To develop a method f o r  p r e d i c t i n g  t h e  r e q u i r e d  f u r r o w  compaction e f f o r t  

t o  achieve d e s i r e d  h y d r a u l i c  and i n f i l t r a t i o n  c h a r a c t e r i s t i c s .  

To redes ign  t h e  exper imenta l  compaction machine t o  accommodate p a r a b o l i c  

shaped wheels i n  a d d i t i o n  t o  t h e  e x i s t i n g  t r i a n g u l a r  shaped wheels, and 

t o  eva lua te  performance o f  t h e  machine i n  t h e  f i e l d  w i t h  va r ious  l e v e l s  

o f  compaction e f f o r t .  

LITERATURE REVIEW 

Compaction i s  def ined as t h e  i nc rease  i n  s o i l  b u l k  d e n s i t y  as  a i r  and/or 

water  i s  f o r c e d  o u t  o r  r e d i s t r i b u t e d  among s o i l  pore spaces ( F i n k e l ,  1982). 

Compaction w i l l  r e s u l t  i n  a decreased p e r m e a b i l i t y  o f  t h e  s o i l  t o  water and/or 
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in a decreased permeability o f  the soil  t o  water and/or a i r  (Bailey, 1968). 

Several factors can influence soil  compaction in an interrelated fashion. 

Among these are soil  moisture, soil  type, and  method of compaction. 

Several types of compaction equipment are available today .  These can be 

grouped into four  classes: 

1. 

2. Rammers (internal combustion and pneumatic) 

3 .  Sleds (torpedo and f l a t )  

4. Vibrators ( ro l l e r s  or plates)  

Roll e rs  (pneumatic, smooth wheeled and sheep's foot)  

Khalid and  Smith (1978) used a rammer-type compactor successfully i n  

sandy loam t o  produce smooth furrows, b u t  found speed of the unit a serious 

limiting factor .  Sleds are used in certain areas of agriculture,  b u t  tend n o t  

t o  leave a smooth surface in cohesive so i l s .  Generally, vibratory ro l le rs  are 

n o t  effect ive in cohesive so i l s  and  require a large number of passes a t  

typical travel speeds t o  obtain a given relat ive compactness (Lewis, 1961). 

O f  the above ro l l e r  types, the sheep's f o o t  design does n o t  leave a 

smooth surface, and must be disregarded. The pneumatic t i r e  can be used in 

b o t h  cohesive and cohesionless so i l s ,  b u t  i t  has a serious drawback with t i r e  

flexing. This will cause uneven loading and non-uniformity in furrow shape. 

The smooth-wheeled ro l l e r  seems t o  be the best tradeoff between speed and 

compaction ab i l i t y .  Bakhsh (1978) showed t h a t  an increase of 110% in forward 

speed only increased the in f i l t r a t ion  rate  by 15% f o r  a smooth-wheeled compac- 

tor. The wheel type also requires less  t o t a l  power when compared t o  the 

impact rammer (Khalid and Smith, 1978). 

Three basic shapes can be used for  the furrow cross section: tr iangular,  

trapezoidal and parabolic. The triangular shape i s  the easiest  t o  manufac- 

ture ,  and i s  typical of the shape made by most furrow openers. Parabolic has 
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t h e  advantage o f  be ing  t h e  most s t a b l e  (Chow, 1959) and should have d i f f e r e n t  

advance and i n f i l t r a t i o n  c h a r a c t e r i s t i c s  due t o  t h e  d i f f e r e n t  wet ted per imeter  

and h y d r a u l i c  rad ius .  The t rapezo ida l  i s  b a s i c a l l y  a compromise between the  

t r i a n g u l a r  and p a r a b o l i c ,  and thus, was n o t  considered f o r  t h i s  research. 

I n f i l t r a t i o n  r a t e  a long w i t h  b u l k  d e n s i t y  and r e s i s t a n c e  t o  p e n e t r a t i o n  

have s u c c e s s f u l l y  been used t o  determine t h e  degree o f  compaction (Schmidt, 

1963). E a r l i e r  research i n  Idaho ( Y a r r i s ,  1982) and Colorado ( K h a l i d  and 

Smith, 1978) demonstrated a d e f i n i t e  decrease i n  i n f i l t r a t i o n  r a t e s  w i t h  a 

corresponding increase i n  compaction weight .  

I n f i l t r a t i o n  can be de f ined as t h e  process i n  which t h e  water f rom the  

s o i l  sur face  f lows down i n t o  t h e  s o i l .  I t  depends on many i n t e r r e l a t e d  

f a c t o r s  which i n c l u d e  s o i l  type,  s o i l  t e x t u r e ,  s o i l  s t r u c t u r e ,  s o i l  mois ture,  

s o i l  temperature,  i o n  presence, water temperature, depth o f  water a p p l i e d  and 

t h e  method o f  a p p l i c a t i o n .  

The i n f i l t r a t i o n  process rep len ishes  a v a i l a b l e  water  and i s  t h e r e f o r e  

c r i t i c a l  f o r  p l a n t  growth (Nie lson,  e t  a1 . 1967). 

O f  t h e  many methods a v a i l a b l e  t o  measure i n f i l t r a t i o n ,  t h e  blocked-furrow 

t e s t  was used i n  t h i s  research. Other t e s t s  t h a t  have been used i n  t h e  past  

i n c l u d e  c y l i n d e r  i n f i l t r a t i o n ,  i n f l o w - o u t f l o w  measurements and t h e  volume 

b a l  ance based on advance ra tes .  The c y l  i nder - i  n f  i 1 t r a t i  on t e s t  i s very 

s i m i l a r  t o  t h e  b locked fu r row t e s t .  Whi le bo th  use f i x e d  area, they do no t  

account f o r  an average over  t h e  fu r row length .  

Davis and F r y  (1963) and Smerdon and Glass (1965) c la imed t h a t  t h e  

volume-balance method was t h e  most accurate,  s ince i t  takes i n t o  account an 

e n t i r e  l e n g t h  o f  fur row.  However, Karmel i ,  e t  a l .  (1978) found a s u b s t a n t i a l  

d i f f e r e n c e  f rom t h e  above and encouraged b locked- fur row o r  c y l i n d e r - i n f i l -  

t r a t i o n  t e s t s .  
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In t h i s  research, blocked-furrow t e s t s  were r u n  using a one-meter section 

o f  furrow isolated by two aluminum plates.  The f low o f  water was maintained 

a t  a constant head, a procedure in i t ia ted  by Bondurant  (1957) and S h u l l  

(1961). One major disadvantage of t h i s  approach i s  t h a t  i t  only involves a 

small section of the furrow length and the water has no horizontal velocity. 

Therefore, the soi l  structure i s  n o t  the same as compared t o  when i t  i s  

exposed t o  water. 

Penetrometers are a relatively inexpensive and extremely quick method of 

Force versus depth measurements can easily be o b t a i n i n g  soil  compaction d a t a .  

taken t o  determine b o t h  the degree and the relat ive depth of compaction. 

Cone index i s  defined as the average vertical force required t o  drive a 

cone penetrometer slowly t o  a certain depth (Finkel , 1982). I t  can be expres- 

sed in Newton's per square meter or in pounds per square inch, b u t  i s  usually 

treated as a dimensionless number ( C h a n  and Hendrick, 1968). Two sizes o f  

cones are expressed as being s t a n d a r d  (ASAE standard S313.3): 20.27 mil l i -  

meters and 12.83 millimeters of projected surface area. All penetrometer 

readings obtained in th i s  research were taken using the 12.83 millimeter cone 

on the two-hand penetrometer. 

Chan  and Hendrick (1968) attempted t o  re la te  penetrometer soil  cone index 

values t o  soil  hydraulic conductivity. Other factors t h a t  influence soil  cone 

index readings are soil  moisture, soi l  texture,  depth o f  reading and soil  bulk 

dens i t y  . 
I n  general , i t  has been found  (Khalid, 1978) t h a t  b o t h  cone index read- 

ings and soi l  strength increase as: 

1. 

2 .  water content decreases 

3. depth increases 

4. bulk density increases 

s i l t  and clay content increase 
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I n  Wyoming, soil  losses on slopes of only 0.5 percent have been measured 

as high as 1 ton/acre/irrigation for  furrow-type i r r igat ions (Michel, e t  a l . ,  

1983). This must be coupled w i t h  the fac t  t h a t  topsoil can normally be 

generated a t  a ra te  of less  t h a n  1 ton/acre/year under optimum conditions. 

Some f ie lds  have been observed t o  lose soil a t  a ra te  of 40/tons/acre/year 

(Michels e t  a l .  , 1983). 

~ 

I 

Along with the actual soi l  par t ic le  loss,  nutrients and pesticide parti-  

Duke e t  a l ,  (1978) claim a loss of 36 k g / h a  of nitrogen cles are also lo s t .  

with each centimeter of deep percolation. In addition, erosion can cause 

problems f o r  f i sh  and damage streams and reservoirs. 

Five major factors affect  the rate  of advance down a furrow: flow ra te ,  

slope, resistance t o  flow, in f i l t r a t ion  and shape. By use of the machine 

developed in th i s  research, one can par t ia l ly  control the l a s t  three 

parameters. 

The flow rate  can be constant or vary,  b u t  i t  should be controllable by 

the i r r iga tor  t h r o u g h o u t  the i r r igat ion.  The slope can be changed i n  eleva- 7 

tion over a distance while in f ac t ,  i t  i s  n o t  constant. This leaves the l a s t  

three parameters which can affect  advance. 

The resistance t o  flow can be taken as having two separate factors: the 

soil  surface and the vegetative growth.  Since conventional t i l l age  and furrow 

openers are used t o  open and clear the furrow, effects  of the vegetative 

growth may be disregarded. Therefore, the analysis can be simplified t o  a 

single factor  for  roughness, which i s  usually indicated by Manning's coeffi- 

cient 'In'' (Har t ,  1975).  

The in f i l t r a t ion  rate  i s  controlled by many factors including soil 

s t ructure ,  soil  type, temperature, texture,  and moisture. I t  also varies with 

time and location in the length of the furrow. 
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The shape o f  t h e  fu r row a l s o  has t o  be considered, as both t h e  wet ted 

per imeter  and volume o f  f l o w  are  af fected by t h e  shape. Most case s tud ies  

have used a wide, shal low channel t o  s i m p l i f y  t h e  problem. This  a l lows t h e  

h y d r a u l i c  r a d i u s  t o  be represented as t h e  depth o f  f l o w  and i n f i l t r a t i o n  i n  a 

downward d i r e c t i o n  o n l y  (Har t ,  1975) .  I n  t h e  case o f  a fur row,  t h e  problem 

becomes much more compl icated, because t h e  i n f i l t r a t i o n  func t ion  i s  two 

dimensional r a t h e r  than a s imple downward f low.  

Surface i r r i g a t i o n  i n v o l v e s  t h e  non-uni form f l o w  o f  water over a porous 

bed. The process i n v o l v e s  app ly ing  water  a t  t h e  upper end o f  t h e  f i e l d  and 

a l l o w i n g  t h e  water t o  f l o w  down t h e  slope. Ana lys is  o f  t h e  process u s u a l l y  

i n v o l v e s  t h e  water  advance over t h e  l e n g t h  o f  t h e  f i e l d ,  b u i l d u p  o f  impounded 

sur face  storage, d e p l e t i o n  o f  sur face-s to red  water and recess ion o f  water  f rom 

t h e  fu r row surface. These are  i l l u s t r a t e d  i n  F igure  1 along w i t h  t h e  i n t a k e  

o p p o r t u n i t y  t ime,  which i s  t h e  t ime a v a i l a b l e  f o r  water  t o  i n f i l t r a t e  the  

s o i l  . 
Measurement o f  t h e  t imes and d is tances i n v o l v e d  i n  F igure  1, along w i t h  

t h e  i n f l o w  and ou t f low r a t e s ,  normal ly  a l lows e v a l u a t i o n  o f  t h e  e f f i c i e n c y  and 

u n i f o r m i t y  o f  t h e  i r r i g a t i o n .  O f  t h e  several  i r r i g a t i o n - e f f i c i e n c y  measures, 

t h e  w a t e r - a p p l i c a t i o n  e f f i c i e n c y  i s  t h e  most u s e f u l  f o r  e v a l u a t i n g  i n - f i e l d  

performance. The w a t e r - a p p l i c a t i o n  e f f i c i e n c y  i s  def ined as t h a t  p o r t i o n  o f  

the  water  a v a i l a b l e  t o  t h e  f i e l d  t h a t  i s  r e q u i r e d  by t h e  crop. The water 

r e q u i r e d  by t h e  crop inc ludes  t h e  consumptive use and t h e  water r e q u i r e d  t o  

ma in ta in  a s u i  tab1 e s o i  1 balance ( 1  eaching requirement)  . 
The degree o f  u n i f o r m i t y  of water  a p p l i c a t i o n  i s  determined by t h e  

u n i f o r m i t y  of t h e  i n t a k e - o p p o r t u n i t y  t ime and t h e  v a r i a t i o n  o f  t h e  s o i l - w a t e r  

i n t a k e  ( i n f i l t r a t i o n ) ,  which are  c h a r a c t e r i s t i c  a long t h e  f i e l d .  I f  t h e  

i n t a k e  c h a r a c t e r i s t i c s  a r e  r e l a t i v e l y  constant,  one can achieve a h igh  degree 

o f  u n i f o r m i t y  w i t h  a constant  i n t a k e - o p p o r t u n i t y  t ime. 
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E f f i c i e n c y  and u n i f o r m i t y  a r e  o f t e n  a t  opposing ends o f  t h e  spectrum f o r  

i r r i g a t i o n  e v a l u a t i o n .  For  example, a p p l y i n g  water  f o r  ve ry  s h o r t  t ime 

pe r iods  may be h i g h l y  e f f i c i e n t ,  b u t  t h e r e  may be i n s u f f i c i e n t  water  a p p l i e d  

t o  t h e  t a i l  end o f  t h e  f i e l d .  T h i s  would cause t h e  e f f i c i e n c y  t o  be h igh ,  b u t  

t h e  u n i f o r m i t y  would be poor because a p o r t i o n  o f  t h e  crop might  n o t  r e c e i v e  

any water.  A l t e r n a t i v e l y ,  one can achieve good u n i f o r m i t y  by app ly ing  a l a r g e  

amount of wa te r  f o r  a l o n g  p e r i o d  o f  t ime.  I n  t h i s  case, t h e  in take-oppor tu-  

n i t y  t i m e  w i l l  be approx imate ly  equal over  t h e  l e n g t h  o f  t h e  fu r row,  b u t  

adverse e f f e c t s  may i n c l u d e  excess t a i l w a t e r  r u n o f f ,  e ros ion ,  water  l o g g i n g  

and l o s s  o f  s o i l  n u t r i e n t s .  Therefore,  t h e  u n i f o r m i t y  w i l l  be good, b u t  t h e  ~ 

w a t e r - a p p l i c a t i o n  e f f i c i e n c y  w i l l  be co r respond ing ly  poor. 

I n  genera l ,  a r a p i d  advance r a t e  f o l l o w e d  by a reduced f l o w  when water 

reaches t h e  f a r  end o f  t h e  f i e l d ,  w i l l  produce an e f f i c i e n t ,  u n i f o r m  i r r i g a -  

t i o n .  Therefore,  decreas ing t h e  advance t ime  by compaction o f  t h e  fu r row and 

fu r row-wa l l  smoothing should be b e n e f i c i a l  i n  improv ing f u r r o w - i r r i g a t i o n  

performance. 

Trends o f  b e n e f i t s  ob ta ined  by compacting i r r i g a t i o n  fur rows can be 

p r e d i c t e d  u s i n g  Hal 1 ' s (1956) s o l u t i o n  o f  t h e  Lewi s-Mi 1 ne (1938) equat ion.  

Al though t h i s  a n a l y s i s  a p p l i e s  t o  bo rde r  i r r i g a t i o n ,  t rends  should a l s o  be 

a p p l i c a b l e  t o  f u r r o w  i r r i g a t i o n .  

The Lewis-Mi lne equa t ion  i n v o l v e s  Manning's equa t ion  (Hansen, e t  a l .  

1979) and t h e  Kost iakov-Lewis i n f i l t r a t i o n  func t i on ,  z = K t a ,  where z i s  t h e  

depth o f  water  i n f i l t r a t e d ,  t i s  t ime  and K and a a r e  constants .  Decreasing 

t h e  exponent, a, by compacting t h e  s o i l ,  would decrease t h e  water  i n f i l t r a t e d  

and would thus  i nc rease  t h e  advance r a t e .  H y d r a u l i c  r e s i s t a n c e  t o  advance 

down t h e  channel i s  r e f l e c t e d  i n  Manning's c o e f f i c i e n t ,  n. I n  Manning's 

equat ion,  compacting and smoothing t h e  channel would decrease h y d r a u l i c  
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r e s i s t a n c e  (reduce n )  and would i nc rease  t h e  advance r a t e .  

s i s ,  one can observe t h e  f o l l o w i n g :  

From t h i s  analy-  

1. Compaction i s  more b e n e f i c i a l  i n  l o n g e r  fur rows.  

2. C o n t r o l l i n g  i n f i l t r a t i o n  ( reduc ing  a) i s  more impor tan t  than reducing 

roughness ( reduc ing  n )  o f  t h e  fu r row.  

As i n f i l t r a t i o n  becomes h igh ,  advance i s  r e l a t i v e l y  independent o f  n. 

Also,  advance becomes ve ry  slow and e s s e n t i a l l y  ceases a t  r e l a t i v e l y  

s h o r t  d i s tances  f o r  h i g h  i n f i l t r a t i o n  r a t e s .  

3 .  

Working i n  heavy c l a y  s o i l s ,  F locke r ,  e t  a1 . (1959) proved t h a t  compac- 

t i o n  may be b e n e f i c i a l  f o r  ge rm ina t ion  o f  tomatoes. However, s o i l  compacted 

beyond a c e r t a i n  d e n s i t y  s e r i o u s l y  a f f e c t e d  germinat ion and p l a n t  growth. The 

compacted s o i l  a l s o  lengthened t h e  t i m e  o f  emergence f o r  t h e  tomato p l a n t s .  

T a y l o r  and Gardner (1963) s t a t e d  t h a t  s o i l  s t r e n g t h ,  r a t h e r  than b u l k  

d e n s i t y ,  c o n t r o l l e d  r o o t  p e n e t r a t i o n  o f  c o t t o n  seedl ings i n  f i n e  sandy loam. 

I n  a s tudy o f  compacted p l o t s  o f  oats ,  Bourget, e t  a1 . (1961) found t h a t  

uncompacted areas gave b e t t e r  y i e l d s  than compacted areas. A check o f  y i e l d s  

o f  a l f a l f a  and o t h e r  grass crops d i d  n o t  i n d i c a t e  a wide margin o f  d i f f e r e n c e ,  

y e t  f avo red  uncompacted s o i l  f o r  p l a n t  growth. 

Henry and McKinnen (1967) concluded t h a t  r o o t  growth was re ta rded  i n  t h e  

compacted zone, b u t  t o p  growth was n o t  a f f e c t e d  by t h e  compaction. 

MACHINE DESIGN AND OPERATION 

The wheel t y p e  f u r r o w  compactor i s  shown d i a g r a m a t i c a l l y  i n  F igu re  2 and 

The machine c o n s i s t s  of f i v e  b a s i c  pa r t s ;  t h e  i n  f i e l d  o p e r a t i o n  i n  F i g u r e  3. 

opener, t h e  packer wheel, t h e  t o o l  ba r ,  t h e  t r a c t  1, e l i m i n a t o r  and t h e  frame. 
h’ 

The non-compacted f u r r o w  opener was cons t ruc ted  o f  m i l d  s t e e l  and was 

made t o  open a 110 degree i n c l u s i v e  fur row.  The design a l l owed  minor a d j u s t -  

ment o f  t h e  angle through t h e  at tachment t o  t h e  shank. For  t h e  compacted 
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F i g u r e  2a. Furrow packe r  diagram. 

12 



+ 1 

* 
v
) 

aJ aJ 
Ir: 
E L
 

aJ 
Y

 
V

 
rcI 
e
 

F
 

111 
cv 
aJ L 
3
 

cn 
L
 

*
P

 

13 



Figure 2c. Conventional Furrow Opener 
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Figure  3. Furrow packer  i n  f i e l d  o p e r a t i o n .  

1 -  13 



fur rows,  a wide c u l t i v a t o r  sweep was used t o  open t h e  fur row.  This  prevented 

c lods  and d e b r i s  f rom f a l l i n g  i n t o  t h e  fu r row behind t h e  compaction wheel. 

The c u l t i v a t o r  shank was mounted t o  t h e  frame i n  f r o n t  o f  t h e  packer wheel so 

t h e  wheel served as a depth guide. The v e r t i c a l  h e i g h t  of t h e  opener could 

a l s o  be ad jus ted  r e l a t i v e  t o  t h e  packer wheel. 

The packer wheel was cons t ruc ted  o f  laminated 25.4mm nominal (19mm a c t -  

u a l )  p i n e  t o  form t h e  shape shown i n  F igure  1. Two wheel shapes were f a b r i -  

cated; t r i a n g u l a r  and t r a p e z o i d a l .  The t r i a n g u l a r  shape was f a b r i c a t e d  w i t h  an 

i n c l u s i v e  angle o f  110 degrees. The shape o f  t h e  p a r a b o l i c  was y = 0.0379~2 

where y i s  t h e  r a d i a l  d is tance change and x i s  p o s i t i o n  along t h e  a x i s  o f  

r o t a t i o n .  T h i s  equat ion was se lec ted  based on a f i e l d  survey o f  t h e o r e t i c a l  

a n a l y s i s  o f  f u r r o w  s t a b i l i t y .  A f t e r  each wheel was laminated and shaped, i t  

was covered w i t h  r e i n f o r c e d  f i b e r g l a s s  and g iven a smooth f i n i s h .  Two s t e e l  

p l a t e s  were a t tached t o  t h e  s ides and connected by l o n g  threaded studs. 

Two f l u s h  mounted bear ings were at tached t o  t h e  s t e e l  p l a t e .  The 25.4mm 

diameter a x l e  was p u t  i n  p lace  and h e l d  us ing  l o c k i n g  c o l l a r s .  The a x l e  was 

then at tached t o  t h e  frame us ing  p i l l o w  b l o c k  bear ings.  Both se ts  o f  bear ings 

were o f  t h e  r o l l e r  bear ing  type,  w i t h  grease f i t t i n g s  and l o c k i n g  c o l l a r s .  

The t o o l b a r  was a standard 57mm diamond t o o l b a r  w i t h  an A-frame at tached 

t o  a l l o w  hook up t o  t h e  t r a c t o r  t h r e e  p o i n t  h i t c h .  

The t r a c k  e l i m i n a t o r s  were used on t h e  t r a c t o r  wheel rows t o  e l i m i n a t e  

compaction f rom t h e  t r a c t o r  wheels. Each r e a r  wheel was f o l l o w e d  by t h r e e  

shanks w i t h  sheeps f o o t ,  c u l t i v a t o r s .  By running these a t  40mm depth, sur face 

e f f e c t s  o f  t h e  t r a c t o r  were removed, b u t  e f f e c t s  o f  deeper wheel compaction 

remained. 

The frame was made o f  m i l d  s t e e l  angle,  f l a t  s tock and s o l i d  bar .  With 

t h e  except ion  o f  t h e  f o u r  b a r  l inkage,  t h e  e n t i r e  assembly was welded. The 
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four b a r  linkage was designed t o  allow 75mm of  vertical travel each way from 

center height. Weights were fabricated b a r  stock and weighed approximately 

5kg  each. Each frame could hold 26 weights or an additional 80 kg o f  weight. 

The base weight of the frame w i t h  the opener and wheel attached was 70 kg. 

The weights were placed so the vertical force component on the wheel was equal 

t o  the weight added. 

The en t i re  frame assembly was made t o  ride on the wheel rather than a 

guide wheel. This led t o  more accurate depth of compaction and the weight 

aided in the compaction. The machine was adjusted t o  allow the toolbar t o  

ride as low t o  the ground as possible. This allowed the four b a r  linkage t o  

r ide approximately horizontal which, in turn, allowed fu l l  vertical movement 

of the packer wheel re la t ive t o  the t o o l  b a r .  

I n i t i a l  depth set t ings were obtained by placing the t rac tor  and compactor 

on a level surface a n d  lowering the tool bar .  After loosening a l l  clamps, the 

tool b a r  was lowered until  the four  b a r  linkages were approximately 

horizontal. All the furrow opener clamps were then tightened. The tool b a r  

was then raised approximately 80mm and the track eliminators were tightened in 

th i s  position. After tightening a l l  clamps, the machine was ready for  the 

f i e ld .  

Once adjusted, weights could be added or subtracted without further 

adjustment t o  the packer wheel t o o l b a r  height. The machine could be easily 

transported t o  the f i e ld  using the t ractor  three point hitch. I n  the f i e ld ,  

the t rac tor  was lined u p  with the rows, the three point hitch was lowered and 

the t rac tor  proceeded down the f i e ld .  The opener was r u n  approximately 

70-1OOmm below the Soil surface. This pushed the soil  ou t  of the way and 

allowed the wheel t o  fo l low and compact the furrow surface. A t  the end of the 

f i e ld ,  the packer was l i f t e d  and the t rac tor  was positioned for  the return on 

the next f ive  rows. 
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TEST EQUIPMENT AND PROCEDURES 

The fu r row packing machine was used w i t h  a John Deere 630 t r a c t o r ,  having 

a r a t e d  power ou tpu t  o f  36 k i l o w a t t s .  T r a c t o r  power was n o t  a problem, b u t  

l i f t  c a p a c i t y  ( a b i l i t y  t o  r a i s e  t h e  implement) was marginal  w i t h o u t  a d d i t i o n a l  

f r o n t  end weights.  

The depth o f  compaction was v a r i e d  by a d j u s t i n g  t h e  v e r t i c a l  p o s i t i o n  o f  

'the fu r row opener r e l a t i v e  t o  t h e  compaction wheel ( F i g u r e  2 )  and by app ly ing  

weights  t o  t h e  wheel. Each fu r row assembly " f l o a t e d "  r e l a t i v e  t o  t h e  t r a c t o r  

t h r e e  p o i n t  h i t c h ,  through t h e  p a r a l l e l  l i n k a g e  attachment. Th is  design 

a l lowed some l e v e l i n g  a c t i o n  by t h e  opener, because t h e  f i n a l  fu r row depth was 

c o n t r o l l e d  by t h e  t r a i l i n g  compaction wheel. 

. 

Weight f o r  compaction was added by p l a c i n g  5kg weights  i n  sets  o f  f o u r  

over t h e  compacting wheel. T h i s  l e d  t o  t e s t i n g  o f  t h r e e  compaction l e v e l s ;  no 

added weight ,  40kg o f  added weight ,  and 80kg o f  added weight.  A c o n t r o l  

fu r row was a l s o  made u s i n g  o n l y  a fu r row opener i n  t h e  center  row o f  t h e  

fu r row compaction machine. Dur ing t h e  experiment, t h r e e  se ts  o f  data were 

obtained, those being; no compaction, compaction w i t h  h a l f  t h e  added weight,  

and f u l l  we igh t  compaction. Data were a l s o  c o l l e c t e d  i n  wheel fur rows,  i n  

which t h e  t r a c t o r  wheels t r a v e l e d  versus fur rows i n  which they d i d  not .  

The f i e l d  was l a i d  o u t  (F igure  4, 5,  6, and 7 ) ,  u s i n g  random number 

generat ion w i t h  compaction l e v e l  as t h e  v a r i a b l e .  Dur ing t h e  i n i t i a l  layout ,  

t h e  f i e l d  was surveyed a t  25m i n t e r v a l s  t o  determine slope, and i r r i g a t i o n  

advance s t a t i o n  i n t e r v a l s  were e s t a b l i s h e d  a t  80m i n t e r v a l s .  

I n f i l t r a t i o n  was measured us ing  b locked fu r row t e s t s  l m  i n  length .  A 

constant  head tank, was used t o  measure t h e  volume i n f i l t r a t e d .  The blocked 

fu r row t e s t s  were conducted on t h e  day preceding i r r i g a t i o n .  Geometric 

d i f f e r e n c e s  between t r i a n g u l a r  and p a r a b o l i c  fur rows were accounted f o r  by 

a d j u s t i n g  t h e  depth o f  water i n  t h e  i n f i l t r a t i o n  t e s t .  
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ROW ROW TYPE 

1 TNFW 
2 PWFW 
3 c  
4 TWFW 
5 PNFW 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19  
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 

PNFW 
TW FW 
C 
PWFW 
TNFW 
TNFW 
PWFW 
C 
TWFW 
PNFW 
PNFW 
TWFW 
C 
PWFW 
TNFW 
TNHW 
PWHW 
C 
TWHW 
PNHW 
PNHW 
TWHW 
C 
PWHW 
TNHW 
TNHW 
PWHW 
C 
TWHW 
PNHW 
PNHW 
TWHW 
C 
PWHW 
TNHW 

D I STANCE 
0 m. 160 m. 320 m. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Legend: TNFW = T r i a n g u l a r  shape, nonwheel row, f u l l  weight  
PNFW = P a r a b o l i c  shape, nonwheel row, f u l l  we igh t  
P = P a r a b o l i c  shape, T = T r i a n g u l a r  shape 
N = Nonwheel row, W = Wheel row, C = Check row 
FW = F u l l  Weight, HW = H a l f  we igh t  

F igu re  4. F i e l d  Layout,  Powell ,  Wyoming 
I r r i g a t i o n  #1, June 13, 1985 
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ROW 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 

ROW TYPE 

TNFW 
PWFW 
C 
TWFW 
PNFW 
TNHW 
PWHW 
C 
TWHW 
PNHW 
TNHW 
PWHW 
C 
TWHW 
PNHW 
TNFW 
PWFW 
C 
TWFW 
PNFW 
TNFW 
PWFW 
C 
TWFY 
PNFW 
TNFW 
PWFW 
C 
TWFW 
PNFW 
TNHW 
PWHW 
C 
TWHW 
PNHW 
TNHW 
PWHW 
C 
TWHW 
PNHW 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DISTANCE 
0 m. 160 m. 320 m. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Legend: TNFW 
PNFW 

= T r i a n g u l a r  shape, nonwheel row, f u l l  weight  
= P a r a b o l i c  shape, nonwheel row, f u l l  weight  

P = P a r a b o l i c  shape, T = T r i a n g u l a r  shape 
N = Nonwheel row, W = Wheel row, C = Check row 
FW = F u l l  Weight, HW = H a l f  weight  

F igu re  5. F i e l d  Layout, Powel l ,  Wyoming 
I r r i g a t i o n  #2, J u l y  08, 1985 
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ROW 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 

ROW TYPE 

TNFW 
PWFW 
C 
TWFW 
PNFW 
TNHW 
PWHW 
C 
TWHW 
PNHW 
PNHW 
TWHW 
C 
PWHW 
TNHW 
TNHW 
PWHW 
C 
TWHW 
PNHW 
PNFW 
TWFW 
C 
PWFW 
TNFW 
TNFW 
PWFW 
C 
TWFW 
PNFW 
PNHW 
TWHW 
C 
PWHW 
TNHW 
PNFW 
TWFW 
C 
PWFW 
TNFW 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

DISTANCE 
0 m. 160 rn. 320 m. 

Legend: TNFW = T r i a n g u l a r  shape, nonwheel row, f u l l  weight 
PNFW = P a r a b o l i c  shape, nonwheel row, f u l l  weight  
P = P a r a b o l i c  shape, T = T r i a n g u l a r  shape 
N = Nonwheel row, W = Wheel row, C = Check row 
FW = F u l l  Weight, HW = H a l f  we igh t  

F i g u r e  6. F i e l d  Layout,  Powel l ,  Wyoming 
I r r i g a t i o n  #3, J u l y  23, 1985 
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ROW 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 

ROW TYPE 

PNFW 
TWFW 
C 
PWFW 
TNFW 
TNHW 
PWHW 
C 
TWHW 
PNHW 
PNHW 
TWHW 
C 
PWHW 
TNHW 
TNFW 
PWFW 
C 
TWFW 
PNFW 
PNFW 
TWFW 
C 
PWFW 
TNFW 
TNHW 
PWHW 
C 
TWHW 
PNHW 
TNFW 
PWFW 
C 
TWFW 
PNFW 
PNHW 
TWHW 
C 
PWHW 
TNHW 

Legend: TNFW = 
PNFW = 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

D I STANCE 
0 m. 160 m. 320 m. 

T r i a n g u l a r  shape, nonwheel row, f u l l  weight  
Parabol i c shape, nonwheel row, f u l l  weight  

P = P a r a b o l i c  shape, T = T r i a n g u l a r  shape 
N = Nonwheel row, W = Wheel row, C = Check row 
FW = F u l l  Weight, HW = H a l f  weight  

F igu re  7. F i e l d  Layout, Powel l ,  Wyoming 
I r r i g a t i o n  #4, August 13, 1985 
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Water conten t  samples were taken a t  t h e  s o i l  sur face.  These readings 

were taken a long t h e  l e n g t h  o f  t h e  f i e l d  and averaged. 

Recession data were measured by record ing  t h e  t imes a t  which f l o w  stopped 

a t  t h e  head o f  t h e  fur row,  each i n t e r v a l  s t a t i o n  along t h e  fu r row and t a i l  o f  

t h e  fur row.  Based on these measurements, t h e  recess ion curves were estab- 

l i s h e d .  It should be noted t h a t  recess ion data were very d i f f i c u l t  t o  o b t a i n  

because o f  n o n - u n i f o r m i t i e s  i n  t h e  f i e l d ,  fur rows and v a r i a t i o n s  i n  t h e  

s o i l - w a t e r  i n t a k e  f u n c t i o n .  Only one s e t  o f  recess ion data was obta ined due to 

t h e  r e l a t i v e l y  s h o r t  recess ion t ime f o r  t h e  f i e l d .  

On t h e  f i r s t  s e t  o f  measurements, t rapezo ida l  flumes were used t o  measure 

fu r row f lows.  Observat ions o f  f lows from the  siphon tubes w i t h  t h e  f lumes 

i n d i c a t i n g  n e a r l y  i d e n t i c a l  f lows i n d i c a t e d  t h a t  t h e r e  were ser ious problems 

w i t h  t h e  f lumes. The expansive and uns tab le  na ture  o f  t h e  s o i l  c o n t r i b u t e d  t o  

t h e  problem, and i t  was impossib le  t o  ma in ta in  t h e  f lumes i n  p o s i t i o n .  For 

t h i s  reason, a rack  (F igure  8 )  was cons t ruc ted  on t h e  d i t c h  bank which enab led  

p o s i t i o n i n g  and ho ld ing f i the  s iphon tubes so t h e  head d i t c h  e s s e n t i a l l y  became 
0 4  

a constant  head tank. Siphon tubes were c a l i b r a t e d  f o r  f l o w  a t  var ious  water 

e l e v a t i o n s  and t h e  c a l i b r a t i o n  was used t o  determine a l l  f lows i n  subsequent 

t e s t s .  T h i s  method was very successful  i n  ma in ta in ing  constant  f lows i n  t h e  

tubes and fur rows.  

Furrow f l o w  r a t e s  were mainta ined a t  l e v e l s  i n  excess o f  90 l / m i n  f o r  a l l  

t e s t s .  T h i s  r e l a t i v e l y  h i g h  r a t e  was r e q u i r e d  i n  o rder  t o  have the  water 

reach t h e  end o f  t h e  f i e l d  i n  a reasonable t ime per iod.  

s i v e  f l o w  f o r  t h i s  s o i l  t ype  and t h e  0.5% s lope was 76 l / m i n  (Marr, 1967). 

The maximum non-ero- 

Flumes were s e t  a few meters beyond f i n a l  stakes i n  t h e  f i e l d  t o  o b t a i n  

sediment samples f rom t h e  fur row.  Flows i n d i c a t e d  i n  t h e  flumes were o f  

ques t ionab le  value, and thus, were n o t  used i n  t h e  a n a l y s i s  o f  data.  Sediment 
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Figure 8. Constan t  head rack for s iphon  tubes. 



samples were obtained t o  indicate steady s t a t e  sediment losses and t o  obtain 

histograms of sediment losses from the furrows. 

Sediment concentrations were determined by f i l t e r ing  the sample t r o u g h ,  a 

The f i l t e r ed  sample was oven 

I 

9cm Buchner f i l t e r  w i t h  Whatman 44 f i l t e r  paper. 

dried t o  determine actual d r y  soil  weight. 

Soil penetration resistance measurements were obtained, the bottom o f  the -7 

furrows using a Soi l tes t  E L 5 1 6 - 0 1 0  hand held penetrometer modified fo r  use 

with the ASAE S t a n d a r d  (ASAE, 1982) cone. Locations were selected randomly 

a long  the rows. 

PLATE COMPACTION PROCEDURE AND RESULTS 

The plate compaction t e s t  was developed t o  model the compaction energy o f  

a smooth ro l le r .  By using moisture-density relationships and the required 

energy t o  compact the soil  t o  a desired d ry  density, a s e t  of curves may be 

generated for  a specif ic  soi 1 type (see Figure 9 )  . 
The equipment required t o  perform a plate compaction t e s t  includes a 

compression machine, CBR compaction mold, proving ring f i t t e d  with a dial 

gage, plunger, pointer and scale ,  soil  oven, soil  moisture cups, small t u b  and 

a balance. The t e s t  equipment i s  shown in Figure 10. 

Soil preparation must be done under highly controlled conditions. F i r s t ,  

a desired dry density for  the soil  must be selected. This i s  done by adding 

temperature s tabi l ized soil  t o  a small t u b ,  until the desired mass was 

obtained t o  produce the desired dry density in the 2000 cubic centimeter CBR 

compaction mold. The recommended oven temperature for  s tabi l iz ing was abou t  

30°C. Since the moisture content of the temperature stabil ized soil  can be 

estimated, the volume of water required t o  produce a given moisture content 

during compaction can be calculated. After measuring the water t o  be added t o  

the sample, i t  was mixed thoroughly in the t u b  of temperature stabil ized soil 
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Figure 10. Compaction test equipment, 
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and t h e  sample was covered immediately and s e t  as ide f o r  24 hours. A f t e r  t h e  

sample cured, t h e  s o i l  was p laced i n  t h e  CBR compaction mold very loose ly .  

The s o i l  was pressed s l i g h t l y  i n t o  t h e  mold u n t i l  t h e  p lunger  was f l u s h  w i t h  

t h e  t o p  o f  t h e  mold. 

A l l  compaction t e s t s  were run  a t  approximately t h e  same v e l o c i t y  s ince 

t h e  v e l o c i t y  o f  compaction would a f fec t  t h e  energy requirements (Parsons , e t  

a l .  1962). The prov ing  r i n g  scale was s e t  w i t h  t h e  compression machine on, 

t h e  f o r c e  readings were read a t  every . 5  cent imeters o f  compression u n t i l  t h e  

h e i g h t  o f  t h e  compacted sample was 11.0 cent imeters g i v i n g  a 2000 cubic  

cent imeter  volume compacted sample. The f o r c e  versus d is tance was then 

p l o t t e d  as shown i n  F igure  11. 

The shaded area under t h e  curve may be expressed i n  k i l o j o u l e s  per  cubic  

meter by approximat ing t h e  i n t e g r a l  u s i n g  a l e a s t  squares curve f i t  t o  so lve 

f o r  t h e  f o r c e  versus d is tance f u n c t i o n  and then s o l v i n g  f o r  t h e  d e f i n i t e  

i n t e g r a l .  The computer program, l i s t e d  i n  t h e  Appendix, was developed f o r  

t h i s  ana lys is .  

Penet ra t ion  r e s i s t a n c e  was then measured a t  t h e  c e n t e r  o f  t h e  molds. 

Resistance readings taken a t  t h e  var ious  depths were p l o t t e d  as a f u n c t i o n  o f  

t h e  i n t e g r a t e d  d r y  d e n s i t y  va lue and t h e  mois ture content  f o r  t h e  sample. By 

us ing  t h e  s i n g l e  l i f t ,  t h e  p e n e t r a t i o n  r e s i s t a n c e  and d r y  d e n s i t y  values 

should be r e p r e s e n t a t i v e  o f  values obta ined i n  t h e  f i e l d  by t h e  s i n g l e  pass 

r o l l  e r  compaction rnachi ne. 

A f t e r  p e n e t r a t i o n  r e s i s t a n c e  readings , t h e  mold and compacted s o i l  were 

weighed and two mois tu re  content  samples taken. All t h e  values have then been 

obta ined which w i  11 a1 1 ow moi s t u r e  content ,  compaction energy and d r y  dens i ty  

t o  be ca lcu la ted .  
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Since the soil  in the f i e ld  was approximately the same dry density, the 

furrow packer machine should apply the same energy t o  the so i l .  The iso- 

energy l ine  does n o t  imply constant dry density or moisture content (see 

Figure 11). 

A l t h o u g h  some of the f i e ld  compaction energy i s  dissipated i n  breaking u p  

clods a t  the low moisture contents, the energy curves developed will be useful 

in the understanding of the ro l le r  compaction system. I n  order t o  obtain 

f i e ld  densit ies t h a t  will improve the i r r i g a t i o n  character is t ics ,  the furrows 

need t o  be approaching the sticky l imit  moisture content during compaction. 

The energy applied t o  the soil  by the furrow compaction device%ore beneficial 

t o  the i r r igat ion character is t ics  when applied a t  higher moisture contents. 

X 

Field penetration resistance values will be used t o  predict hydraulic and 

i n f i l t r a t ion  character is t ics  o f  the compacted furrows. As explained in the 

Results section, t h i s  analysis will require compaction of a furrow flow model 

before in f i l t r a t ion  and advance characterist ics o f  the compacted furrows can 

be developed. This analysis will be included in a supplemental report. 

RESULTS 

The d a t a  collected during the f i e ld  t e s t s  included the furrow in-flows, 

advance and recession times, i n f i l t r a t ion  character is t ics ,  compaction soil 

water content, sediment concentrations in the furrow flows and penetration 

resistance of the furrow bottom. B o t h  parabolic and tr iangular furrows were 

compacted a t  half and fu l l  compaction weights and data were collected in wheel 

and non-wheel rows. Each pass through the f i e ld  included one uncompacted 

triangular furrow. 

All f i e ld  d a t a  are tabulated in the Appendix. For the present, the d a t a  

does demonstrate t h a t  wheel rows advanced more rapidly t h a n  non-wheel rows. 

30 



Larsen (1985) r e p o r t e d  an opposi te  e f fec t ,  b u t  ran  t h e  t r a c k  e l i m i n a t o r s  

approximately t w i c e  as deep as t h e  depth o f  opera t ion  used i n  these t e s t s .  

Apparent ly ,  compaction caused by t h e  t r a c t o r  wheels a t  depths o f  g r e a t e r  than 

40mm was b e n e f i c i a l  i n  reducing i n f i l t r a t i o n .  

The normal method o f  ana lyz ing  fu r row f lows i s  t o  assume t h a t  t h e  water 

l e v e l  i n  t h e  fu r row i s  a t  t h e  nominal depth a t  a g iven  d is tance along t h e  

fu r row a t  t h e  same t ime t h e  water advancing down t h e  fu r row reaches t h a t  

d is tance.  R e f e r r i n g  t o  F i g u r e  1, t h e  i n t a k e  o p p o r t u n i t y  t ime a t  any d is tance 

i s  d e f i n e d  as t h e  t ime between when t h e  water f i r s t  reaches a p o i n t  and the  

t ime when water  i n  t h e  fu r row disappears on recession. Thus, the  normal 

d e f i n i t i o n  o f  i n t a k e  o p p o r t u n i t y  t ime neg lec ts  t h e  b u i l d - u p  o f  t h e  depth o f  

water  i n  t h e  fu r row and t h e  decrease which occurs on recession. It has been 

demonstrated i n  t h e  a n a l y s i s  o f  data f rom t h i s  research t h a t  these assump- 

t i o n s  can r e s u l t  i n  over  e s t i m a t i n g  t h e  depth o f  water i n f i l t r a t e d  a t  a g iven  

p o i n t  a long t h e  fu r row by a f a c t o r  i n  excess o f  100%. I f  one i s  comparing 

s i m i l a r  i r r i g a t i o n  t reatments,  t h i s  e r r o r  i s  compensating, b u t  i t  becomes very 

s i g n i f i c a n t  when comparing v a s t l y  d i f f e r e n t  t reatments,  Comparison o f  i r r i g a -  

t i o n  e f f i c i e n c i e s  and u n i f o r m i t i e s  based on these assumptions would be g r o s s l y  

m i  sl eadi ng, 

I n f i l t r a t i o n  i s  s i g n i f i c a n t l y  a f f e c t e d  by t h e  t ime r a t e  o f  change o f  t h e  

wet ted per imeter  o f  t h e  fu r row and thus, t h e  depth o f  water  i n  t h e  furrow. 

S i m i l a r l y ,  t h e  advance down t h e  fu r row i s  a f f e c t e d  by h y d r a u l i c  r a d i u s  and 

i n f i l t r a t i o n .  Therefore,  when comparing t h e  performance o f  d i f f e r i n g  fu r row 

shapes, t h e  geometry o f  t h e  fu r row and t ime r a t e  o f  v a r i a t i o n  o f  t h e  depth o f  

f l o w  must be considered. For  t h e  present  research, t h e  problem i s  i l l u s t r a t e d  

i n  F igure  12. Note i n  t h e  f i g u r e  t h a t  water advance along t h e  t r i a n g u l a r  

fu r row i n  a very  smal l  stream and t h e  data i n d i c a t e  t h a t  t h e  advance occurred 
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Figure 12a. Water advancing on triangular furrow. 
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F i g u r e  12b. Water advanc ing  i n  p a r a b o l i c  f u r r o w .  
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rapidly. However, the q u a n t i t y  of flow was relatively small fo r  an extended 

time period, and only a small portion of the furrow was wet. The nominal 

depth of flow was not  established down f i e ld  in most triangular furrows for  

more than two hours a f t e r  the advance f ron t  passed. 

Advance and wetting occurred rather differently in the parabolic furrows. 

Referring t o  Figure 1 2 ,  the advancing water front was much broader, and the 

quantity of wetted soil  was much greater compared t o  the triangular furrows. 

Although advance was slower, the soil  was wet l i t e r a l l y  from row t o  row within 

a few minutes a f t e r  the advancing f ront  passed a given point, and the nominal 

depth o f  flow was established much more rapidly t h a n  in the triangular fur- 

rows. Because of these observations, and based on preliminary analysis of the 

d a t a ,  i t  was concluded t h a t  a l ternat ive procedures fo r  data analysis were 

requi red . 
The sediment data collected included steady-state samples and samples 

taken a t  time intervals for  use in establishing histograms. The available 

d a t a  indicates the concentrations o f  sediment in the furrow flows a t  various 

times during the i r r igat ion events. The d i f f icu l ty  with further analysis o f  

th is  information i s  the lack of re l iable  furrow flow d a t a .  The quantity of 

sediment moving in and from the f i e ld  i s  dependent upon the time rate  of flow 

in the furrows and from the furrows a t  the end of the f i e ld .  Because of the 

obvious d i f f icu l ty  with the flumes , an a l ternat ive method of evaluating furrow 

flows was required. 

A furrow flow model i s  being developed which will predict the flow of 

water in a furrow, the depth of water in the furrow and the rate  of i n f i l t r a -  

t i o n  from the furrow a t  any given time. The model i s  in the final stages of 

development, and i s  currently being calibrated against the f i e ld  d a t a .  

Advance d a t a  from the model compare very favorable with f i e ld  d a t a ,  b u t  a 
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minor modification must be made in the furrow water storage relationship t o  

improve the water depth estimate. When th i s  method of analysis i s  completed, 

the d a t a  will be evaluated and submitted in an appended report. 

The authors regret that  they are n o t  able a t  t h i s  time t o  provide a 

detailed and satisfactory analysis of the data. However, analysis of the d a t a  

by conventional methods did n o t  provide resul ts  t h a t  were consistent with 

f i e ld  observations. Because of time constraints,  and the fac t  t h a t  a suitable 

method of evaluation was n o t  available in the l i t e r a tu re ,  i t  was decided t h a t  

the best a l ternat ive was t o  proceed with the development of an improved method 

o f  analysis and provide a correct and appropriate interpretation of the d a t a  

when t h a t  development i s completed. 

CONCLUSIONS 

1. 

2. 

3. 

Deep compaction by the t rac tor  t i r e  was beneficial i n  reducing i n f i l -  

t ra t  i on. 

Furrow shape i s  an important consideration f o r  improved furrow irr iga-  

tion. However, when comparing different  furrow shapes, i t  i s  necessary 

t o  consider the geometry of the furrow and the affect  of furrow geometry 

on i n f i l t r a t ion ,  furrow advance, and depth of water in the furrow as a 

function of time. 

A model of furrow flow i s  being developed which will permit comparative 

evaluation of the tr iangular and parabolic furrows considered in this 

research. I t  will also provide the necessary flow d a t a  required t o  

evaluate sediment transport from the furrows. 
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4.  Using a plate compaction t e s t ,  f i e ld  furrow soil  penetration resistance 

and the resul ts  of furrow hydraulic and in f i l t ra t ion  t e s t s ,  a procedure 

can be developed t o  predict the level o f  compaction required t o  produce 

desired furrow irr igat ion resul ts .  

5. An appended report will be submitted when the analysis of d a t a  i s  

factor i ly  completed. 

s a t i s -  
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PLATE COMPACTION TEST RESULTS 

DRY DENSITY MOISTURE CONTENT 
(KN/CUBIC M.) ( % I  

VOLUMETRIC COMPACTION 
ENERGY (KJ/CUBIC Mm) 

11 

11 

11 

11 

11 

5.0 

9 . 1  

14.3 

19 .8  

20.0 

2 .261  

4.065 

6.217 

6.759 

7.656 

11.5 

11 .5  

11 .5  

11 .5  

11 .5  

6.8 

9.4 

1 2 . 1  

15 .4  

21.057 

18 .040  

1 5  . 777  

1 4  . 308 

1 4  . 1 8 1  

1 2  

1 2  

1 2  

1 2  

4.9 

7.0 

10 .2  

13 .9  

16 .7  

45 . 8 7 1  

40  . 457 

31.286 

24  . 070  

20 .970 

1 3  

1 3  

1 3  

1 3  

1 3  

6.5 

7 .8  

12 .4  

14 .3  

21.2 

67  . 648  

58  . 9 7 1  

45.503 

40.246 

23 . 225  
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PLATE COMPACTION TEST # 1 

DATE OF TESTING : 8-2-85 

DRY DENSITY : 13 KN/m 3 

MOISTURE CONTENT : 6.5% 

FINAL COMPACTION VOLUME : 2000 cm-3 

FINAL COMPACTION DEPTH : 11 cm 

0.5 0.148 
1.0 0.812 
1.5 2.370 
2.0 4.940 
2.5 9 300 
3.0 14.300 
3.1 15.800 

F ( x ) =  0.849 X '  2.572KN 

r= l .  000  

COMPACTION ENERGY= 0.135 KJ 
VOLUMETRIC COMPACTION ENERGY= 67.648 KJ/m 3 
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PLATE COMPACTION TEST # 3 

DATE OF TESTING : 8-8-85 

DRY DENSITY : 12 KN/m"3 

MOISTURE CONTENT : 10.2% 

FINAL COMPACTION VOLUME : 2000 cm'3 

FINAL COMPACTION DEPTH : 11 cm 

F ( x ) =  0.458 X '  2.151KN 

r=O. 992 

COMPACTION ENERGY= 0.063 KJ 
VOLUMETRIC COMPACTION ENERGY= 31.286 KJ/m'3 
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60 REM THIS PROGRAM GIVES A CURVE FIT SOLUTION 
100 CLS 
110 CLEAR 
120 INPUT PLATE COMPACTION TEST #";PLATENUM 
130 CLS 
140  LINE INPUT "DATE OF TESTING ? ";DATES$ 
150 CLS 
160 INPUT "DRY DENSITY (KN/m- 3 ) It ;DRYDENS 
170 CLS 
180 INPUT "MOISTURE CONTENT (%)";MOISTCONT 
190 CLS 
200 INPUT "FINAL COMPACTION VOLUME ( cm ' 3  ) It ; COMPVOL 
210 CLS 
220 INPUT "FINAL COMPACTION DEPTH (cm)";FCDEPTH 
2 3 0  CLS 
240 INPUT "HOW MANY SETS OF DATA POINTS WILL YOU BE ENTER1NG";X 
250 DIM D(X):DIM F(X) 
260 CLS 
270 FOR L=l TO X 
280 PRINT ''DISTANCE # "Lt' (cm) ?"  : INPUT DIST 
290 D(L)=DIST 
300 PRINT 
310 PRINT "FORCE # "L" (KN) ? " :  INPUT FORCE 
320  F(L)=FORCE 
330 CLS 
340 NEXT L 
350 INPUT "WOULD YOU LIKE A PRINT OUT (Y OR N) ";PRNT$ 
360 REM 
370 REM CALCULATE D AND F AVERAGES 
380 REM 
390 DY=O:FY=O 
400 FOR L=l TO X 
410 DY=DY+LOG(D(L)) 
420 FY=FY+LOG(F(L)) 
430 NEXT L 
440 DAV=DY/X 
450 FAV=FY/X 
460 REM 
470 REM CALCULATE SSX,SSY,SSXY 
480 REM 
490 FOR L=l TO X 
500 A=((LOG(D(L)))-(DAV)) 2 
510 SSX=SSX+A 
520 B=( (LOG(F(L)))-(FAV))"2 
530 SSY=SSY+B 
540 F=((LOG(D(L)))-(DAV))*((LOG(F(L)))-(FAV)) 
550 SSXY=SSXY+F 
560 NEXT L 
570 REM 
580 REM CALCULATE A,B,R 
590 REM 
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600 
610 
620 
630 
640 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870  
880 
890 
900 
920 
930 
940 
950 
960 
970 
980  
990 

B=SSXY/SSX 
R=SSXY/((SSX*SSY)'.5) 
A=EXP(FAV-(B*DAV)) 
REM CALCULATE WORK BY INTEGRATING FORCE EQUATION 
REM CALCULATE VOLUMETRIC COMPACTION ENERGY USING WORK 

CE=WORK/2*1000 
REM 
REM 
REM 
CLS 
PRINT 'I PLATE COMPACTION TEST # "PLATENUM 
PRINT DATE OF TESTING : "DATES$ 
PRINT DRY DENSITY : ftDRYDENS'fKN/m - 3 "  
PRINT 'I MOISTURE CONTENT : ffMOISTCONTff%f' 
PRINT '' FINAL COMPACTION VOLUME : 'TOMPVOLffcm 3" 
PRINT I'  FINAL COMPACTION DEPTH : ''FCDEPTHfkmf1 
PRINT 
PRINT" 
PRINT" Di( cm) Fi (KN) f f  

PRINT" 
FOR L=l TO X 
PRINT USING 'I  # # # . # I f  ;D(L) : 
PRINT USING If # # #  # # # f f  ; F ( L  1 
NEXT L 
PRINT" 
PRINT 
PRINT " F(x)=";:PRINT USING "###.###";A;:PRINT" X- " ;  
PRINT USING ' I # .  ###";B; :PRINT"KNff 

PRINT COMPACTION ENERGY=" ; : PRINT USING " #  # # . # #  # ;WORK; : PRINT "KJ" 
PRINT 
PRINT ffKJ/m'3ff 
REM 
IF PRNT$=''N" THEN END 
FOR L=l TO 10:LPRINT:NEXT L 
LPRINT If PLATE COMPACTION TEST #"PLATENUM 

WORK=((A/(B+~) )/100)*(~(~)7~+1)) 

* * * k J r * * * * * *  PRINT OUT **********  

........................... 

------ - ----- f f  

,,,,-,,,,--,,-,,,,,,-----~~ 

PRINT '' r=lf.  I :PRINT USING "###.###";R 

VOLUMETRIC COMPACTION ENERGY= I '  ; : PRINT USING I '  # # # # # # '' ; CE ; 
**********  PRINTER PRINT OUT * * * * * * * * * * *  

1000 LPRINT 
1010 LPRINT 
1020 LPRINT 
1030 LPRINT If 

1040 LPRINT 
1050 LPRINT '' 
1060 LPRINT "%":LPRINT 
1070 LPRINT I' 

1080 LPRINT 
1090 LPRINT 
1100 LPR1NT:LPRINT 
1110 LPRINT" 
1120 LPRINT" 
11 3 0 LPRINT" 
1140 FOR L=l TO X 

DATE OF TESTING : ''DATES$ 

DRY DENSITY : ffDRYDENSrfKN/m-3'r 

MOISTURE CONTENT : ' I  ; : LPRINT USING If # # # If ; MOISTCONT; 

FINAL COMPACTION VOLUME : t f  COMPVOL"crn* 3" 

FINAL COMPACTION DEPTH : flFCDEPTHfkmff 

44 



1150 LPRINT USING " ###.#";D(L); 
1160 LPRINT USING " # # # .  ###";F(L) 
1170 NEXT L 
11 8 0 LPRINT" 
1190 LPR1NT:LPRINT 
1200 LPRINT I' F(x)="; :LPRINT USING "###.###";A; :LPRINT" X 1  'I; 
1210 LPRINT USING "#.###";B;: LPR1NT"KN":LPRINT 
1220 LPRINT '' r=" ; : LPRINT USING ' '#. # # # ; R: LPRINT 
1230 LPRINT I' COMPACTION ENERGY='' ; : LPRINT USING 'I# # # # # I' ;WORK; 
1240 LPRINT " KJ" 
1250 LPRINT 'I VOLUMETRIC COMPACTION ENERGY= "; 
1260 LPRINT USING "##.###";CE; 
1270 LPRINT KJ/m'3" 
1275 P=66-(35+X):FOR L=l TO P:LPRINT:NEXT L 
1280 END 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
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IRRIGATION #1 

LOCATION: UNIVERSITY OF WYOMING EXPERIMENTAL STATION, 
POWELL, WYOMING. 

DATES: JUNE 11-13, 1985 

SOIL TYPE: CLAY LOAM 

TRACTOR: JOHN DEERE 630 

TRACTOR SPEED DURING COMPACTION: 2.4 KILOMETERWHOUR 

SOIL MOISTURE CONTENT DURING COMPACTION: 4.0 % 

FURROW INFLOW: VARIED FROM ABOUT 80-120 LITERS/MINUTE. 

FIELD SLOPE: . 004  
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BEANS - @  POWELL IRRIGATED b / 1 2 / 8 5  

ROW # 27  TRIANGULAR / HALF WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

2 
5 

10 
20 
50 

110 

-- 
0 . 1 9 7  
1.713 
2 . 471 
3 . 562 
5 . 442 
9 . 1 7 0  

r = 0 . 9 2 5  

d= 0.239T-0.838CM 

I= 12.012T'-.162cm/hr 
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BEANS - @  POWELL IRRIGATED 6/12/85 

ROW # 30 TRIANGULAR / HALF WEIGHT 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

r=O. 998 

d= 0.185T-0. 708CM 

I= 7.857T--.292cm/hr 
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BEANS - @  PQWELL IRRIGATED 6/12/85 

ROW # 6 PARABOLIC / FULL WEIGHT 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 6 cm 

1 
2 
5 

10 
15 
30 
60 

1 2 0  

0.288 
0.576 
1 243 
2 . 001 
2.607 
4.032 
6.320 

10 .929  

r=O. 997 

d= 0.337T-0.735CM 

I= 14.864T’-,265cm/hr 
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BEANS - @  POWELL IRRIGATED 6/12/85 

ROW # 10 TRIANGULAR / FULL WEIGHT 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

1 
2 
5 

10 
15 
30 
60 

1 2 0  

0 091 
0 . 212 
0.455 
0.925 
1.349 
2 486  
5 . 775 
9 2 1 6  

r=O. 999 

d= O.099T”Oe965CM 

I= 5.706T-‘-. 035cm/hr 
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BEANS - @  POWELL IRRIGATED 6/12/85 

ROW # 7 TRIANGULAR / FULL WEIGHT 

WHEEL ROW ROW WIDHT. 762m 

.CULTIVATED WATER DEPTH 7.8 cm 

r=O . 999 
d= 0.364T-0.732CM 

I= 16.000TA-.268cm/hr 

51 



BEANS - @  POWELL IRRIGATED 6/12/85 

ROW # 26 PARABOLIC / HALF WEIGHT 

SOFT ROW ROW WIDHT. 762m 

CULTIVATED WATER DEPTH 6 cm 

Ti 

1 
2 

-- Di 

0.030 
0.030 

7 0.637 
12 1.364 

r=O. 976 

d= 0.028T-1.337CM 

I= 2.21911’0.337cm/hr 
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BEANS - @  POWELL IRRIGATED 6/12/85 

ROW # 9 PARABOLIC / FULL WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 6 cm 

r=O. 996 

d= 0.182T"O . 845CM 
I= 9.209T1-.155cm/hr 
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BEANS - @  POWELL IRRIGATED 6/12/85 

ROW # 29 PARABOLIC / HALF WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 6 cm 

Ti Di 

1 0.076 
2 0.182 
5 0.470 

10 0.834 
15 1.076 
30 1.667 
60 2.683 

120  4 . 500  

r=O. 992  

d= 0.102TA0.824CM 

I= 5.029TA-.176cm/hr 
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BEANS - @  POWELL IRRIGATED 6/12/85 

ROW # 28 CHECK 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

Ti 

1 
2 
5 

10 
15 
30 
60 

1 2 0  

-- Di -- 
0.227 
0.394 
0.803 
1.182 
2.016 
3.062 
5.154 
7.685 

r=O. 998  

d= 0,235T-0.746CM 

I= 10,519Ts-.254cm/hr 

55 



BEANS - @  POWELL 

ROW # 8 CHECK 

SOFT ROW 

CULTIVATED 

IRRIGATED 6/12/85 

ROW WIDHT.762m 

WATER DEPTH 7.8 cm 

r=O 998 

d= 0.20511 0.752CM 

I= 9.270T--.248cm/hr 
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I R R I G A T I O N  #1 
ADVANCE DATA 6 / 1 3 / 8 5  

ROW # ROW T Y P E  ADVANCE TIMES A T  D I S T A N C E  
1 6 0  M 320 M 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
3 3  
34 
35 
36 
37 
38 
39 
40 

TNFW 38 1 5 6  
PWFW 82 488 
C 33 276 
TWFW 30 402 
PNFW 43 4 1 1  
PNFW 219 549 
TWFW 30 1 8 5  
C 85 483 
PWFW 53 418 
TNFW 66  538 
TNFW 40 262 
PWFW a a  479 
C 5 1  207 
TWFW 65  450 
PNFW 4 1  403 
PNFW 1 8 6  533 
TWFW 74  1 5 7  
C 46 249 
PWFW 36 1 3 8  
TNFW 68 517 
TNHW 43 1 3 5  
PWHW 115  4 3 0  
C 1 1 0  423 
TWHW 219 530 
PNHW 1 2 2  507 
PNHW 269 570 
TWHW 1 0 1  380 
C 78  332 
PWHW 70  3 7 1  
TNHW 70  439 
TNHW 58 3 2 1  
PWHW 55 183  
C 52 229 
TWHW 1 5 1  553 
PNHW 1 9 1  476 
PNHW 218 596 
TWHW 1 1 5  476 
C 1 0 1  546 
PWHW 77  462 
TNHW 68  220 
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IRRI GAT1 ON # 2  

LOCATION: UNIVERSITY OF WYOMING EXPERIMENTAL STATION, 
POWELL, WYOMING. 

DATES: JULY 6-8 ,  1985  

SOIL TYPE: CLAY LOAM 

TRACTOR: JOHN DEERE 630 

TRACTOR SPEED DURING COMPACTION: 2.4 KILOMETERS/HOUR 

SOIL MOISTURE CONTENT DURING COMPACTION: 9.0 % 

FURROW INFLOW: 61 LITERS/MINUTE. 

FIELD SLOPE: .004 
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BEANS - @  POWELL IRRIGATED 7/7/85 

ROW # 35 TRIANGULAR / HALF WEIGHT 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

I 

r=O. 9 9 4  

d= 0 . 171T*’O. 717CM 
I= 7.367Ta-.283cm/hr 
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BEANS - @  POWELL IRRIGATED 7/7/85 

ROW # 17 TRIANGULAR / FULL WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

Ti Di 

1 0.273 
2 0.500 
5 0.985 

10 1.576 
15 2.001 
30 2.850 
60 4 .350  

1 2 0  7 .367  

r=O. 997 

d= 0.310T-0.665CM 

I= 12.360T'-.335cm/hr 
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BEANS - @  POWELL IRRIGATED 7/7/85 

ROW # 37 TRIANGULAR / HALF WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

r=O. 993 

d= 0.320T-0.685CM 

I= 13.171T1-.315cm/hr 
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BEANS - @  POWELL IRRIGATED 7/7/85 

ROW # 1 6  PARABOLIC / FULL WEIGHT 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 6 cm 

-- 
1 
2 
5 

-- 
0 . 3 9 4  
0 . 773 
1,682 

10 3,016 
15 3 . 698 
30 5.866 
60 8 . 8 2 2  

120 13 . 778 

r=O. 995 

d= 0.471T-0.732CM 

I= 20,67OT--.268cm/hr 
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b 

BEANS - @  POWELL IRRIGATED 7/7/85 

ROW # 20 TRIANGULAR / FULL WEIGHT 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

1 0.288 
2 0.621 
5 1.288 

10 2 . 228 
15 2.986 
30 4.896 
60 8 .306  

120 14.339 

r = O .  998 

d= 0.334T.O.794CM 

I= 15.923T1-.206cm/hr 
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BEANS - @  POWELL IRRIGATED 7/7/85 

ROW # 19 PARABOLIC / FULL WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 6 cm 

Ti -- 
1 
2 
5 

10 
15 
30 
60 

1 2 0  

Di -- 
0 121 
0 303 
0 . 728 
1 182 
1 . 637 
2 . 501 
4 . 426 
6 988 

r=O * 993 

d= 0.160TA0.818CM 

I= 7 8692.’- . 182cm/hr 
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BEANS - @  POWELL IRRIGATED 7/7/85 

ROW # 36 PARABOLIC 1 HALF WEIGHT 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 6 cm 

Ti Di 

1 
2 
5 

10 
15 
30 
60 

120 

0.485 
0.712 
1.425 
2.334 
2.986 
4.956 
7 . 897 

12.944 

r=l. 000 

d= 0.465T*’0. 693CM 

I= 19.346T--.307cm/hr 
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BEANS - @  POWELL IRRIGATED 7/7/85 

ROW # 34 PARABOLIC / HALF WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 6 cm 

Ti Di 

1 
2 

0.349 
0 . 515 

r=O. 996 

d= 0.340T-0.586CM 

I= 11.933T'-.414cm/hr 
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BEANS - @  POWELL IRRIGATED 7/7/85 

ROW # 33 CHECK 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

f Ti Di 

1 
2 

0.637 
0.955 

5 1.803 
10 
15 
30 
60 

120 

2.789 
3 546 
5.153 
7 412 
10.837 

r=O. 999 

d= 0.665T-0.596CM 

I= 23.767T--.404cm/hr 
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BEANS - @  POWELL IRRIGATED 7/7/85 

ROW # 18 CHECK 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

r=O . 992 
d= 0.224T ’ 0  . 851CM 
I= 11.427T’-.149cm/hr 
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IRRIGATION # 2  
ADVANCE DATA 7 / 8 / 8 5  

ROW # ROW TYPE ADVANCE TIMES AT DISTANCE 
1 6 0  M 320 M 

TNFW * *  * *  1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
22 
23 
24 
25  
26 
27 
28 
29 
3 0  
3 1  
32 
33 
34 
35  
36  
37 
38 
39 
40  

PWFW 
C 
TWFW 
PNFW 
TNHW 
PWHW 
C 
TWHW 
PNHW 
TNHW 
PWHW 
C 
TWHW 
PNHW 
TNFW 
PWFW 
C 
TWFW 
PNFW 
TNFW 
PWFW 
C 
TWFW 
PNFW 
TNFW 
PWFW 
C 
TWFW 
PNFW 
TNHW 
PWHW 
C 
TWHW 
PNHW 
TNHW 
PWHW 
C 
TWHW 
PNHW 

6 9  
6 5  
6 5  
63  

1 2 0  
4 9  

2 7 1  
49  
8 5  
7 6  
5 7  
50 
52 
5 1  

209  
6 5  

1 0 1  
48 
7 8  
96  
4 5  
7 3  
53 
57 

385 
6 4  
7 8  
67  

1 4 3  
1 7 1  

66  
8 9  
7 0  
5 4  

257  
5 2  

3 6 1  
48 

323  

327 
344 
240 
224 
596 
1 2 2  
5 9 3  
1 0 5  
488 
475 
1 6 1  
108  
1 2 8  
260 
534 
1 8 5  
538 
1 0 5  
479 
517 

82 
382 
163  
253 
736  
1 5 5  
519 
1 3 3  
666 
682  
266 
509 
245 
1 4 2  

1 4 1  

1 2 1  

* *  
* *  
* *  

**  NO DATA 
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IRRIGATION # 3  

LOCATION: UNIVERSITY OF WYOMING EXPERIMENTAL STATION, 
POWELL, WYOMING. 

DATES: JULY 21-23, 1985 

SOIL TYPE: CLAY LOAM 

TRACTOR: JOHN DEERE 630 

TRACTOR SPEED DURING COMPACTION: 2.4 KILOMETERS/HOUR 

SOIL MOISTURE CONTENT DURING COMPACTION: 18.9 % 

FURROW INFLOW: 77.4 LITERS/MINUTE. 

FIELD SLOPE: .004 
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BEANS - @  POWELL IRRIGATED 7/22/85 

ROW # 29 TRIANGULAR / FULL WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

1 
2 
5 

10 
15 
30 
60 

1 2 0  

-- 
0 409 
0.424 
0.712 
0.925 
1.016 
1.334 
1.940 
3 0 001 

r=O. 990 

d= 0.354T”0.418CM 

I= 8*892T--.582crn/hr 

7 1  



BEANS - @  POWELL IRRIGATED 7/22/85 

ROW # 12 TRIANGULAR / HALF WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

r=O 991 

d= 0.265TS*0.571CM 

I= 9 . 080T - -  . 429cm/hr 
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BEANS - @  POWELL IRRIGATED 7/22/85 

ROW # 26 TRIANGULAR / FULL WEIGHT 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

Ti Di -- 
1 
2 
5 

10 
15 
30 
60 

1 2 0  

-- 
0 . 379 
0.682 
1.349 
2.183 
2.819 
4.335 
6 . 684 
10 . 686 

r=O . 999 
d= 0.419T-0.686CM 

I= 17.273TS-.314cm/hr 
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BEANS - @  POWELL IRRIGATED 7/22/85 

ROW # 15 TRIANGULAR / HALF WEIGHT 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

r=O. 995 

d= 0.186T-0.751CM 

I= 8.376TA-.249cm/hr 
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BEANS - @  POWELL IRRIGATED 7/22/85 

ROW # 28 CHECK 

SOFT ROW ROW WIDHT.762m 

CULTIVATED. WATER DEPTH 7.8 cm 

r=O. 991 

d= 0.343T '0.494CM 

I= 10 . 175T-'- SO6cm/hr 
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BEANS - @  POWELL IRRIGATED 7/22/85 

ROW # 27 PARABOLIC / FULL WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 6 cm 

r=OD 990 

d= OD349T'0.540CM 

I= 11D311T~-.460cm/hr 
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BEANS - @  POWELL IRRIGATED 7/22/85 

ROW # 14 PARABOLIC 1 HALF WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 6 cm 

2 0.243 
5 0 . 424 

10 0.561 
15 
30 

0 . 667 
0.940 

r=O. 993  

d= 0 144T ' 0  . 578CM 
I= 4.987T--.422cm/hr 
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BEANS - @  POWELL IRRIGATED 7/22/85 

ROW # 30 PARABOLIC / FULL WEIGHT 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 6 cm 

r=O. 997 

d= 0.752T '0 .  m C M  

I= 23.166TI-.487cm/hr 
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BEANS - @  POWELL IRRIGATED 7/22/85 

ROW # 11 PARABOLIC / HALF WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 6 cm 

r=O. 997 

d= 0.259TA0.759CM 

I= 11.801T--.241cm/hr 
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IRRIGATION # 3  
ADVANCE DATA 7 / 2 3 / 0 5  

ROW # ROW TYPE ADVANCE TIMES AT DISTANCE 
1 6 0  M 320 M 

1 TNFW 7 0  309 
2 PWFW 36 80  
3 C 49 1 7 7  
4 TWFW 33 101 
5 PNFW 69  252 
6 TNHW 53 3 1 1  
7 PWHW 34 85  
a C 1 1 4  604 
9 TWHW 34 97  

1 0  PNHW 242 665 
11 PNHW 59 386 
1 2  TWHW 25 6 4  
1 3  C 49 1 2 6  
1 4  PWHW 28 7 1  
1 5  TNHW 37 1 9 5  
1 6  TNHW 5 1  148  
1 7  PWHW 29 7 1  
1 8  C 76 489 
1 9  TWHW 24 7 3  
20 PNHW 2 3 2  6 3 9  
2 1  PNFW 57 2 6 9  
22 TWFW 23 59 
23 C 72  309 
24 PWFW 25 6 3  
25 TNFW 56 5 0 5  
26 TNFW 67 410 
27 PWFW 29 69  
28 C 53 285 
29 TWFW 2 6  7 1  
30 PNFW 6 2  270 
3 1  PNHW 1 1 0  599 
32 TWHW 23 74  
33 C 1 4  3 4 1  
3 4  PWHW 28 1 5 8  
35 TNHW 39 1 5 8  
36 PNFW 245 647 
37 TWFW 25 99 
38 C 50 785 
39 PWFW 23 7 1  
40 TNFW 1 2 5  9 3 1  
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IRRIGATION # 4  

LOCATION: UNIVERSITY OF WYOMING EXPERIMENTAL STATION, 
POWELL, WYOMING. 

DATES: AUGUST 11-13, 1985 

SOIL TYPE: CLAY LOAM 

TRACTOR: JOHN DEERE 630 

TRACTOR SPEED DURING COMPACTION: 2.4 KILOMETERS/HOUR 

SOIL MOISTURE CONTENT DURING COMPACTION: 5.5 % 

FURROW INFLOW: 81.4 LITERS/MINUTE. 

FIELD SLOPE : . 004  
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BEANS - @  POWELL IRRIGATED 8/12/85 

ROW # 8 CHECK 

SOFT ROW ROW WIDHT.762m 
\ 

CULTIVATED WATER DEPTH 7.8 cm 

r=OD 998 

d= 0.429T*-OD715CM 

I= 18.4l3Te.-.285cm/hr 
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BEANS - @  POWELL IRRIGATED 8/12/85 

ROW # 7 PARABOLIC / HALF WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 6 cm 

Ti Di 

1 
2 
5 
10 
15 
30 
60 

1 2 0  

0.515 
0.697 
1.106 
1 . 485 
1.758 
2.440 
3.138 
4.381 

r=O. 999 

d= 0.523T-0.446CM 

I= 13.986T*-.554cm/hr 
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BEANS - @  POWELL IRRIGATED 8/12/85 

ROW # 10 PARABOLIC / HALF WEIGHT 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 6 cm 

Ti Di 

1 
2 
5 

10 
15 
30 
60 

1 2 0  

0.227 
0 .546 
1.304 
1.728 
2 . 395 
3.592 
6.700 
11 156 

r=O. 993 

d= 0.290T"O 770CM 

I= 13.401T1-.230cm/hr 
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BEANS - @  POWELL IRRIGATED 8/12/85 

ROW # 2 4  PARABOLIC / FULL WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 6 cm 

r=O . 987 
d= 0.208T-O.688CM 

I= 8.606T--.312cm/hr 
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BEANS - @  POWELL IRRIGATED 8/12/85 

ROW # 21 PARABOLIC / FULL WEIGHT 

SOFT ROW ROW WIDHT. 762m 

CULTIVATED WATER DEPTH 6 cm 

r=O. 997 

d= 0 .  314Ts '0 .  685CM 

I= 12.906T"-. 315cm/hr  
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BEANS - @  POWELL IRRIGATED 8/12/85 

ROW # 9 TRIANGULAR / HALF WEIGHT 

WHEEL ROW ROW WIDHT.762m 

CULTIVA'I'ED WATER DEPTH 7.8 cm 

r=O. 998 

d= 0.182T-0.739CM 

I= 8.057TS'- . 26lcm/hr 
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BEANS - @  POWELL IRRIGATED 8/12/85 

ROW # 6 TRIANGULAR / HALF WEIGHT 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

r=O. 990 

d= 0.299T"0.699CM 

I= 12.555T*-.301cm/hr 
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BEANS - @  POWELL I R R I G A T E D  8/12/85 

ROW # 22  TRIANGULAR / F U L L  WEIGHT 

WHEEL ROW ROW W I D H T J 6 2 m  

CULTIVATED WATER DEPTH 7.8 c m  

r=O. 990 

d= 0.21611 '0.669CM 

I= 8*678T'-.331cm/hr 
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BEANS - @  POWELL IRRIGATED 8/12/85 

ROW # 25 TRIANGULAR / FULL WEIGHT 

SOFT ROW ROW WIDHT.762m 

CULTIVATED WATER DEPTH 7.8 cm 

5 1 . 258 
10 1.925 
15  2.471 
30 3 . 911 
60  

1 2 0  
6.108 
9 .928  

r=O. 997 

d= 0.378T-0.689CM 

I= 15.644T'-.311cm/hr 
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IRRIGATION # 4  
ADVANCE DATA 8 / 1 3 / 8 5  

ROW # ROW TYPE ADVANCE TIMES AT DISTANCE 
1 6 0  M 320  M 

1 PNFW 1 4 1  612  
2 TWFW 93 359 
3 C 105 613 
4 PWFW 7 8  267  
5 TNFW 1 3 7  454 
6 TNHW 1 6 0  476 
7 PWHW 56 150 
8 C 258  514 
9 TWHW 49 1 6 0  

1 0  PNHW 313 559 
11 PNHW 1 5 9  470 
1 2  TWHW 44 1 3 4  
1 3  C 1 0 3  356  
1 4  PWHW 38 1 3 4  
1 5  TNHW 1 1 7  445 
16 TNFW 1 9 2  460 
17 PWFW 74  1 5 5  
1 8  C 1 7 6  480 
1 9  TWFW 6 1  1 4 6  
20 PNFW 256 500 
2 1  PNFW 1 7 0  455 
2 2  TWFW 6 5  1 6 2  
23  C 1 4 4  434 
24 PWFW 52 1 6 0  
25 TNFW 1 9 0  478 
26 TNHW 268 507 
27 PWHW 55 1 4 0  
2 8  C 1 6 5  455 
29 TWHW 36 1 0 6  
30 PNHW 2 3 1  507 
3 1  TNFW 1 8 4  468 
32 PWFW 6 1  1 6 0  
33 C 234  519 
3 4  TWFW 96 255 
35 PNFW 1 9 5  457 
36 PNHW 244 471 
37 TWHW 1 4 3  357 
38 C 235 492 
39  PWHW 1 0 4  356  
40 TNHW 253  603 
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