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Surface irrigation methods are generally ineffici-
ent§ high surface runoff and deep percoclation losses are cited
as their main disadvantages. Furthermore; the differences in
opportunity times along the field Iength causes nonuniform dis-
tribution of water. Thereforé, attention 1s focused on the
means of cutting down advance time to reduce the difference
in opportunity time between the two ends of the field, Faster
completion of the advance phase may be achieved by surge flow

irrigation (1,2,7,22,28,30) .

Surge flow may be defined as, the "intermittent app=-
lication of irrigation water to furrows or bﬁrder strips crea-
ting a series of constant or variable time spans "(2). Pre-
vious research indicates that surge flow technique may improve
surface irrigation efficlency and distribution uniformity, thus
water loss by runoff and deep percolation may be significan-

tly reduced (1,2,7,22 ),

The major advantages of the surge flow technique
might help in removing many of the trial and error managment
methods now commonly employed by the irrigator, and shows
great promise for design of irrigation systems (7). In addi-
tion, fields of long runs may be irrigated by surge flow where

in continuous flow shorter distances are usually used.
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The contribution of this work falls in two-folds:
first, studying the performance of surge flow furrow irri-
gation under the experiment conditions ; second, using the
obtained data in further analysis of this technique (distri-

bution uniformity and application efficiency ).
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CHAPTER IX

REVIEZW OF LITERATURE

Surge flow irrigation was first suggested by Stringham
and Keller (28) as an improvement of furrow irrigation. The
surge flow phenemena was actually discovered while conducted
reasearch on the automation of furrow irrigation. The authors
were trying to achieve a cutback precess by completely
closing off automatic valves rather than partially for
conviences. However, the surge flow process in surface irri-
gation may have been practiced in a random gimple way by
farmers long befofe it came under research focus (22), The
research on furrow irrigation cutback systems led to the

present surge flow practice.

Bishop, et al. (2) defined surge flow as, " the
intermittent application of irrigation water tolfurrows or
border strips... creating a series of on and off modes of con-
stant or variable time spans",and the cycle time as,"the peri-
od required for a complete on/off cycleji.e.,the time between
the beginning on one surge to the beginning of the next. "

The on-time is,"the time during which water is applied,"while
the off-time is,"the time during which water is cutoff." The
same suthors defined the cycle ratio as, "the ratio of on-

time to cycle time," i.e.,continuous flow has a cycle ratio

equal to one.
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Stringham and Keller (28) studied three banks of four
furrows each. They used an inflow of 0.82 1lps and furrows
of 201 m long in comparing surging with continuous flow. They
noted that advance time for surged furrows was less than that
for the continuocusly irrigated furrows, although smaller stre-
am sizes (S50%, and 67 %) of that used for continuous flow
were used. They alse indicated that surge flow had an effect
on the furrow intake rate. They stated that " if subsequent
tests verified this phenomenon, the implications would be ex-
tremely interesting in terms of distribution uniformity along

the furrows and runoff rates ".

Bishop, et al. (2) carried out a field study to test
the characteristics of surge flow irrigation in furrows with
particular emphasis on the advance phase. They used instan-
taneous furrow streams of 0.63 , 1.26, and 1.89 1lps with cycle
ratios of one, one half, and one third, respectively, resul-
ting in an equal quantity of water being applied to each fur-
row over a given period of time. The cycle time for each test
was 10 minutes. Bishop, et al. (1,2) reported a field study
using surge flow furrow streams of 1.26 lps with cycle times
of 2,5,10 and 20 minutes; in all cases the cycle ratio was one
half, making the time avéraged flow rate 0.63 1ps and equal to
that continuous flow furrows irrigated at the same time for

comparison. The above two studies were carried out at Utah
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State University, in which.the soil was classifled as a silt
loam planted with corn. The length of the furrow was 183 m

with an average slope of 1.46%. The results of these studies

showed that continuous flow treatments on a noncompacted fur-
row required twice to four times the time needed by the sur-
qge flow treatments to complete the advance phase in the fir-
st irrigation. It was also observed that the differences was
less significant between advance under surge and continuous

flow for the next irrigation.

Bishop, et al. (1,2), in analyzing previous results,indi-
cated that the variabllity effects on advance were reduced te
nonsignificant point under surge flow conditions. They also
indicated that advance under surge flow 1is significantly hig-

her than under continucus flow.

Coolidge, et al. (7) conducted two experiments for study-

ing surge flow on~time effects in a silt loam soil. First,they
measured total time required to advance 100 m using 5,10, and

20 minutes on-times with a cycle ratio of 0.5, and continuous
flow. Second, the same cycle on-times were used with cycle
ratios of 0,25, 0.50, and 0.75, respectively. Flow rate was

0.3 1ps. Also, they used an approximation method tn cal-ulate
the time required to advance 100 m . In analyzing the resu-

lts of the above two experiments, the authors concluded that
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the 10 and 20 minutes on-times advanced 100 m using only 38%
and 56% of the volume of water used by centinuous flow to
advance the same distance. A total elapsed time of 83, and

108 minutes were needed for surge and contlnuous flow treat-
ments, respectively. Surging with 5 minutes on-time differed
little from continuous flow, they theorized that the reason

is that the on-time was insufficient to overcome dead storage
and Infiltration requirements. The same authors (7) stated
that the standard deviation for surge flow treatments ranged
from 14% - 47% from the values of continuous treatments, which

showed another major advantage of the surge flow method.

The same authors (7) reported studies on water distri-
bution and uniformity. An experiment was conducted using a
gravimetric soil moisture samples collected from three stat-
ions before and after each of the two separate pulsed irri-
gation. The results showed that, surge, flow improved appli-
catlion uniformities significantly, and the applied depths at
the furrow head were generally higher than elesewhere along

the furrow as one mlght expect,

A team from Utah State University (22) conducted field

experiments for studying surge flow phenomenon. The experi-

ments were conducted in the summer of 1981 at three locations
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in Utah and Idaho. The first was near Flowell, Utah, on a

360 m furrowed corn field in a sandy loam soil; the second

was near Kimberly, Idaho, on a 360 m furrowed bean field in a
silty caly loam soll ; and the third was near Logan, Utah, on
a2 150 m fallow field in a silty clay soil. The flow rates
used in these tests ranged from 0.8 to 2.0 lps. A fixed cycle
ratio of 0.5 and variable cycle times were used . The furrows
used were compacted and noncompacted ones with slopes ranging

from 0.5 to 0.8 % .

Walker, et al. (30) analyzed the above three experiments
and concluded that the results of Logan and Kimberly tests con-

firmed the conclusiens obtained by Bishop, et al. (2) and Coo-

lidge, et al. (7) which were discussed earlier in this chapter.'

However, the results of Flowell location were significantly
different. They reported that, while 2.0 1lps continuous flow
falled te irrigate more than 80 % of noncompacted furrow leng-
th in 8 hours, a 40 minutes surging wetted the entire furrow
length 1in 3 hours of application time ; an almost three-fold
difference in terms of average depth of appiication. In com-
pacted furrows, advance was completed in just less than 8 hours
with continuous flow and just over 2 hours with a surge flow

regime.
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They related the dlfferences between Flowell and
Kimberly and Logan to soil differences and the design and
operational criteria used at the three locations. They stated
that'Better results with surge flow in lighter soils could
provide a great potential for substantial improvement in sur-

face irrigation efficiencies on these problem soils".

The distribution uniformites and application effici-
encles improved significantly using surge flow. Walker, et
al. (30) showed that the low-quarter distribution uniformity,
defined as the average depth infiltrated into the least wate-
red quarter of the field divided by the average depth infil-
trated into the entire field, ranged from 77 % for the 480
and 30 minutes cycles to f1 % for the 120 minutes cycle at
Flowell location. They also stated that, the distribution
uniformity for the four continuocus flow treatments ranged
from 88 % for the six.hour application to 72% for the three.
hour application . They also reported that, the distribution
uniformity acheived by irrigating the field in half length
is approximately equal to the surge flow treatment on full
length furrows, even though the advance phase had been comp-

leted for a shorter period of time for the surge flow simula-

tions,

Depending on Flowell location results, the same auth-

- Library of University of Jordan - Center of Thesis Deposit

72%1

203460




11

concluded that infiltration depends on an averaged water
application rate regardless of the mode of water application

{continuous or pulsed ).

Bishop, et al., (2) theorized that surface sealing
may be responsible for the phenomenon. As first pulse lubri-
cated particles in the surface soil may be reoriented horizon-
tally and in a plate fashion that would greatly reduce infilt-
ration 1n the wetted section of the furrow. They also stated
that, the development of tension forces in the soil following
surface drainage may consolidate the surface layer and cause

the infiltation to change.

Bishop, et al. (2) concluded that the effects of sur-~
ge flow on the soill hydraulic characteristics were extreme
during the first irrigation. The same authors (2) indicated
that the effects of surge flow on the soil infiltration rate
are probably the most important aspect of this new surface
irrigation technology. Then, they theorized that surge flow
accelerates the formation of soil surface seal by dispersed
fine particles which was lubricated by water and compacted by
tension forces which buildup in the soll as water drains

continues,
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Coolidge, et al. (7) theorized that surge flow eff~
ects were a relatively rapid process. The effect on intake
rates must be derived from draining the water from the furrows
between surges, which glve a possibility that the effect occ=-
urs during the first off time after the wetting of a section
of furrow, and that the process continues on subsequent pulses
without measurable change and with increasing conductivity of

the layer below the seal .

Furrow Infiltratien

Infiltration is an important factor in any irrigation
system. In most of the cases water enters the soil vertica=
lly, so that infiltration is considered one-dimensional flow
problem (8,14,27). Furrow infilitration continues to be a
difficult task, since water penetrates the soil vertically
and horizontally(gt). It is still difficult ‘to know the ver-
tical and horizontal infiltration in the furrow due to its geo-

metry which presents the problem of a variable wetted surface

area (11,12),

Walker, et al.(31) carried out the first field test
for investigation of Iinfiltration process under surge flow con-
ditions. They used a flowing infiltrometer in which infiltra-
tion was recorded in a short section of the furrow by the

difference between inflow and outflow over a certain periods.
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They used the Kostiakov- Lewis intake functién to fit the
data obtainedThey reported that cycled water applications
reduced infiltration in furrows. They concluded that a mech-
anlcal dispersion of very small clay and silt particles over
the wetted surface may create a surface seal which consoli-

dated during the draining period.

Furrow infiltration rate can be represented- in many fun-
ctional forms. The most common function which has been used
to characterlize infiltration rate in furrows is the Kostiakov

equation (23,34)

a

zZ - k t ---.-o.o.-.oo--.o.o.......(1)

in which z= the infiltrated volume per unit lenqgth of furrow;
t= the infiltration opportunity time, and k and a = empirical

constants.

The above Kostiakov equation was modified to account
for the basic infiltration rate, which then was called the modi-
fied Kostiakov-Lewis equation (32
Z = Kkt 4 Fteneeeierssseeess (2)

in which £ = another empirical constant represents the hasic

infiltration rate.

The numerical values of the above empirical constants

depend on the method used to determine them. Direct determi-
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CHAPTER IITI

. METHODOLOGY

The study was carried out at the University of
Jordan Research Station (site A) ; and at the Ministry of
Agriculture Experiment Station at Deir Alla (site B)., The

two sites are in the Jordan Valley.

Furrows of 80 m long and 1.5 m spacing were pre-
pared on 1,36% uniformly graded land at site A, The furrows
were considered compacted furrows due to grading process.
They were generally of parabolic shape with an averaqge rlepth
of 20 c¢m, 70-cm circumstance, 30-cm middle width, and average
topwidth of 60 cm, At site B, two sets of furrows, of 220 m
long and 1.8 m spacing were prepared with an average slope of
about 0.01%. The furrows were considered noncompacted. These
furrows were generally of parabolic shape with an averange dep-

th of 27 cm, 73-cm circumstance, 15~cm middle width, and average

topwidth of 67 cm.,

Prior to running the test, S5~meter stations at site A,
and 10-meter at site B were established in order to detect
advance and recession tlmes. WOod‘stakes were then fixed at
those stations . When water was applied , the advance and rece-
ssion times required to reach each station were recorded using

stopwatches. Direct volume measurement was used to establish a
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Table 1.~ Di¥ferent Runs Used Feor

Studying Surge Flow

At Site A,

Furrow Cycle Time Cycle Discharge
No. (minutes) Ratio (lps )
1 10 0.5 0.5
2 16 0.5 0.5
3 20 0.5 1.0
4 30 0.5 0.5
5 1560° . 1.0* 1.17°
6 40 0.5 0.5
7 40* 0.5 1.17*
8 150 1.0 0.5
9 60 0.5 _ 0.5

10 10 0.5 1.25
11 : 50 0.1 2.5

12 50 0.2 1.25
13 50 0.3 0.83
14 50 0.4 0.625
15 ‘ 50 0.5 0.5

16 50 0.6 0.42
17 50 0.7 0,356
18 50 0.8 0.313
19 50 0.9 0.275
20 , 50 1.0 0.25

* Infiltration Function Measurements.
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Table 2. ~ Different Runs Used For Studying

Surge Flow At Site B,

Furrow Cycle Time Cycle Discharge
No. (minutes) Ratio {lps)
1l 50 0.6 2.0
2 50 0.4 2.0
3 60 0.5 1.5
4 480 . . 1.0 1.0
5 430 | 1.0 1.5
6 60 0.5 1.0
7 120 0.5 1.5
8 90 0.5 1.0
9 120 0.5 1.0
10 90 0.5 1.5
11 120 0.5 2.0
12 360 1.0 2.5
13 60 0.5 2.0
14 360 1.0 2.0
15 90 0.5 2.0
16 50 0.5 2.0
17 40 0.5 2.0
18 60 0.5 2.5"°
19 50 0.5 2.5"*
20 120 0.5 1.5
21 IFM 1,0 2.0
22 IFM 0.5 1.5
23 IFM 0.5 2.0
24 IFM 0.5 2.5

IFM = Infiltration Rate Measurement .

. Maximum Nenerosive Furrew Stream
Size (13),
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outflow measurements were made using four furrows in which

the flow rates delivered to the heads of the furrows were

2.0, 1.5, 2.0 and 2.5 1ps. The whole furrow length (220 m)

of each furrow was used as one unit for measuring infiltration.
The flow rates were determined and measured directly using

calibrated bucket and stopwatch .

Infiltration under continuous flow was measured by
continuous application of water; while infiltration under
surge flow was measured by continuous application of water
after application of surge flow treatment. At site A, the
surge flow treatment has 40 minutes cycle time and 0.5 cycle
ratio. At site B, 90 minutes cycle time with 0.5 cycle ratio
were used. The values obtained from these treatments were
considered average values and to be used in all surge treat-

ments.

Three different time spans were selected from each
infiltration rate test run and put into the modified Kostiakov-
Lewls equation, ending up with three independent equations. The

empirical constants of the modified Kostiakov - Lewis equation

were then found by sloving those equations simulatnously.
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‘CHAPTER 1V

RESULTS AND DISCUSSION

Infiltration Functions

The infiltration function of the soil is a very
important factor required for analysis and design of furrow
irrigation systems. Determining the infiltration function
in furrows is a difficult task since water is infiltrating
vertically and horizontally into furrow sides. Among diff-
erent infiltration functions, the modified Kostiakov - Lewis
equation was selected to be used for further analysis and eva-
luation of surge flow. This is because it is flexible y its
empirical constants could be determind by many techniques,

and easily to be solved numerically (12),

The general form of the modified Kostlakov - Lewis

infiltration equation as defined in chapter II is

a
2=kt + ft ..,..............-(2 )
in which 2z = the infiltrated volume per unit length of the
furrow; t = the infiltration oppcrtunity time; and k , a ,

and f = empirical constants. The subscriptsc, and s shall

denote continuous and surge flow conditions, respectively .

Introducing three different time spans from three

different furrows using the procedure described in chapter III
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furrow required twite to four'times the time needed by the

surge flow runs to complete the first irrigation advance .

Walker, et al. (30) reported thaf, while 2.0 1ps contlnuous
flow falled to irrigate more than B80% of the length of non-
compacted furrow in 8 hours, 240 minutes surging wetted the

entire furrow length in 3 hours of application time; an al-

most three- fold difference in terms of average depth of app

lication .

Field comparisons of surged and continuous flow

Jordan - Cetter of Thesis Deposit

regimes are shown in fiqures 1 through 13, Successive advand§s

and recession trajectories for 1,0 lps with a cycle ratio of.

0.5 and cycle times of 60,90 and 120 minutes, are shown 1in

filgures 1,2, and 3, respectively. Continuous flow advance

trajectories for the same discharge are superimposed on the

same figures, In these runsy 1.0 lps flow rate applied in a
continuous manner needed 7.48 hours to complete advance

220 m furrew, On the other hand surge flow runs eof the
same flow rate required 3.0, 3.0, and 3.82 heurs to advance
the same furrow length under 60, 90 and 120 minutes cycle
times respectively, The above comparisen between surge

and continuous flow regimes indicates that, surge flow

runs advanced - the entire furrow lenth faster,
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and needed only €.40, '0.40, and 0.51 of the continuous appli-

cation time and velume the abeve ratifs..Less than half eof
the water was censumed by surge flew, which are very clese
te the results reperted by Ceelidge, et al. (7) and Walker,
et al. (30). Ceolidge, et al, (7) concluded that surge flew
runs advance 100m using enly 38% and 56% of the volume of
water used by centinueus flew te advance the same distance,
While Walker, et al., (30) cencluded that the surge flew

system coeuld at least save half the water being used if

operated in conjuctien with an irrigatien scheduling pregram.,

Successive advance recessien trajectories for 1.5
l1ps ( other parameters are the same as before) are shewn in
figures 4, 5, and 6. Total applicatien times required to
advance te the end of the field are 3,0, 2.72, and 2,87
hours which ¢srrespends to 6, 4 and 3 surgesef 6090 and 120
minutes cycle times, respectively, Centinueus flow required
6.58 heurs to advance ce the end ef the field. Comparisen
between applicutien times for surge flow runs and cont-
inueus flow indicates that only 0,46, 0,34, and 0.44 ef the

continueus flow time and velume were needed for surge flew,
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Surge flew runs of 2,0 and 2,5 1lps which are presented
in fiqures 7 through 13 show the same general trend,
Cemparison eof 2,5 lps surge and continueus flew velumeg
showed little difference. Surge flew runs of 60, 90, and
120 minutes cycle times used enly 0,38, 0.39, and 0.3
of the volume used by continuous flow, respectively.

Only absut one-third of water required for continuous
flew was needed by surge flow te advance the same length

of the furrow,

Comparison of surge and continuous flow recessions
(fiqures 1 through 13) indicates that there is no difference
between surge and centinueus flew in the first surges.,

While indicates that surge flew recessiens were faster
than centinueus flow recessions in the last surges
(especially the last three surges). This due to asmaller
volumeg of water applied in surge flow runs, se that

they will recceed faster,

Runs at site A did net ;how significant difference
between centinuous and surge flew advance recession
trajectories. This is due te the fact that the furrow
length was only 80 mete;s and the flow rate used was

large eneugh to advance to the end of the furrow in

one surge,
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Surface Runoff

Table 3 showé the total surface runoff for diff-

erent runs at site A, The same volume of water is being

applied in sach run,

Considering surface runoff for each

surge, which
1s shown in table 4,

Second surge, After

the third Surge negligible surface runeff difference between

subsequent surges was neticed

» The ahove situation may be duya
to the increase in soil water content as water was applied until

saturation conditions were reached

filtration rate,

the third Surge where 3

This lead to 4 constant in When water applied

' ] osit
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Table 3, = Total Surface Runoff

For Different Runs At

Site A,

4

0

Qo . Volume App-~ Surface Run- SR » 100
(1ps) Run 1ied(VAI)m>  off(SR)in m> VA
0.5 150/1.0 4,50 2,06 45.78
0.5 10/0.5 2.25 1.18 52.44
0.5 16/0.5 2.40 1.82 75.83
0.5 30/0.5 2.25 1.40 62.22
0.5 40/0.5 2.40 1.87 77.92
0.5 5G/04.5 2,25 1.69 75411
0.5 60/0.5 2.70 1.47 54,44
1.0 150/1.0 9.00 6,02 66.89
1.0 20/0.5 4.80 3,80 79,17
1.25 10/0.5 2,25 1.38 61.33
2.5 50/0.1 2.25 1.44 64.00
1.25 50/0.2 2.25 1.17 52.00
0.83 50/043 2.25 0.92 40.89
0.625 50/0.4 2.25 1.15 51,11
0.5 50/0.5 2.25 1.65 73,33
0.42 50/0.6 2.25 1.37 60.89
0.356 60/0.7 2.25 0.84 37.33
0.313 50/0.8 2.25 0.95 42,22
0.275 50/0.9 2,25 1.05 46.67
0.25 150/1.0 2,25 0.22 05.78

* CYCLE TIME/ CYCLEZ RATIO
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the same amount of water would be entered the s0il each time
leading to almost constant surface runoff after the third

surge.

The surface runoff hydrographs illustrated in
figures 14 to 17 are example runs from site B, 3Surge flow
runs had higher discharge peak values than companion contin-

uous flow, which agree with the reports in the litreature (7).,

Bishop, et al. (2) demonstrated that the first runcff surge
peaked at 0,0833 1lps, the second at more than 0.167 1lps, with

subsequent surge flow runoff peaks at about 0.217 lps. The
treatment used (40/0.5) with a discharge of 0.3 1lps delivered
to the head of the furrow. Coolidge, et al, (7) concluded
that the runoff rate (0.05 - 0.067 lps ) for continuous flow
treatment remained at about one-third the rate of the surge
flow treatments ( 0.183 .g; 217 lps). The difference 1in
runoff discharge peak values between the first and the second
surges was high ( fiqurs 14 to 17), This difference decrea-
sed substantially when the second and the third surface run-
off surges weré considered. Beyond the third and subsequent

surface runoff surges the difference is negligible as would

be expected,
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The runeff peak value increased with the increase in
the discharge delivered to the field inlet and the cycle
and en times (figures 14 te 17). For a discharge ef 1.0
lps the runeff discharge peak valuesare 0.305, 0.63, 0.77,
and 0.64 1lps under continueus, 60, 90 and 120 minutes
cycle times surges, respectively. The peak runeff discharge
values for 1.5 1lps are 0,515, 0.85, 0.815, and 0.9 1lps
under centinueus, 60, 90, and 120 minutes cycle time surges,
respectively. In case of 2,0 lps the runeff discharge peak
values are 0,745, 1.19, 1.2, and 1.19 lps under centinuous,
60, 90, and 120 minutes cycle times surges, respectively.
The peak runeff discharge values fer 2.5 lps are 1.065,
1.245, 1.37, and 1.475 1lps under continueus, 60, 90, and
120 minutes cycle time surges, respectively. The abeve
reaults indicate that, the vealume of water infiltrated
threugh furrew under surge flew treatments was lessa than
that under cempanien centinueus flew, In ether words
infiltatien rate under surge flew is less tham that under
centinueus flew. Alse, larger velumes of water ;re avai-
Jable at the end ef surged furrews than that ef centinueus

flew with equal eppertunity times,
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Distribution Uniformity

The low-quarter distribution uniformity (DULQ),
defined as the average volume infiltrated into the least
watered quarter of the furrow divided by the average volume
infiltration into the entire furrow was evaluated. The dis-
tribution uniformity based on the volume infiltrated at the
end of the furrow (DUEF), defined as the volume infiltrated
into the last one meter of the furrow divided by the average

volume infiltration into the entire furrow was also evaluated.

Volumes of water infiltrated are calculated using
opportunity times in the infiltration function (Eqs. 11 and

12). Calculating DULQ and DUEF for these runs is illustrated

in the following example.

Example

For the runs illustrated in fiqure 9, calculate
DULQ and DUEF,

Solutien

From filgure 9 ,12 different points along the furrow were sel-

ected and tabulated as follows
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Distance From

Field Inlet (m) 0 20 40 60 80 100
Opportunity
Time (minutes) 361 360 356 346 333 314
k)
z (m/ m 0.,1432 0.1429 0.,1416 0.1382 0.1339 0.1275

b e ———

Distance From

Field Inlet (m) 120 140 160 180 200 220

Opportunity

Time (minutes) 263 258 215 169 109 40
3

z (m™/ m) 0.1204 0,1083 0.0932 0,0766 0.0558 0.0246

‘The values of z were calculated by inserting the va-

lues of the opportunity time into Eq. 11 to yield the volumes

of infiltrated water along the furrow.

Averge volumes of water infiltrated into furrow and
least watered quarter were computed from the data tabulated
above, Then, DULQ and DUEF would be

puLQ =2:9314. 100 = 47.29 %

0.1087

0.0246
DUEF S x 100 = 22,63 %

0.1087
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From figure 9 opportunity time for each surge is found,
then used in the infiltration function (Egqs. i1 and 12).
Continuous flow infiltration function is used when the socil was

initally dry, while surge flow infiltration function is used whe

es's Deposit

the so0il was initially wet, At the head of the furrow opportunit*E

times would be 60, 61, 60, and 61 minutes for the first, second, O
third, fourth, and fifth surge, respectively. The infiltrated

volumes would be

Zel = 0.001517 (60)0.636.+ 0.0002189 X 60
0.311

where z.7 = volume infiltrated from the first surge using con-
tinuous flow infiltration function; =z.» = volume infiltrated
from the second surge using surge flow infiltration function;
and z44 = volume infilltrated from the third surge flow using
surge flow infiltration function such that the infiltrated vol-
umes at the end of the field would be 0.0246 m3/m for combar-
ison, Treating the points along the furrow by the same manner

would end with the following table

Distance From
Field Inlet (m) 0 20 40 ‘60 80 100

All Rights Reserved - Library of University of Jordan - Center

z (m>/m) 0.0652 0.0649 0.063 0.0581 0.0501 0. 0396
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Distance From
Fleld Inlet (m) 120 140 160 180 200 220

3
z (m /m) 0.0466 0.0396 0.0276 0.0246 0.0246 0,0246

Average volumes of water infiltrated into the furrow
and least watered quarter were calculated from the above data.

Then, DULQ and DUEF would be

. 0.0253
DULQ < x 100 = 57,50 %
0.044
DUEF _._.0'0246 x 100 = 55,91 %

0.044

Infiltrated volumes of water expressed in m3/m with

distance from field inlet ara shown in figures 18 through 22,
Volumes infiltrated at the end of the field are 0.0246 m>/m

in all cases for comparison. Relatively high difference betwee

infiltrated volumes of water under continuous and surge flew
along the furrows, This difference is due to the shorter
advance phase under surge flow using only about half of water
being used by continuous flow, This will be ended with little
differences in infiltrated volumesof water along the furrow,
The values of DULQ and DUEF are higher in all cases in surge

flow runs than the companiocn continuous flow.

f University of Jordan - Center of Thesis Deposit
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The 1.0 lps runs (figure 18) indicate that less
water is needed ( about half) by surge flow so that the infi-
ltrated volumes at the end of the fleld are 0.0246 m3/m « In
addition to that DULQ for surge flow are 54.2 %, 59.64 % , and
66.29 % under 60, 90, and 120 minutes cycle time gurges, res-
pectively. DULQ of continueus flew is 50.12% DUEF are 19.54%,
42.2%. 44.73, and 40.26% fer centinuous, 60, 90, and 120

minutes cycle time surges, respectively.

The 1.5, 2,0, and 2.5 ips runs showed similar
trend to 1.0 1ps results above., Walker, et al. (30} DULQ
values ranged from 77 % for the 480 and 30 minute cycle time
to 81 % for the 120 minute cycle, Tﬁeir DULQ values for con-~
tinuous flow regimes ranged from 88 % for the six hour appli-
catlon to 72 % for the three hour applications where tha field
was divided into two =2qual halfs, Thus, the DULQ achieved by
irrigating the field in half is approximately equal to the

surge flow treatment on full length furrow.

If the desired volume of infiltrated water at the
end of the fleld is increased, then DULQ and DUEF will increase
also. The infiltration rate will be higher at the last quarter
of the fleld as basic infiltration rate has not reached yet .

Also, the wetted perimeter of the furrow at the last quarter
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Fig. 18.- Infiltreted Profiles under Continuous and
Surge Flow Practices of 1.0 1lps.
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Fig. 19.- Infiltrated Profilesz under Continuous and

Surge Flow Practices of 1.5 lpse.
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would increase with time as the amount of water increases .
The above conclusion is obtained by comparing figure 18 with
figure 22 where the difference between these two runs is only
the desired'volume at the end of the fleld. For 1.0 lps runs
(table 5), all DULQ and DUEF increased significantly by incre-
asing the volume infiltrated into the last one meter end of

the furrow length from 0,0246 m3/m to 0.05 m3/ m .

No difference between continuous and surge flow runs

at site A. This 4is due to mangement factors.

Application Efficlency

Application efficiency Ea,is defined as the volume of
water stored in the root zone divided by the volume of water
applied. Ea is highly dependent on the required depth of app-
lication. The efficlency figures were calculated on the assu-
mption that the required depth of application is 0.05 m3/m for
all treatments. This is equivalent to 50mm depth em a wetted

area of 1 m between furrows.

Table 6 shows application efficiencies for different
runs at site B, Infiltrated volumes into the last one meter of
the field length was 0,0246 m3/m in each run. Application eff-
iciency was calculated considering accumulative amount of wate

er equal to 0,05 m3/m is required. This amount equal to 50mm
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Table 5.,=Distribution Uniformities (DULQ And DUEF)

For Surge And Continuous Flow Runs At Site B,

Qo _ Vend DULQ DUEF
(1ps) Run * (m>/m)
1.0 Continuous 0.0246 41.85 19.54
60/0.5 0.0246 52,71 42,20
90/0.5 0.0246 57.85 44.73
120/0.5 0.0246 64.47 44,26
1.5 Continuous 0.0246 43.20 21.04
60/0.5 0.0246 54.61 38.14
90/0.5 0.0246  59.89 46.59
120/0.5 0,0246 63.93 50,51
2.0 Continuous 0.0246 47,29 22.63
60/0.5 0.0246 51.40 41.77
90/0.5 0.0246 64.30 42.78
120/0.5 0.0246 55.91 55.91
2.5  Continuous 0.0246 51,13 23.21
60/0.5 0.0246 61.40 43,23
90/0.5 0.0246 62.35 49,30
120/0.5 0.0246 69,37 49.40
1.0 Continuous 0.0500 48.86 34.18
60/0.5 0.0435 62.47 53.84
90/0.5 0.0394 63.42 54.78

12040.5 0.0500 75.10 58.21

t

* CYCLE TIME / CYCLE RATIO
Vend = Volume infiltrated into the last one

3
meter of the furrow length (m™/m).
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It was found that inflltration rate was IOWer'under surge
flow runs which caused a higher volume of runoff measured
under these conditions over the continuous flow. Distribu-
tion uniformity and application éfficiency were improved under

surge flow conditions.

The results of these experiments reinforced the
argument that surge flow irrigation is an improved practice
of surface irrigation and may cause a great save of water and

energy resources,

Recommendations

Surge flow experiments ynder new field conditiens
are to be explered, So that, its further behavior can
easily be studied, Surface seal development and ifiltratien
changes to be explered also, This might include develeping
a computer program for predicting surface seal development.,
This is expected to help in better explanation and dealing

with suyge flow prectice,

Detailed study of surge flow parameters would be

|l Rights Reserved - Library of University of Jordan - Center of Thesis Deposit

valuable,especially 1f its unique effect 1s known. Surge flow

A

proper design procedure inhereted from soll and field conditions
needed to simplify use of this new practice and its benefits.

Also, an evaluation procedure development would be required.,
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Table 8- Inflow = Outflow Data For -Infiltration

Rate Measurement Under Continuous
and Surge Flow At Site A,

]

‘D

3

()]

_U)

Continuous Flow Surge Flow 8
Time Inflow Outflow Time Inflow Qutflow ﬁ:
(min) (1ps) (1ps) {min) (1ps) (1ps) B
5 1.17  1.117 5 1.17 1.127 @
10 = = 1.125 10 = = 1.135 &
15 = = 1.128 15 s = 1.139 O
20 = = 1.129 20 x = 1.139 g
25 = = 1.130 25 s = 1.140 O
30 = = 1.131 30 = = 1.140 S
e

35 = = 1.132 35 = = 1.140 g
40 = = 1.132 40 = = 1.141 2
45 = = 1.133 45 = = 1.141 §
50 = = 1.133 50 = = 1.141 =
55 = = 1.133 55 = = 1.141 2
e

60 = = 1.133 60 = = 1.142 g
65 = = 1.134 65 = = 1.142 §
70 = = 1.134 70 = = 1.142 O
75 = = 1.138 75 = = 1.142 —
100 = = 1.134 100 = = 1.147 3
240 = = 1.139 300 = = 1.143 2
250 - = 1.139 400 = = 1.143 %
150 = = 1.139 540 — 1.143 %ﬁ)
480 = = 1.139 600 = = 1.143 £
540 = = 1.139 1440 - = 1.142 -EE—D
1295 = = 1.136 —
<




Tablea 10.= Advance and Recuesslon Data

for Continucus Flow Runs.

Distance 1.0 1pa 1.5 Ip= 2,0 1ps 2.5 1ps
(m} AT KT AT HT AT RT AT £
[£s) uu,0 Au4,0 G0.0 4313.1 LU0 JEOLD 00.0 FlAme
10 Q1.5 4n0,1 01,5 435.0 Ul 160, vl.z2 0T
20 05,6 488,2 05.8 436.2 02,9 363.9 02,0 J64.1
30 13.5 430,0 09,0 417.0 5.0 164,38 04,0 306.0
20 23.0 492,06 “17.5 4319.1 03.5 365.6 06.1 368.9
S0 35.9% 431.9 25.2 439.0 15,1 367.5 10.0 Jag.2
60 51.7 494.2 35.9 439.5 22.5 68,7 13.5 370.1
70 63,2 496.0 48.1 440,0 30.1 370.1 19.1 372.0
80 T7.4 496,13 63.3 440,40 33.2 iT2.0 24.0 113.8
90 94,0 498,0 18.0 441,0 48,1 372.8 30.0 37%5.1
100 113.0 500,0 92,1 942.0 58,0 373.3 7.9 3.2
110 131.1 500,05 105,5 44,0 71.1 37401 4540 177.0
120 156.8 561,1 130,2 a4l.9 1.6 374.8 5.0 3T
130 178.0 501,2 144.8 441.9 98,1 376,4 71.0 373.0
140 201.5 502,0 104.7 A42.0 119,0 377,59 8s5.1 3.0
150 237.7 502,0 200, 9 441,8 14201 378.1 102,13 00,0
160 208,6 502,0 229.1 442,0 101.1 379.6 173.1 [t
170 2€).) 502.1 245.8 442,06 140.0 381,0 144.0 Juo. >
180 314.3 503.0 280,7 441.5 213.2 IB.G 16&,0 50,3
150 152.0 503,0 306.0 441.9 243.1 364,2 201.5 379.8
200 384.8 502,2 338,6 141.6 276.3 204.9% 232.0 3EC.1
210 11,1 501,8 368.7 441.0 313.2 JES,5 265.1 60,0
vy 450.0 497.0 39%.1 440.0 344.0 3H6.6 ioe. 2 17%9.0

AT = hdvance Tlue (minutes ).
Receaston Time (minutes).

RT =

Data For

Centinuwous Flow Runs.,
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Table 24.- Surface Runoff Hydronqraph Data
For Continuous und Surqge Flow of
1.0 1ps Puns,

Surge Flow

(60/0.5% = (9csc.5) - 120/ 0.3 ) *
Continucus Flow - o FR
TET K ET FR TET A L
@nlnutes) (lps)o (lh-lrnutes) { lps’ U minutes? ( ]ps, (minutes) { lps)
430 b.c0 13t Surge lst Surge Ist Surge
455 0.213 319 0,060 324 0.060 410 0.0C0
460 0,305 Jae ©,100 324 0,000 410 0.0
465 0,310 345 0.385 325 0.025 415 0.2a5
470 0.310 3so 0,245 130 0.112 420 0. 350
475 0,305 335 0.21¢ 315 0.121 4235 0.42%
480 0,300 360 0.125 333 0.CC0 410 0.421
485 C.290 365 G045 2nd JURGE 435 0,300
490 0.2f5 367 0.000 7% 0.0600 440 0,21%
465 C.l4H 2nd SURGE 390 0.425 445 0,050
500 0,000 16 0.C00 335 0.65Q 447 0,000
o0 0,195 90 0,671 Znd SURGE
85 C.405 395 0.612 495 0.00C
390 0.530 400 0.203 500 0.352
335 0,610 405 0.052 505 0,585
400 0.618 406 ©.000 510 C.600
405 . 0.450 Jrd SURGE 515 0,612
408 0,000 464 0,000 520 0,615
Ird SURGE 465 0.012 925 0.620
432 0,000 470 0,215 530 0,625
435 0.172 475 C.602 525 0,620
440 0.44) 480 0.152 540 0.452
445 0.625 485 0.771 45 0,321
450 0,612 490 0.692 550 C.000
455 C.3565 435 0,512 Ird SJRGE
159 ©,000 S00 0,000 608 0,000
610 0.105
€15 D.351
G20 0,602
625 0,631
630 0,635
635 0.R10
640 U, G2y
645 0.615
650 0.571
655 0.431
660 0.253
664 C.coo

. ® Cycle Time/ Cycle Ratlo,
TET = Total Elapsed Time.
FR = Flow Rata,

Data For Fiqure

14.
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Lontinuous Flow

TET
(mlnutes)

195

400

465
410

415
420
425
430
435

440

FR
{lps)
0.000
0.321
0.485
0.510
©.515
0.515
0.51%
0.510
0.451

0.000

Table 25.~ Surface Runoff Hydrograph Data
For Contlnuous and Surge
Flow of 1.5 lps Runs.

Surge Flow

160/0,5)% { 90/0,5 ) (12040.5) ©
TET re T FRr TET g
(minutes) (1ps} Gnlnutes) t1p3) (minutes) F
Lat SURGE 1st SUHGE 1st SURGE
346 0.0C0 299 0.000 2u2 0,000
50 0.135 360 0.051 295 0.152
355 0.120 5 0.372 300 0.305
356 ©.000 10 0.531 105 0,361
2nd SURGE 15 0.552 310 0.38%
m 0.000 320 0.560 15 0.361
315 0.350 125 0,500 320 0.22)
380 0,800 330 0.222 324 0.000
385 0.815 334 0.000 2nd SURGE
390 0.830 2nd SURGE 34 0,000
395 0.750 17 0.000 275 0,052
396 o.000 180 o0.181 360 0.452
Ird SUIGE 185 0.500 385 0,751
428 0.000 190 0.765 390 0.805
430 0,181 395 0.780 395 0.805
435 0.702 400 0,785 400 ©.600
440 0.841 405 0.432 405 0.795
445 0.850 509 2.000 410 0,788
450 0.849 3rd SUKGE 415 0.755
455 0.621 464 0.000 420 0.670
457 0.000 465 0.120 425 0,512
470 0.492 426 0,000
415 0.812 3rd SURGE
480 0.7 4H 0.000
485 0.752 493 0.552
430 0.573 500 6.772
495 0.321 505 0.810
500 ©.000 510 G.611
515 0.835
520 0,875
525 G400
530 ©.B00
135 0.760
540 6.452
544 0.9¢0

. = Cycle Time/Cycle Ratio

TET = Total Elapsed Time,

Fk = Flow Rate.

Data For Figure
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Continucns Flouw
R

TET
{minutes) (lp)
346 0.000
aso 0.372
355 0.653
360 0.725
365 0.732
370 0.740
315 0.7a%
180 0,504
85 0.121
a6 0.000

Table 26. -gwurface Runoff Hydrograph

Data for Continucus and Surge
Flow of 2.0 1lps Runs

Surge Flow

Coosn.5y " (4070,5"
TET FR TET K

{minutes) C1ps)  (minutesy (lps)
lat SURCE 1at SURGE
293 0,000 299 0.000
320 0,050 300 0.065
325 0,251 aes 0,453
330 0,600 J1g C.621
135 0.821 315 0.715
340 ¢,.80% 320 0,723
345 0,822 125 0,621
350 0,815 o 0.483
355 0,653 334 0.000
360 0,350 2nd SURGE
365 0.000 376 0.000
2nd SURGE 380 0.451
74 0.000 8% 0,823
75 0,100 390 1.07%
380 0,562 195 1.122
8% 1.000 400 1.130
2190 1,192 0% l.120
395 1,175 410 0.953
400Q 1.160 415 €.653
405 0.700 418 0.000
406 0.000 Jrd SURGE
3rd SUROE 456 0.000
422 0.000 460 0.355
425 0,300 465 0.953
430 0,692 470 1.152
435 1.000 475 1.175
440 1,183 4E0 1,200
445 1,122 485 1.195
450 1.199 430 1.1533
455 1.192 493 0,856
460 C.862 5G4 0.563
4635 0,32% 501 0.LO0
466 0.coc

« = Cygle Time / Cycle Ratlo
TET = Total Elapsed Time,

FR « Flow Rate.
Data For Figure

16.

Q20/0,5) (50£0,57
TuT F T (3]

{minutes)
lat SURGE

265
270
275
280
28%
290

295
oo

a5
310
J15
¢
J21
2nd SURCE
373
35
J60
385
390

395
400
405
4i0
415
420
473.9
Ird WRGL
490
495
500
]
510
515
520
525
530
535

940
541

L] Te
€lpsy (minutesy

0.00C
0.453
0,612
0,665
0.705
0.721
0.730
0.730
0,710
0,600
0,405
0,125
0.000

0,000
0,212
0.508
0,745
0.935
1,028
1,075
1.055
0.94%
0,852
0.521
G.000

0,000
0.509

c.782
1,021
1,130

1,155
1.175
1.18C
1.190
1.165

0.872
2,000

1at
28
J3o
335
3490
345
346
2nd
364
365
70
375
380
3e5
3as

Surge

BURGE

SJRGE

(lps)

0.000
0,298
0.5%5
0.530
0.421
0.C00

0.000
0.211

0.822
1,155
1.156
0.732
¢.000

0.60¢
0.358
0.850
1.162

6,706
0,000
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Table 27, = Surface Hunoff Hydrusraph Dita

For Continucus and Surne Flow of
2:5 1lps Runs,

Surqge FPlow

Continuous Flow - [6Og0.5_* _ {90/u,5) *
TET FR TET [4] TET FR
(minutes) (Ips)
{minutes) (lps) { minutes) t1lps)
308 0,000 lat SURGE lat SUKGE
3o 0,146 207 Q.000 210 ¢.000
315 0.452 210 0.175 21% 0.422
320 0.765 215 0,225 220 0.652
325 1.042 216 0,000 225 0,683
330 1.055 2nd 3SURGE 230 0.612
335 1,060 247 0,000 214 0.000
340 1.065 250 0,321 2nd SURGE
345 1.065 255 0.814 276 0,000
50 1.060 260 1.132 280 0.532
. 355 1,055 265 1.150 285 0.921
360 1.041 270 1.144 290 1,100
365 1,000 275 0.453 295 1.18)
370 0.748 276 0,000 300 1.213
375 0.352 ird SURGE 305 1.245
380 0,000 3068 0.000 10 1,250
310 0,632 315 1.000
J15 1.156 320 0.100
320 1,235 321 0.000
325 1,240 Jrd SURGE
330 1.056 369 0,000
333 0,000 370 0.125
375 C.48)
iso 0.859
385 1,153
390 1,260
395 1.320
400 1,360
405 0.800
406 0.000

b = Cycle Time/ Cycle Ratio
TET w Total Elapsed Time.
FR = Flow Rate,

pData For Figure 17,

12070.5)"
TLT PR

{minut2s) (1ps)
1st SURUE

161 0.000
165 0,400
170 0.475
180 0,353
182 0.0c0
2nd SUHGE

231 0.000
235 0,375
240 0.826
245 1.123
250 1,305
255 1.352
260 1,365
265 1.380
270 1.371
275 1.365
280 1,350
285 1,210
290 1.060
295 0.721
300 0.253
302 0.000
3rd SURGE

366 0.oco
70 0.345
375 0,859
380 1.102
385 1.357
390 1,465
395 1.472
400 1.475
405 1,456
410 1.460
415 1.100
420 0.000
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