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1. Introduction:

The fluid flow phenomenon of surface irrigation is based on unsteady, non-uniform
and open channel flow conditions over a porous bed!?). It presents a complex problem
in theoretical analysis, due to the varying intake rate of the soil and the change of water
surface profile on the soil surface. In case that water is turned onto soil surface, it flows
in two directions. Because of the pull of gravity, a part of water infiltrates into the soil
and the remainder flows along the slope of the soil surface.

Improved design criteria are needed for surface irrigation systems. Criddle et al.?y
gave a clear indication that the length of run will be influenced by application efficiency,
intake rate and application time. Bishop? and Willardson confirmed this concept. For
efficient irrigation, the length of advance with respect to the.time curve, application
efficiency, distribution efficiency, intake rate and application time..

Two main approaches have been adopted by researchers for the analysis of the fluid
flow problem. They are the inflow-outlfow method based on the continuity principle
and hydrodynamic analysis. '

(1) Continuity principle:

The inflow-outlfow method has been accepted by researchers for many years as a
tool for the analysis of this fluid flow problem. Parker!® and Isaelsen'? assumed that
the intake rate is a constant for their analysis, based on the assumption that the portion
of the varying intake rate has been neglected. So the prediction of the advance length at
a given time to be longer than the measured length introduced into their results. Lewis
and Milne'® considered that the intake rate is a function of time and assumed that the
depth of water on the soil surface is a constant. Their resulted equations for the predic-
tion of the advance curve were checked very well with the field ata. Unfortunately, due
to the complexity of the mathematical solutions and of their expressions for intake rate,
the method has not widely accepted. Hall'® applied successive approximations to
predict the advance curve for borders by assuming that the water sureface profiles con-
stitute similar curves with the same interception at the normal depth at the upper end of
a border. The average depth of water on the soil surface is also assumed to be a constant,
which can be estimated by multiplying the normal depth at the upper end of the field
by a factor ranging from 0.5 to 1.0. Divis” extended this method to the furrow irriga-
tion system. Fok®® made an attempt to predict the advance curve by performing a
double integration of the intake rate with respect to time and dividing the result by time
to obtain the average depth of water absorbed in the soil for the given time. Kiefer!'s
developed an improved correction factor for the computation of the average water
depth absorbed in the soil. Christiansen et al.?) related the intake rate to the advance of
water by using a graphical method to determine the intake constants. A procedure
similar to that of Christiansen et al. has been followed by Smerdon and Hohn?® for
furrow irrigation method. Chen® used a numerical method for integrating the equation
of continuity with advance and recession factors to determine advance rate of water
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front. E‘yjpgn%uwm&\ghgjgyﬂce of water has been
developed. by _using Laplace’s_transformation. It can calcula@im”tégit_s‘ and
average flow sectional area by using experimental data_from field. It is a pioneer work
on surface irrigation by using mathematical computation to get the value of intake rate
constants. One part of this study follows Schirai’s theory for discussing surface irriga-
tion. Shih?? used the function of basic intake rate constant in a mathematical equation

to predict the relation with advance length and time during irrigation.

(2) Hydrodynamic analysis:

Loo and Hansen!” did pioneering work on hydrodynamic analysis for problems in
suface irrigation. The momentum and continuity principles were applied taking into
consideration the water surface profile and the predominant factor. A nonlinear differ-
ential equation was developed for their analyses. This was followed by a subsequent
development by Su?. Su pointed out that this hydrodynamic study was not intended
to be practical for extensive field application but could aid in developing an expression
on a rational basis. It is believed that there are several researchers working along these
lines. Tinney and Basset3® have made a study of the shape of an advancing front of
water in laminar flow and have proceeded to extend their analyses to turbulent flow. As
a final step they planned to finish their analyses on flow over a porous bed with varying
intake rate.

(3) Research on the field of crops rotated with paddy rice

Because irrigation equipments were rapidly developed in recent years;such as sprinkler,
trickle and another garden irrigation equipments, they are convenient to use and can
save water during irrigation as comapred with surface irrigation. The researcher for
studying suface irrigation was very few in the world during the past decade. How-
ever, it is very important to study surface irrigation method in Taiwan right now.
The research work was done in the field of upland crops rotated with paddy rice.
Many experiments have been done in different soil texture of border and furrow under
certain soil moisture. Statistical method was used for analyzing the dgta by Shih??2%29,
Kawano and Sasiprapa'® studied intake rate and water advance constants in fallow
paddy field during dry season. The figures were very low, because soil texture was
calyey soil and the soil moisture was high during irrigation. Misunoe et al.!®) made
similar study on water advance constants related with discharge and soil moisture in
border irrigation.

2. Theoretical Analysis

(1) Basic flow theorem in surface irrigation

When water enters onto field, it flows into two directions. A part of water infiltrates
into soil layer and remainder flows along the slope of the soil surface. The flow condi-



tions can be considered with continuity equation!®). The factors of water cross section,
discharge and intake rate related to the time and water advance distance must be in-
cluded. So that the continuity equation of unsteady flow to develop the parameters on
surface irrigation is used:

3Q - —
8-: 65 )

where, A: area of water cross section
Q: discharge
i: intake rate
v ,t: time, when the water advance to the distance £ and x  respectively
(r<t,&<x)
Integrating the Equation (1) respected to &, and assuming average value « of cross

section as constant (—I—I Ad§=#), it becomes to the Equation (2).
q= f s-mde+pdE )

where, q:  discharge per unit of time
¢: intake rate (¢ =i)
(t = 7): intake time at distance £ when the water advance to %
%“ e

Making Laplace transform from the Equation (2), it becomes to the Equation (3).

_ a al'(1+8) 1~
V= { T T TP 3)

where V —g—t—and a, B are the intake rate constants. Generally, £ isin the order of O

to -1. Putting t = 0 and » = O integral in the Equation (3) and inverse transforming;
when the water arrives at distance x and the time is t, the Equation becomes:

\;
Y /8 R @)
where, » = £, =q/u, €= GtH  E=al(+R)k
¢ ¢ NPT S S
Fol-rg+pttarm ~2 7 Tarzrom
=0, 1,2, s 0o e )

when t=0,¢=0; F =1, v =y, Therefore{ ‘L° .may be denoted as initial flow velocity.
The Equation (5) is a convergent series. It may be convergent too slowly when t and ¢
are large, so that it is difficult to calculate. Therefore, another equation will be derived

for calculating F when the value of ¢ is large. Puttmg dé= d—é dr into the Equation

(2), it becomes qt = f a,(t -T) Hﬁdr Assumed X is Laplace transform from =z,




d .
therefore PX is the Laplace transform of di(’ and the Equation (2) becomes:

x’=_3,_{d§g,@+ﬂ}“..............................7 ....... ©)

Spreading powr series with 1/p™ (m>0) and inverse transforming every term in the
Equation (5), it becomes to the Equation (4). Moreover, spreading power series with p™
and inverse transforming every term, it becomes the Equation (7).

oI
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+11(1_n_ BH—B). ¢ B (7)

Fig. 1A The relations among F-{-8
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The Equation (7) is related to theorem of Laplace transform. It can be got an approach
spreading and not too much precision, but it is very convenient for calculating the value
of v, if ¢ is large. ’

Based on the above theorem, a chart of the relations among F, g and ¢ is shown in
Fig. 1.

From Fig. 1, when ¢ =0, F= 1 regardless the value of §, but the value of -B increases,
F decreases and the values of § increases accordingly.

(2) Determination of the relations among intake rate constants, discharge and water
cross section

As mentioned in the previous Section, it is complicated to use the Equations to
calculate the relations of intake rate constants (@, B), discharge (q) and cross section
(u). If use the relations F —¢ — g in Fig. 1 and cut try method, it can be found the
a — 3 —q-u relations. The procedure of computation is shown below:

A Selecting water advance data of three groups in one advance run,say x, ti; xs, ts;
and x5, ts; those data have to be regular on the water advance curve.

B Calculating the value v = i: and assuming initial velocity v,,: using the Equation
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Fig. 1B The relations among F-{-8 -
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(4) to calculate Fi =»,/y, and assuming the value of 8 to find ¢ in Fig. 1 or from the
Equations (5) or (7).
C Using the Equation (8) to calculate the value of 3.

.1+ B8=1log (C/¢) [log (tafts) oo vl EERER R R R R RE R PR, ®
D Using the Equation (9A) to calculate the value of ¢.
Co = Ci/ta B e e A)
E Using the Equation (9B) to find the correspondent value of ¢{s.

Ca=Cots B e e (9B)

F Using the value of ¢ to find the correspondent value F; in Fig. 1 or from
Equations (5) and (7).

G Calculating v,, = ¢{s/Fs and comparing the assumed value ¥,,, if the error is
within the range less than 5%, the result is correct; otherwise, trying it again from
the steps (B) to (F) above.

H Using the Equation (10) to calculate the value of .

I Using the Eduation (11) to calculate the value of u.
R Y (1)

After calculation following the steps above based on experimental data, many #, «, 8
corresponding to q have been got. The equation of cross section u related to q can be
got. The form is shown in the Equation (12).

where, A and B are constants, which can be determined by method of least square.
Usually, the.intake rate equation is shown in the Equation (13). (8 from 0 ~ -1)

where, i is intake rate and a, 8 are calculated from the above. They are related to the
discharge q, but it cannot be shown in the Equation. If the Equation (13) is changed
into accumulated intake equation, it becomes the Equation (14).

I =jatﬂ' dt=—1%[§t“’=“ot’° .................................. (14)
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Putting time t as a constant, say 10, 20, 30, 40, 50 minute, then the accumulated
intake rate equation (14) can be changed into 1 related to the discharge q as shown in
the Equation (15)."

where, IT: accumulated intake rate in a certain time T, here T = 10, 20, 30, 40, 50
minute
at,byp: constants, to be determined by method of least square or linearization

(3) Determination of accumulated intake rate constants related to discharge q

From the equation (15), five groups of T, aT, by values can be got by using
method of least square. Next from the Equation (14), the relations among ., 8, and
q can be obtained. From the Equations (14) and (15), the relation is obtained as below:

I=a,® = aTq""
logat, + B, log T = logarz + brlogq

where, T = 10, 20, 30, 40, 50 minute, and by least square method, the normal equation
can be established.
51log @, + Bo (log T) = [log a:) + (b: log q)
{ (log T) log &, + B.[(log T)*} = Ulog T log a,] + (b. log aJ

Using matrix, the equations above becomes the Equations (16) and (17).

logao=%+% log q =10 qA ..................... PR (16)
g, = 5 (Jog T log a;] _ Uog T] (log ay)
° A A
+ A5(bs log T) —lzg Tl(bedy loggq an

where, A =5 [(log T)?] - [log T]?
B = [(log T)*] [log at] - [log T] [log T log a1 ]
C =1log [(log T)?] [br] -[bT log T] [log T]

(4) Calculation of advance run distance x and elapsed time t, based on the analyzed
values of u, a, B, corresponding to discharge q

A Calculation of @« and B, The results from the Equations (16) and (17) are the
constants of accumulated intake «,, #,, but here «, 8 are intake rate constants, the
relation between the two is:




a=a.B, and B=B,—1 (B=0 to—~1)

B Using the Equation (11), #=al’'(1+8)¢,, calculate ¢,, because’ a, and B are
known in different of q.

C Using the Equation (9A), <. =<{/ti+#, to calculate ¢, in different irrigation
application time t. :

D Using the Equation (5) or (7) or Fig. 1, to get the value of F in different value of
¢ and B.

E From g/u, to calculate the initial velocity Vo

F From yF, to calculate relative value of v.
G But v = «/t; from here to get value of x in different of time t.

From the calculation results above, a set of water advance curves in different q can
be obtained.

(5) Computation of accumulated intake in soil layer at the end of irrigation

From the water advance curves in different discharge can be got at the accumulated
time, then using the Equation (14), I=«,t #° accumu}ated intake in different distance is
calculated. After that an accumulated intake curve can be obtained.

3. Irrigation Experiment on Upland Crop

(1) Introduction

In order to carry out the policy of food production, planting area of upland crop
will be enlarged by reducing area of paddy rice. In the irrigation phase, nine experiment
stations were established in 1963. The most important station is Chia-nan. The irrigation
area is about 151,970 ha, it includes Chia-nan and Yun-lin Irrigation Associations with
36% of total irrigation area in Taiwan. Because of shortage of irrigation water, crops
rotation in three years is carrying out. It means that crops such as paddy rice, sugar cane
and other upland crops are planted within three years. Paddy rice is irrigated with
enough water and sugar cane is irrigated 1 to 2 times in growing season. But no irrigation
is carried out for upland crops, except when the water is surplus. A new Tseng-Wen
reservoir was constructed. During that construction period, how to use the water resource
for upland crop irrigation after completion of the reservoir was the main purpose of
. irrigation experiment. So, Chia-nan Irrigation Association established “Hsueh-chia
Upland Crop Irrigation Experiment Station” in 19619 and “Hsinkang Irrigation
Demonstrateion Station” in 19635). The technical assistance was carried out by the
Department of Agricultural Engineering, National Taiwan University, Tainan Agricultural
Improvement Station and Taiwan Sugar Research Institute. The field work was carried
out by Chianan Irrigation Association itself. These projects were implemented during the
13-year period from 1961 to 1974. The experimental items are described hereunder.



Crop consumptive use of water®
surface irrigation and water conveyance loss in irrigation ditches
Experiment on fertilizer related irrigation factor
Experiment of improving salty land
The experiment on surface irrigation was done by the author during the 13-year
period and details will be described below

Uaw»

(A) Preparation of Experiment

Before experiment on surface irrigaticn, a working team was organized. The team
was composed of about 5 persons. They were assigned to provide the knowledge on
hydraulics, irrigation, surveying, crop, soil, etc. The experimental equipments include
Parshall flume, surveying level and staff, infiltration meter, soil auger, oven, soil can,
stop watch, PVC sheets, etc.

(B) Selection of Experimental Field

Before selection of experimental field, irrigation method on furrow or border, kind
of soil texture and crop were decided and pre-selection on the map in a scale of 1/4,800
was made. Then, the field reconnaissance was carried out to observe the details. The
conditions observed were described below.

a The experimental plots were selected in the same place, the soil texture and

slope were uniform.

b The experimental plots were in regular shape, slope and the length of the plots

were more than 100 meter.

(C) Basic Data for Surface Irrigation Experiment

a Soil texture and soil moisture constants

Before carrying out irrigation experiment, soil sample was taken from the experi-
mental field for soil mechanical analysis and soil moisture constants such as field
capacity, wilting point, apparent specific gravity were analyzed. The soil samples were
taken from five places, in the depth 20 to 100 cm each below field surface in one
hectare. The soil data in experimental station of Hsueh-Chia and Hsinkang are shown in
Tables 1 to 3, from which the quantity of irrigation water can be estimated from the
Equation (18) based on the soil data.

Table 1 Soil texture and soil moisture constants in
Hsueh-chia Upland Crop Experimient Station

Soil Field Wilting Apparent
depth Sand Silt Clay Soil capacity point specific
(cm) (%) (%) (%) texture (%) . (%) gravity
0- 10 26.82 54.90 18.28 Silty loam 22.60 4,78 1.36
10—~ 20 26.22 55.10 18.68 Silty loam 20.60 4.66 1.47
20— 40 28.56 53.04 18.40 Silty loam 21.20 4.86 144
40— 60 34.82 48.80 16.38 Loam 23.30 6.22 - 1.34
60— 80 37.96 41.40 20.64 Loam 20.20 5.37 1.46
80-100 §5.22 28.60 16.18 Sandy loam 15.68 2,12 1.51
Average Silty loam 20.60 4.67 1.43

From: Reference (6)
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Table 2 Soil texture in Hsinkang Irrigation
Demonstration Station

Soil depth Sand Clay Silt

Field No. (cm) (%) (%) (%) Soil texture

57 10 56.94 13.19 29.87 Sandy loam

57 30 61.07 12.79 26.14 Sandy loam

57 60 51.74 14.19 34.07 Sandy loam

146 10 53.07 15.59 31.34 Sandy loam
146 30 46.07 16.79 37.14 Loam

146 60 61.41 13.93 24.66 Sandy loam
983 —989 0-20 48.01 11.71 40,28 Loam
20 - 40 46.01 15.03 38.96 Loam
ggg :998899 40 - 60 49.76 15.00 35.24 Loam
957 — 965 0-20 43.83 17.97 38.20 Loam
957 _ 965 20 - 40 42.23 18.25 59.52 loam
957 — 965 40 — 60 42.23 18.05 39.72 Loam
955 — 956 0-20 38.04 16.16 45.80 Loam
1001 - 1004 20 - 40 40.24 20.96 38.80 Loam
1001 — 1004 40 — 60 31.64 26.36 42.00 Loam
985 — 990 0-20 39.24 14.76 46.00 L'oam

985 — 990 20 - 40 27.64 21.16 51.20 Silty loam
985 — 990 40 - 60 38.84 18.76 42.40 Loam
948 — 950 0-20 34.85 17.55 47.60 Loam
948 — 950 20 - 40 33.25 21.95 44.80 Loam
948 — 950 40 - 60 28.85 27.95 43.20 Clay loam

948 — 950 60 — 80 27.65 27.15 45.20 Loam
948 — 950 80 - 100 30.45 24.35 45.20 Loam
1003 - 1005 0-20 53.84 18.16 38.00 Loam
1003 — 1005 20 - 40 41.91 20.81 73.28 Loam
1003 — 1005 40 - 60 38.64 26.56 34.80 Loam
1003 — 1005 60 — 80 42.14 21.16 31.20 Loam
1003 — 1005 80 — 100 41.44 25.36 33.20 Loam

From: Reference (5) (22)

Table 3 Soil moisture constants in Hsinkang Irrigation Demonstration Station

Field Capacity Wilting Point Apparent
Soil texture (%) (%) Specific gravity
Loam 21.00 5.70 1.58
Loam 21.50 4.98 1.58 1.58
Loam 19.46 1.76 1.55
Loam 22.78 8.32 1.53
Loam ' . 18.52 5.74 1.46
Loam 21.84 5.99 1.46
Average 20.85 9.37 1.53
Sandy loam 19.59 5.49 1.39
Sandy loam 19.52 6.47 1.52
Average 19.61 5.98 1.46

From: Reference (5) (22)
d=(FC-WP)xAgsD ... .
where, d; depth of water to be irrigated
FC: field capacity of irrigated soil
Wp: wilting point of irrigated soil



As: apparent specific gravity
D: depth of root zone

The suitable irrigation water in Hsueh-chia and Hsinkang stations are shown as below:
Hsueh-chia station: d = (0.206-0.0467) x 1.43 x40 =9.11cm

Hsinkang station: d = (0.2085-0.0937) x 1.53 x 40 =7.03 cm
(for loam) ’

Hsinkang station: d = (0.1961-0.0598) x 1.46 x 40 =7.96 cm
(for sandy loam)

The above irrigation water is estimated for the crops with shallow root zone such as
corn, peanut, soybean, etc., but for sugar cane, the root zone depth of 60 cm is used.

b Soil moisture before irrigation

Before irrigation experiment, soil samples were taken for determining soil moisture.
When the soil moisture is at 50% of available soil moisture, the experiment was carried
out.

¢ Slope surveying

-Slope is the important basi¢.data for irrigation, so the data have to be taken befose
irrigation experiment. In the field of upland crops rotated with paddy rice is very flat
and the average slope in Chia-nan irrigation area is shown in Table 4.

Table 4 The average slope of the field of upland crops rotated*with paddy
rice in Chia-nan irrigated area

Location Tung-houdiao Hsinkang Wu-lan - Yaun-zhang I-zhu Hsueh-chia Tai-xi Average

Slope (%) 0.14 0.15 0.13 0.22 0.19 0.13 0.46 0.20
From: Reference (23) (24)

d Measurement of intake rate .

Intake rate is very impportant for surface irrigation. During irrigation experiment,
intake rate was measured. The method of cylinder was used for border irrigation and
ponding or inflow-outflow method were used for furrow irrigation. The data of intake
rate in every kind of field are shown in Table 5. From the figures in the table, No. 1 to 4
and No. 8232426) were measured in the field of upland crops rotated with paddy rice
when the soil moisture is at 50% of available soil moisture. The basic intake rate are
quite low. The data of-No. 8 and No. 9% were measured in the same field. But No. 8
was measured in the field when upland crop was planted and No. 9 was measured on
paddy field when soil moisture was at field capacity. The rest of the intake rate values
were measured from ordinary upland field. The figures of basic intake rate are very large
as compared with those in the field of upland crop rotated with paddy rice.

(D) Operation of irrigation Experiment

a Staking
Before operation of the experiment, stakes were set at every ten meter in length in
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the field. When the crop was high, the stakes had have to be shown aBove the crops.
Otherwise, a target was needed to connect with each stake..

‘Table 5 Intake rate in evei'y kind of field in Taiwaﬁ

Intake rate inkt™
Intake rate constants

Basic * Times of

No Location Soil texture - k* n intake rate =~ Measurement
1. Hsueh-chia Silty loam 211 0.855 1.017 12
2. Tung-hou-jiao  Siity loam 294 0.719 3.749 4
- 3. Chij-li-shin Sandy loam and loam 246 0.780 2.033 12
4. Sha-yin Silty loam to sandy loam 338 0.774 2.916 4

5. Chi-tin Sand 1,544 0.265 402.974

6. Chang-hun Sand . 145 0.160 69.856 5
7. Ilan Sand ) A 224 0.150 114.050 7
8. Chun-Chi Loam (upland crop) 198  0.753 1.984 2
9. Chun-Chi Loam (paddy field) 7.8 0.796 0.070 30
10. Shui-shi Sandy loam 367 0471 24.381 2
11. Hsin-yin Clay - 94 0.605 1.752 1
1

12. Tai-nan Sandy loam . 28 0.630 0.666

* Unit: mm/hr
From: Reference (23) (24) (26) (30) (31) (32)

b Setting of Parshall flume

Setting of Parshall flume at the head of experimental field was made for measuring
experimental discharge. The size of the Parshall flume was determined to be six inct.es
for border and three inches for furrow. After setting of the Parshall flume, the ditch
from Parshall flume to the entrance of experiment field was paved with PVC sheets to
prevent the water seepage from the ditch.

¢ Water advance run , _ :

After all the prepatation for experiment was over, the entrance in head ditch was
opened and water was supplied into the field. Time keeper observed the water advance
run. When the water arrived at some distance from the head of ditch, he recorded the
time according to the mark of the stakes as follows: '

Distance 10 20 30 40 50 60 70 80 90
(m) ,

Time 07 20 42 71 105 163 233 311 358
(min) /

In order to help the time keeper in recording the arrived time and get a good ac-
curacy of the experiment, one or two workers were required to regulate the water
advance. After finishing the record of the water advance run in the first plot, water was
distributed into the next plot and the entrance of first plot was closed at the same time.
However, time keeper in the first plot observed water advance run continuously. It was



necessary to assign another time keeper to observe the water advance run in the next
plot.

During experiment, a discharge keepr was -assigned to regulate the discharge. The
discharge keeper had have to watch water flowing in Parshall flume and adjust the
discharge to keep a constant.

(E) Distribution of the Members of the Experiment Team

The members of team for the experiment was organized before experiment and the
composition of the members was as follows:

— Time keepr for water advance run 2 2 persons
— Discharge keeper and control entrance 1 person
— Measurer of intake rate 2 persons

Other 2 to 3 workers were needed for helping the experiment:

— To regulate water advance run ‘ 1 to 2 workers
— To open and close the entrance notch 1 worker occasionally
— To help for intake rate measurement 1 worke - occasionally

Therefore, the experimental team was composed of 5 members and 2 to 3 workers
during experiment operation.

(F) Taking Soil Sample after Experiment

After all of the irrigation water was infiltrated into soil, soil sample was taken for
measuring soil moisture to check how much water was infiltrated into soil root zone. In
most type of.soil, soil surface may dry up within 24 hours, but in less infiltration soil
like clay, it needs 36 to 48 hours. -

(G) Results of Water Advance Run

The experimental data of water advance run are shown in Table 6 and 7. In the
tables are shown discharge q, total irrigation time tr, total length of run Ly, water
advance distance when the entrance is shut off, Dy, etc. There are the results from 36
advance run in Table 6A for furrow irrigation in sandy loam and 62 advance run on
Table 6B for furrow irrigation in silty loam. Tables 7A and 7B show border irrigation 20
and 18 experiments in silty loam and sandy loam respectively.

(H) Discussion on Accuracy of the Irrigation Experiment

The factors influencing accuracy of irrigation experimént are soil moisture before
irrigation, discharge, distance and time recorded during water advance run, uniform of
slope, roughness of field surface, etc.

a Soil moisture before irrigation

Before experiment, the officers of Hsueh-Chia and Hsinkang Experiment Stations
checked soil moisture occasionally. In case that the soil moisture was at 50% of available
soil moisture, experiment would be carried out next day. The experiment was continued
for two days after taking soil sample, because it needs 24 hours to dry soil in oven.




Table 6A Basic experimental data of water advance run on furrow irrigation (sandy loam)

: qu 053 4 Distance (m)/Time (min) when water arrived
No. (m3/min) (min) (m) (m) (3) 10 20 30 40 50 60 70 80 90. 100 110 120
1 .24 ' 40.3 100 100 100 .7 2.0 4.’2‘ 7.1 10.5 16.3 23.3 31 35.8 40.3
2 .24 24.0 100 90 90 .7 1.6 3.3 5.3 7.9 10.7 13.3 16.8 20.3
3 .36 27.3 110 éE 80 .7 1.9 3.6 5.5 7.6 10.3 13.0 16.0
4 .36 29.2 110 77 70 .6 1.5 3.0 4.9 7.2 10.2 13.0
5 .48 17.8 100 82.5 75 . 1.3 2.4 5.1 5.2 7.2 9.4 11.9
6 .48 14.1 90 63 70 . 1.4 2.5 3.8 5.3 6.9
7 .24 40.8 120 120 100 . 1.6 3.4 6.1 5.1 13.7 18.5 22.3 26.9 32.8 38.5 40.8
8 .24 42.7 120 108 90 . 1.6 3.4 6.0 9.8 14.4 19.2 23.6 34.6
9 .36 35.9 120 96 80 .5 1.5 3.2 5.3 8.0 11.4 15.2 18.4 22.6
10 .36 34.9 120 90 5 .6 1.7 3.0 4.6 6.8 9.7 13.0 15.9 20.1
1 .48 24.6 130 82.5 75 .5 1.6 h.c . 4.7 6.7 9.1 " 11.8 14.5
12 .48 26.5 110 77 70 .5 1.6 3.0 5.0 7.0 9.5 12.4
13 .24 26.7 120 120 106 .B 2.1 3..6 5.8 7.8 10.9 12.2 14.7 17.9 20.9 23.6 26.7
14 .24 25.5 120 96 80 .9 2.1 3.7 5.3 7.3 8.8 11.1 13.5 16.3
15 .18 25.5 80 64 80 1.2 2.9 5.2 8.0 1l.1 15.3
16 .18 1.5 80 72 9% .9 2.4 4.2 6.4 9.2 12.2 le.2
17 .18 ' 20.8 80 80 160 1.0 2.8 5.2 7.7 10.4 14.6 18.1 20.8
18 .24 29.5 120 108 9 .8 2.2 3.8 5.8 2.9 10.7 13.8 17.1 19.6 22.9
19 .30 24.8 120 108 $0 .7 1.3 2.9 4.2 5.3 8.5 1.1 13.4 15.7 16.7
20 .30 22.0 110 88 80 .7 2.3 3.0 4.9 6.5 8.5 10.7 13.4
21 .30 21.7 3120 120 100 .7 1.3 2.4 3.9 5.8 7.2 8.8 10.8 13.0 16.3 18.8 21.7
22 .36 18.6 120 108 9 .6 , 1.4 2.8 4.3 5.6 7.6 9.3 10.9 12.6 14.4
23 .36 22.2 120 120 100 .5 1.3 2.9 4.8 6.2 2.8 9.9 11.5 15.0 16.3 19.0 22,2
u .36 26.0 120 9. 80 .8 1.9 3.6 5.9 7.3 9.4 11.8 13.8 6.8
25 .18 22.3 80 64 80 . .9 - 2.6 4.5 7.1 10.2 13.3
26 .18 19.6 80 72 90 .9 2.7 4.9 7.3 9.9 13.0 16.3
n .18 19.8 80 80 100 .9 2.4 4.4 6.8 9.5 12.9 16.4 19.8
28 .24 28.9 120 96 80 .7 1.9 3.3 5.1 7.2 9.2 11.3 13.8 16.6
29 .24 29.6 120 108 90 .8 2.3 3.8 6.2 8.3 10.9 13.9 17.1 19.7 22.5
30 .24 26.3 120 120 100 .9 2.3 3.7 5.6 7.5 9.8 11.7 14.0 16.6 19.7 24.2 26.3
3 .30 24.8 120 %6 80 .7 1.7 2.8 4.7 6.1 8.1 10.4 12.8 15.1
32 .30 25.4 120 108 90 .7 1.6 3.0 4.6 6.3 9.1 12.2 14.5 15.7 19.8
a3 .30 23.5. 120 120 100 .7 1.8 3.0 4.7 ’ 6.5 8.6 10.8 12.9 14.8 17.8 20.4 23.5
34 .36 23.§ 120 96 80 .7 1.8 3.3 5.1 6.6 8.4 10.9 12.5 15.0
as .36 20.5 120 108 9 .7 1.6 2.9 4.5 5.9 7.8 9.5 11.6 13.6
3% .36 22.0 120 120 100 .7 1.6 3.0 4.5 6.1 8.2 - 0.2 12.4 14.8 16.8 19.2 22.0
Ave. time when q is .24 m3/min
(10} .74 1.97 3.62 5.83 8.33 11.54 14.83 18.40 22.43 26.52
- - .« " .36 " (10) .64 1.62 3.13 4.94 6.73 9.08 11.58 13.67 16.31
- . " - .48 - {4) .50 1.48 2.73 4.6%5 6.05 8.18 11.20 13.20
e .- " .18 " (6} .97 2.63 4.73 7.22 10.05 13.55 16.75 20.30
® b " - .30 " (G)A .70 2.28 2.85 4.50 6.08 8.33 10.67 12.97> 14.65 17.97
Mote: 1. tp: total time of irrigation
2. Lp: total length of furrow
3. Dg: water advance distance when the entrance is shut off
length of furrow

4. A : the percentage of water shut off distance tc the total

From: Reference (22) (23)
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Table 6B Basic experimental data of water advance run on furrow irrigation (silty loam)

q tr Ly Ds ______MQM'M*V“
Mo. (md/mim (min) (m) (m) (v) 30 20 30 40 50 €0 70 80 50 100310 120
1 .12 43.67 100 80 80 1.9 4.2 7.3 10.5 14.3 18.2 22.9 27.9
2 .12 36.9 100 90 9% 1.0 2.7 6.2 9.3 12,6 16.7 20.6 25.8 3l1.10
3 .12 45.4 100 100 100 1.9 4.8 8.7 13.5 17.9 22.6 28.0 33.5 39,2 45.4
4 .24 30.3 100 70 70 1.1 2.5 4.5 6.7 9.3 11.9 14.4
5 .24 22.9 100 80 80 0.9 2.4 4.1 6.0 8.7 11.2 13.8 16.2
6 .24 23,9 100 9% S0 1.2 2.9 5.1 7.1 9.8 12.5 15.4 18.4 21.2
7 .36 21.9 100 70 70 0.9 2.3 4.0 5.7 7.6 9.4 12,3
8 .36 19.9 100 80 80 0.6 1.6 3.2 5.0 6.9 8.8 1.1 13.2
9 .36 18.9 100 90 90 0.7 1.7 3.7 5.4 7.0 9.3 11.? 14.2 16.4
10 .12 18.0 100 B8O 80 1.0 2.3 3.6 5.2 7.0 8.9 10.8 12.7
11 .12 20.0 100 90 9 0.9 2.4 4.1 5.7 7.6 9.7 11.7 13.9 16.8
12 .12 18.2 100 00 100 0.9 2.3 3.5 4.9 6.5 8.7 10.7 12.9 15.2 18.2
13 .24 13.4 100 70 70 0.7 1l.& 2.6 3.8 5.1 6.5 7.8
14 .24 11.7 100 80 a0 0.7 1.4 2.3 3.3 4.3 5.6 6.9 8,5
15 .24 1l1.4 100 9 9 0.6 1.2 2.0 3.1 4.2 5.6 7.0 8.4 9.8
16 .36 11.0 100 70 7 0.4 1.1 1.9 2.8 3.9 5.0 6.1
17 .36 ‘9.9 100 80 80 0.5 1.2 2.0 2.9 3.8 4.9 5.9 6.8
18 .36 10.0 100 90 9% 0.6 1.3 2.1 2.9 3.8 4.9 6.0 7.4 8.7
19 .12 57.0 110 88 80 1.4 3.1 7.1 2.0 17.5 23.6 30.8 40.7
20 A2 68,7 90 8l 90 2.3 7.0 12.0 19.1 27.8 35.0 43.3 50.5
n .12 40.4 90 90 100 1.2 4.0 5.5 9.6 14.3 19.0 26.4 32.7 40.4
22 .24 18.2 90 63 70 1.0 2.4 5.0 8.3 13.4 17.3
23 .24 25.2 9 72 80 1.2 3.% 6.6 10.6 14.8 19.8 25.1 .
24 .24 25.8 90 81 90 1.2 3.8 6.6 9.8 13.1 17.0 21.0 25.0
25 .30 13.6 100 70 76 1.0 2.2 3.9 6.3 9.2 12.6 13.6
26 .30 29.0 90 72 80 0.9 2.6 4.3 6.7 10.1 13.0 l18.2
27 .30 22.3% 90 81 90 1.5 2.9 5.1 8.0 11.4 4.6 17.7 -21.9
20 .30 21.5 120 84 70 0.6 1.5 2.8 4.3 5.7 7.7 9.4 11.1
29 .30 17.9 120 108 9¢ 0.5 1.4 2.4 3.9 5.3 7.1 8.9 10.7 12.4 14.0
30 .30 18.7 120 96 B0 0.6 1.5 2.7 4.1 5.6 7.4 9.2 l10.9 12.7
31 .24 22.3 120 84 70 0.8 1.7 2.8 4.0 5.8 7.5 9.5 1l.5
32 .24 18.2 120 108 920 0.5 1.2 2.2 3.5 5.0 6.6 8.5 10.3 12.0 4.2
33 .24 19.5 120 96 80 0.6 1.5 2.7 4.1 5.7 7.4 9.2 10.9 2.8
34 .18 23.3 120 9% 80 0.7 1.7 3.2 4.5 6.8 8.9 10.9 13.0 4.8
as .18 23.2 120 120 100 0.7 1.8 3.5 5.2 6.8 9.4 11.5 13.9 15.9 18.1 20.1 23.2
36 .18 22.2 120 108 9 0.8 2.0 3.3 5.0 7.0 9.1 11.3  13.5  15.4 17.5
krd .12 42.0 100 80 80 1.5 4.0 4.4 10.0 14.0 18.5 23.2 26.7
a8 .12 32,9 100 100 100 1.1 2.9 5.1 7.7 12.3 15.8 19.9 23.5 28.8 32.9
39 .12 31.0 100 90 90 1.1 3.4 5.5 8.3 11.7 15.2 18.8 22,1 26.8
40 .12 33.3 100 .100 100 0.9 2.9 5.2 7.8 12.1 16.0 20.6 24,1 29.7 33.3
41 .12 30.8 100 90 90 0.8 3.8 5.9 8.3 11.3 15.0 18.6 21.3 27.2
42 .12 41.8 100 80 80 1.6 4.5 7.4 11.5 15.3 20.7 25.6 29.0
43 .18 21,3 120 120 100 0.6 1.6 3.1 4.4 5.1 8.2 10,2 © 12.7 14.5 16.6 18.8 21.3
4 .18 20.8 120 108 9 0.8 1.8 3.0 4.5 6.3 8.2 10.2 12.1 14.0 15.9
45 .18 22.0 120 96 80 0.7 1.8 3.6 4.2 6.9 8.6 10.7 13.0 14.0
46 .24 17.6 120 108 9 0.5 1.3 2.4 3.6 5.1 6.4 8.3 10.0 11.6 13.3
47 .24 20.1 120 96 80 0.5 1.5 2.6 4.0 5.6 7.2 8.1 10.7 12.9
48 .24 21.7 120 84 70 0.7 1.6 2.4 3.5 5.2 6.9 8.7 10.6
49 .30 17.8 120 108 9 0.6 1.5 2.8 4.3 5.7 7.5 9.3 11.0 12.6 14.1
50 .30 17.8 120 96 80 0.5 1.4 2.4 3.8 5.3 7.1 8.6 10.3 12.0
51 .30 22.2 120 84 70 0.5 1.7 3.0 4.4 5.9 7.6 9.2 11.0
52 .18 28.7 100 80 80 1.5 3.7 6.2 8.7 11.2 14.1 17.6 20.5
53 .18 27.9 100 90 90 1.6 3.4 5.9 8.3 11.2 13.9 16.6 20.6 23.8
54 .24 21.3 100 70 70 0.9 2.2 3.7 5.5 7.4 9.6 11.9 .
55 .24 19.8 100 80 80 0.7 2.1 .8 5.6 7.5 9.8 12.3 14.6
56 .24 18.9 100 90 90 0.8 2.1 3.9 5.6 7.5 9.5 12.0 13.9 16.4
57 .30 21.9 100 70 70 0.9 2.0 3.6 5.4 7.1 9.7 11.7
58 .30 23.0 100 80 80 0.7 3.3 4.0 5.9 8.4 11.4 14.5 16.7
59 .30 21 0 100 90 9 0.9 2.5 4.4 6.5 8.6 10.8 13.1 15.5 18.1
60 .36 251 100 70 70 0.8 2.3 4.0 6.0 8.0 10.5 13.1
61 .36 22.1 100 80 80 1.0 2.6 4.6 6.7 8.8 114 13.5 15,9
62 .36 21.5 100 20 9% 0.7 2.3 4.1 6.6 8.8 11.1 13.7 16.3 19.2
Ave. time when q is .12 ad/min
(15) 1.30 3.62 6.10 9.56 13.48 17.57 22.13 26.49
- " - d .24 * (18) .81 2.05 3.63 5.45 7.64 9.91 11l.82 13.00
- - - - .36 " (9) .69 1.82 3.29 4.89 6.51 8.37 10.38 12.30 14.77
. - - - 230 0% (12) .77 2.04 3.45 5.30 7.36 9.71 11.95 13.23
. . . o .18 - {8) .93 2.23 3.98 5.60 7.66 10.05 12.38 14.91 16.06 17.03
Note: *1. the time when water arrives at the distance 8l m
From: Reference (22)(23)



Table 7A Basic experimental data of water advance run on border irrigation (sility loam)

q Width trl LT2 DS3 4 Distance (m)/Time arrived (min)

No. {(m3/min/m) (m) (min) (m) (m) (%) 10 20 30 40 50 60 70 80 90 100 Remarks

1 0.0966 102.2 90 4.0 10.0 18.5 30.2 45.2 59.0 75.5 88.6 102.2 Corn

2 0.1380 65.1 90 2.3 6.1 11.3 17.4 26.5 36.1 46.5 55.4 65.1 "

3 0.1212 79.3 90 2.3 7.2 13.1 21.1 32.4 45.2 56.2 69.0 79.3 "

4 0.0696 82.3 20 3.1 7.9 16.0 24.4 37.4 49.4 60.6 71.0 82.3 "

5 0.1938 35.1 90 1.8 4.3 7.4 11.4 15.4 20.4 24.7 30.7 35.1 "

6 0.1452 45.3 90 1.7 4.6 8.2 12.8 18.1 24.1 31.1 37.8 45.3 "

7 0.0966 65.6 90 2.4 6.3 11.9 18.3 26.3 34.2 43.4 54.0 65.6 "

8 0.0966 69.1 90 2.8 7.9 13.9 21.6 30.7 41.3 50.8 59.5 69.1 "

9 0.1380 46.3 90 2.3 5.3 8.5 13.0 18.4 24.8 32.2 39.6 46.3 "

10 0.0966 44.2 20 2.4 5.6 9.4 13.6 20.0 25.1 31.5 37.8 44.2 "

11 0.1500 51.5 30 3.7 6.6 10.3 15.8 20.8 26.8 35.8 42.8 51.5 "

12 0.2100 25.6 70 2.8 4.7 7.8 11.3 15.8 20.2 25.6 "

13 0.2400 16.3 60 1.6 3.5 5.7 8.3 12.1 16.3 "

14 0.0696 5 137 100 26 9% 8 14 27 38 53 68 82 99 120 137 "
15 0.0696 5 129 120 104.4 87 3 9 17 27 38 51 61 72 83 97 112 129
16 0.0696 5 126 120 106.8 89 4 10 17 27 40 50 63 72 85 97 111 126
17 0.0696 5 134 120 103.2 86 4 12 21 34 41 50 68 79 95 110 121 134,
18 0.0696 5 126 120 104.4 87 4 10 17 28 38 49 57 69 83 98 113 126
19 0.2280 4 70 120 2 4.5 8.5 13.0 19.5 25.0 30.5 36.5 43.5 50.0 59.5 70
20 0.2280 4 98.5 120 2.5 5.5 11.5 17.5 25.5 32.5 43.0 58.0 66.0 74.5 84.5 98.5

Note: 1. tg: total time of irrigation

2. Lr: total length of the border

3. Dsg: water advance distance when the entrance is shut off
4,

% : the percentage of water shut off distance to the total length of border

From: Reference (22) (24)




Table 7B Basic experimental data of water advance run on border irrigation (sandy loam)

q .
@3/ widen o' 12 pgd ¢ Distance, the vater arrived (s
¥o. min/a) (m) __(min) {(m) (m) () Time, the water arrived (min) Remarks
21.2 31.2 41.5, 55.2 74.8 95.4 112.7 124.3
1 0.28% 8.4 30 124.3 105.7 85 1} 5 3 e s 2 ek T Corn
20.6 32.1 43.7 55.3 72.7 B5.4 98.9 120.1 137.3 .
2 02928 8.2 35 137.3 1267 92 2% M 3 e 15 20, 25 “an as
e 18.0 30.8 37.5° 54.2 73.7 81.8 110.7 127.0 .
3 03810 6.3 30 127.0 111.8 88 ) s 3 10 15 26 2% 30
. 20.5 43.0 56.0 73.3 85.7 102.7 115.3 127.3 .
4 0.27%0 8. 30 1223 112.0 ss 9 S5 10 15 2w w
26.5 44.2 5$7.6 77.3 96.1 114.6 141.9 .
$ 0.3660 7.7 25 1419 1249 s 0% 4 3 e i Taeas
. 13.2 21.2 26.6 35.6 41.9 50.5 56.0 61.6 69.2 75.5 82.5
6 0.2852 e8.55 25 825 825 o0 ) p R e 10 v 15 1 Tz 3 ae
12.0 '21.8 28.8 31.7 43.0 49.5 54.6 59.8 65.8 71.4 82.4
7 0320 7.7 24 824 M e MY : 6 s 10 13 e 16 18 20 24
i . 14.6 24.2 32.4 40.7 48.2 56,1 63.5
8 -0.3582 6.9 14 635 50.8° g0 4 : . s o 1 e Corn
13.5 23.8 31.4 41.0 50.3 58.8 65.4 70.5 "
9 03689 6.7 16 705 e2.0 as 15 . & 1o 1 St
21.8 35.5 48.5 54.5 67.0 75.9 82.4 .
10 0.3800 6.5 14 824 3537 86 p p A
16.4 31.9 "42.6 53.3 63.5 74.1 80.6 .
11 03482 7.1 14 0.6 7.7 a4 16 ; p s e 5 %
12 0.2588 9.55 9  40.0 35.6 @89 18:7 26.9 33.1 40.0
3 5 .7 9
13 0.2760 8.95 9  41.B 3s5.1 8q 19:¢ 278 35-4 418 -
2 5 7 9 ,
X 20.3 32.7 43.7 59.0 74.7 93.0 107.3 120.5 136.0 R
14 0.285% 9.45 35 -136.0 120.2 95 : 3 Pt Tie T3el 103st 75 1
) 20.6 35.5 '52.6 67.9 81.4 95.0 107.6 118.1 128.2 - .
15 0.1800 15.00 40 128.2 115.4 80 2O} e 1o s a T e M MG
10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 .
16 01392 16.30 35.4 800 67.2 84 375 yT) T9lo 124 17.8 24.2 29.9 35,4
. 10.0 20.0 .30.0 40.0 50.0 60.0 70.0 80.0 90.0
7 o. . . . . -
17 0.198 0.0 90.0  90.0 100 ;75 YT sl 14.0 20.4 27.2 34,2 42.5 50.0
10.0 20.0 30.0 40.0 50.0 6.0 70.0 80.0 90.0 .
18 o. . . . . : - ; ®
0.1452 8.0 90.0 90,0 100 "7 'y 202 1901 27.1 37.3 47.9 $6.5 8.0
Nota: 1. tg: total time of irrigation
2. Lp: total length of the border
3. Ds: water advance distance when the entrance is shut off
4. V : the percentage of water shut off distance to the total length of border

From: Reference (22) (24)
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b Discharge

There was enough quantity of water used for experiment. The discharge was con-
trolled at the gate in the upstream of the ditch, but it is controlled again by Parshall
flume on head ditch. A discharge keepr checked discharge all the time during experi-
ment.

¢ Distance and time recorded during water advance run

The time keeper read the figures according to the

target and the stop watch, but there may ‘be some \
border

. head ditch

errors due to water flow condition. When the water
was flown into a border, the water flow will be formed
as the right figure and some recording errors may 1/ /
occur. In case that the experiment is made in furrow, \*\
there may exist some gap holes on furrow ridge such as

mouse hold and the water flows out of the measured furrow. It may also be some error
in record.

d Slope : ,

Upland crops are rotated with paddy ricein | J————100 m— =
experimental field. When paddy rice is planted,
farmers built one or two ridges in one plot,
because of uniformity in irrigation for paddy
rice. After harvesting paddy rice and planting
upland crops, the ridge is destroyed. If the land
preparation is not completed, a small stump 7z i
exists and nonuniform slope is made.

e Roughness of field surface

Since farm size in Taiwan is very small, the selected experimental field is composed
of many farmer’s areas. There is difference in farming operation custom among their
fields and in roughness of each field surface.

The errors mentioned above cannot be avoided. It is only one way that a careful
selection of experimental field shall be made before carrying out experiment.

entrance

ridge

farm road
farm road

T ——

G

4, Data Analysis

Based on the theoretical analysis mentioned in article 2 and using the experimental
data from Tables 6 and 7 to analyze furrow and border irrigation, the procedures
include: calculation of intake rate constants «, 8; cross section u from distance x and
the elapsed time t corresponding to irrigation discharge q; determination of the normal
equation of u = Aq® and discussion of their errors; determination of the normal equa-
tion of Ip= aTqu and calculation of accumulated intake constants a., 8,; determi-
nation of advance distance x and elapsed time t based on the analyzed values of
M, a, 8, @,and B,, corresponding to the discharge q; calculation of accumulated intake
in soil layer at the end of irrigation.n. The details are described below.
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(1) Calculation of intake rate constants a, # and water cross section u from experi-
mental data by cut and try method
Following the steps to calculate , B and u mentioned in subsection (2) of article 2

based on the data of No. 1 experiment in Table 6A, v/ x and log;:L are calculated as
follows:

x (m) 10 20 30 40 50 60 70 80 90 100
Vx 3.16 4.47 548 632 707 775 837 894 949 10
t (min) 0.7 2.0 4.2 7.1 10.5 163 233 311 358 403

xft 14286 10.000 7.143 5.634 4.762 3.681 3.004 2.572 2.514 2481
log% 1.155 1.000 0.854 0.751 0.678 0.566 0.468 0.410 0.400 0.395

PlottingV' x against logx/t: on Fig. 2, it can be got the estimated value v , = log> =
143 (X = 27) and it can also be got the other points (0.59, 7.74), (0.68, 7.07), and
(0.75,6.32) on Fig. 2 : ’

After solving the log (x /t) and nn points, three couples of x and t can be got as fol-
lows:

*,=60m 22= 50m x3=40m
t, = 15.424 min. t,=10.5 min. t3= 7.1 min.

Using the Equation (4) to get F values from ¥.. and x,/t;,then estimation of Bis
made to get the value of from Fig. 1.

Vx

10 T

(0.59, 7.74)

(0.68, 7.07)

(0.75, 6.32)

loggr/ty 143

Fig. 2 Method of estimating v.., x and tj values
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Voo o xllti . F C

27.00 3.890 0.144 7.240
4.762 0.176 5.760
5.634 0.214 4.564

From the Equation (8), the value of § is calculated.
1+ B = log (&i/¢s) [ 1log (ta/ t2)
=log (7.24/5.76)/log(15.424/10.5)= 0.595
- B=-0.405
Using the Equation (9A), ¢. is calculated.
Lo=C/ti 4P =7.24/15.424%595= 1 4228
Using the Equation (9B), &: is calculatéd.

7 A=CotsP =1.4228 x 7.1%5% = 4,567

\

From Fig. 1, F;=0.214 is got.
Y
Ver = Q/Fs = 5.634/0.214= 26.327
Check: (27 - 26.327)/27= 0.025= 2.5% < 5% O.K.

If there is much error ‘when estimation of »,,and points (log%, vz ) on Fig. 2
calculation has to be made again.
From the Equation (10), (q= 0.24 m3/min),
- _ 9 £ __q_ 1428
C(1+A° v, ~T0595" 26327
_0.24 X ‘1.4228
1.501 = 26.327

[24

= 0.00864 m?

From the Equation (11),
u = al'(1+ B/¢, =0.00864 x 1.501/1.4228

=0.00912 m? or 91.2 cm?

The computations of «, g and u are done by computer. The total experimental data
are 136; 36 for furrow irrigation in sandy loam soil texture, 62 for furrow irrigation in
silty loam, 20 for border irrigation in silty loam and 18 for border irrigation in sandy
loam. The values of «,8,u and q are summarized in Table 8 and 9.
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Table 8A Calculated data of a,8 and p based on water
advance run on furrow irrigation (sandy loam)

Intake rate

Cross section

Discharge constants area u
No. (m3/min) [ ~-f {cm?) Description
1 .240 .00864  0.405 91.20 o+ 3, and u in the table
2 .240 .00708 0.554 81.36 are calculated from the
3 .360 .00911 0.518 168.84 equations below:
4 .360 .01060 0.551 104.40
5 .480 .01080  0.441 158.40 /i maqth
6 .480 .00940  0.511 182.40 7
7 .240 .00802  0.501 76.80 pmaf4+BfCo = -
8 .240 .00795  0.460 - 83.20 °
9 .360 .01110 0.576 104.04
10 .360 .00993  0.451 119.88 vhere,
11 .480 .01208 0.519 182.40 ol : intake rate coefficient
12 .480 .01240 0.553 177.60 .
13 .240 .00528  0.615 126.96 f: intake rate power
14 .240 .00522  0.552 125,76 : discharge (m3/min)
15 .180 . .00554  0.408 144.72 . .
16 .180 .00477  0.435 121.50 v; velacity (m/min)
17 .180 .00416 0.398 187.20 M: average water cross
18 .240 .00559  0.579 138.24 section (cm2)
19 .300 .00678  0.520 118.80
20 .300 .00666  0.569 115.20 5=oT (1+B) /u
21 .300 .00564  0.457 147.90 - Z
22 .360 .00652  0.654 142.56
23 .360 .00828 0.674 78.12
24 .360 .00842  0.575 165.96
25 .180 .00560 0.442 109.98
26 .180 .00484 0.510 138.60
27 .180 .00547  0.499 100.08
28 .240 .00557 0.628 89.52
29 .240 .00576  0.571 131.52
30 .240 .00460 0.603 165.65
31 .300 .00634 0.567 125.70
32 .300 .00714  0.566 109.50
33 .300 .00648  0.609 120.60
34 .360 .00748 0.534 186.48
35 .360 .00712  0.596 140.76
36 . 360 .00776  0.620 132.12
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"Table 8B Calculated data of «, § and u based on water advance run of furrow
of furrow irrigation (silty loam)

Cross Cross
Intake rate section Intake rate section
Discharge constants area: Ar Discharge constants area U
No. (m3/min) o -B {cm2) No. (m3/min) o -3 {cm?)
1 .120 .00400 0.501 136.80 32 .240 .00439 0.628 83.04
2 .120 .00383 0.537 105.60 33 .240 .00427 0.601 130.80
3 .120 .00446 0.633 121.20 34 .180 .00392 0.592 80.46
4 .240 .00648 0.531 150.72 35 .180 .00367 0.693 98.28
5 . 240 .00571 0.503 165.12 36 .180 .00360 0.571 95.76
6 .240 .00353 0,833 116.64 37 .120 .00385 0.536 129.60
7 .360 .00762 0.631 197.28 38 .120 .00409 0.596 71.16
8 . 360 .00782 0.563 169.92 39 .120 .00359 0.666 99.00
9 .360 .00695 0.507 255.24 40 .120 .00436 0.545 64.92
10 .120 .00186 0.579 89,40 41 .120 .00144 0.320 160.80
11 .120 .00207 0.561 102.00 42 .120 .00436 0.525 124.80
12 .120 ,00215 0.447 8l.24 43 .180 .00376 0.623 77.22
13 .240 .00354 0.572 121.44 44 .180 .00306 0,742 82.80
14 .240 - .00270 0.316 144.24 45 .180 .00292 0.598 136.26
15 .240 .00337 0.593 92.88 46 .240 .00454 0.609 69.60
16 .360 .00504 0.576 113.76 47 .240 .00461 0.570 92.88
17 .360 .00464 0.566 113.92 48 .240 .00490 0.571 78.48
18 .360 .00340 0.597 168.12 49 .300 .00456 0.758 126.30
19 .120 .00529 0.534 93.84 50 .300 .00531 -0.649 111.60
20 .120 .00732 0.759 103.32 51 .300 .00570 0.712 96,00
21 .120 .00490 0.515 67.32 52 .180 ~00396 0.563 221.40
22 .240 .00880 0.402 139.68 53 .180 .00378 0.675 216.00
23 .240 .00958 0.544 152.40 54 .240 .00523 0.544 144.00
24 .240 .00838 0.647 168.00 55 .240 .00502 0.630 144.00
25 .300 .00696 . 0.250 226,20 56 .240 .00506 0.645 119.28
26 .300 .00855 0.375 198.60 57 .300 .00639 0.569 170.10
27 .300 .00918 0.559 192.30 58 .300 .00792 0.599 171.00
28 .300 .00501 0.686 134.70 59 .300 .00660 0.706 166.80
29 .300 .00528 0.631 119.10 60 .360 .00853 0.529 223.92
30 .300 .00555 0.646 115.8% 61 .360 .00781 0.716 216.00
31 .240 .00432 0.597 1116.88 62 .360 .00868 0.668 196.00
Description: The same with Table 8§ A
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Table 9A Calculated data of a, § and p based on water
advance run on border irrigation (Sandy loam)

Discharge Intake rate constants Water depth .
No. {m3/min/m) o -£ {m) Description
1 0.2856 0.0047 0.570 0.0303 The same with Table §
2 0.2028 0.0070 0.683 0.0203 unitb:: :g;:::;:’and
3 0. 3810 0.0063 0.656 0.0414 water cross section
4 0.2790 0.0061 0.442 0.0156 ::::;i:e;:; Tome
5 0.3660 0.0053 0.376 0.0266 border irrigation.
6 0.2892 0.0078 0.616 0.0327
7 0.3210 0.0084 0.699 0.0338
8 0.3582 0.0093 0.620 0.0275
9 0.3689 0.0055 0.777 0.0363
10 0.3800 0.0070 0.370 0.0251
1 0.3482 0.0056 0.679 0.0243
12 0.2588 0.0080 0.636 0.0181
13 0.2760 0.0091 0.428 0.0221
14 0.2856 0.0053 0.569 0.0260
15 0.1800 0.0043 0.580 0.0149
16 0.1392 0.00S8 0.654 0.0149
17 0.1938 0.0084 0.506 0.0216
18 0.1452 0.0080 0.634 0.0198
Ave. 0.00677 0.583
Table 9B Calculated data of &, § and u based on water advance run
on border irrigation (Silty loam)
Discharge Intake rate constants Water depth
No. _ (m3/min/m) o - {m) Description
1 0.0966 0.0067 0.495 0.0174 The same with Table 8
2 0.1380 0.0071 0.547 0.0169 unitb:: :%;:?:;:e
3 0.1212 0.0075 0.510 0.0138 and water cross
4 0.0696 0.0045 0.541 0.0108 ::;:1::t::':.;:ht::
5 0.1938 0.0066 0.563 0.0218 border irrigation.
6 0.1452 0.0057 0.483 0.0155
7 0.0966 0.0052 0.621 0.0125
8 0.0966 0.0059 0.673 0.0154
9 0.1380 0.0061 0.619 0.0150
10 0.0966 0.0037 0.602 0.0142
11 0.1500 0.0063 0.578 0.0232
12 0.2100 0.0064 0.544 0.0289
13 0.2400 0.0054 0.311 0.0300
14 0.0696 0.0051 0.586 0.0235
15 0.0696 0.0047 0.628 0.0142
16 0.0696 0.0045 0.626 0.0155
17 0.0696 0.0047 0.633 0.0186
18 0.0696 0.0042 0.649 0.0188
19 0.2280 0.0140 0.652 0.0199
20 0.2280 0.0126 0.578 €.0274
Ave. 0.0063 0.572
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(2) Determination of the Normal Equation u= Aq®

The value of u calculated from Tables 8 and 9 is related to the factors of «, gand q.
If it is related todischarge only, the form of u= AqP® is designed. Then, the normal
equation is established and the errors of this equation is assessed with the methods of
least square and linearization. In the course of calculation, the errors of residuals,
standard errors of the coefficients A and B, and 95% confidence limit are considered.
The values of A, B and standard errors in the normal equations are listed as below.

Item AxcA B+ B

Furrow irrigation 179+13 0.27x0.06
Sandy loam

Furrow irrigation 260+40 0.47+0.10
Silty loam

Border irrigation 0.035+0.006 0.30+0.13
Sandy loam

Border irrigation 0.132+0.036 0.95%0.13
Silty loam

Because of simplification, two kinds of soil texture in furrow and border irrigations are
combined in one equation respectively. The constants of A and B are shown as below.

Item A toA B t+B
Furrow irrigation 215 %22 0.37£0.07
Border irrigation 0.062%0.008  0.645 £0.065

If linearization method is used to calculate, the constants are shown as below.

Item A oA BB
Furrow itrigation 226 £0.35 0.38 £0.11
Border irrigation 0.046 £0.011 0.46 £0.13

So, the equation of u related to q are:

Furrow irrigation; uf=0.226g%38 . . .. ... ... ... .. (18)
Border irrigation; ub=0.046q%4¢ .. ...... ... ... . ..., S (19)

The unit of u is square meter in furrow and meter in border, and the unit of q is m3/min
in furrow and m3/min/m in border. »

If the actual figures from the function of discharge q are computated by the
different method, the results are shown as below.
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Furrow irrigation

Discharge
Item Equation 0.1 0.3 0.5
Sandy loam 179q%%7 96.128 129.323 148.448
Silty loam 260q%47 88.099 147.646 187.711
Combined 215q%3%7 91.715 137.712 166.363
(least square
Combined 226q 9-38 94.212 143.026 173.666
(Linearization)
Border irrigation
Discharge
Item Equation 0.1 0.3 0.5
Sandy loam 0.035q%3 0.0175 0.0244 0.0284
Silty loam 0.132q%% 0.0148 0.0421 0.0683
Combined 0.062q%%45 0.0140 0.0285 0.0296
(Least square)
Combined 0.046q%4%  0.0159 0.0264 0.0334

(Linearization)

From the figures above, the combined calculation with the method of linearization
seems to be the most suitable one.

(3) Determination of Normal Equation I;= aTqu and Accumulated Intake Constants
«, and 8,

In the Equation (13) i = at®, a and B are intake rate constants, which are cal-
culated from Tables 8 and 9. Integrating this equation. it becomes an accumulated

intake equation and the constants nn and nn can be calculated as a, = i%- and B=1+38.

From the coefficients « and B above and putting time t, say 10, 20, 30, 40 and 50
minutes, as the function of g, the value of accumulated intake can be got. Using linear-
ization method, the constants at and b 7 in the normal equation It= aTqu are estab-
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lished as follows:

Furrow irrigation

Soil texture Ier * arteay

Sandy loam 1¢10 0.12 £0.02
1;20 0.16 +0.03
130 0.20 £0.04
1;40 0.223£0.046
1:50 0.248+ 0.057

Silty loam ;10 0.082+ 0.020
;20 0.11 £0.03
I;30 0.13 £0.04
1;40 0.15 £0.04
150 0.16 £0.05

*Ifr; Accumulated intake in furrow at certain time

Border irrigation

IbT* at +tearg
1,10 0.045 %0.08
1,20 0.060 *0.011
I, 30 0.072 x0.014
I, 40 0.0815 £0.016
I, 50 0.09 20.02

*IpT; Accumulated intake in border at certain time

Using the principle of matrix, 5 equations in different soil texture of furrow irri-

gation the results are solved-as shown below.
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bt bt

0.81 £0.14
0.77 +£0.17
0.78 £0.18
0.76 +0.19
0.754+ 0.198

0.61 +£0.18
0.61 £0.19
0.61 £0.21
0.60 £0.21
0.60 £0.23

brtebT

0.032+£0.123
0.041+£0.13
0.046+ 0.138
0.049+ 0.15
0.053+0.16



Sandy loam:

@o= 0.04180%87% L. (20)
8= 0.4550 —0.073710gq ... ...... J @
B = 1-8,=~(0.5450+0.0737102Q) ..\ vvvereriereaanaanneannnn. (22)
@ = e Q=B =0.031 (L +8)q% . . oot (23)
Silty loam
@,= 0.031%628 ... e (24)
Bo= 0.4223 00154108 Q. ..o overeinnannnennnn. L (25)
B =1-B.=—(0.5777 +0.0154108 Q). .. ....onvnn... e (26)
@ =a, (1=B)=0031(1+B)q %28, ... . . . . .. i, (27)

For border irrigation, it is shown that in the normal equations above the errors of
index are larger than the value of index itself. It means that intake rate constants are
independent and it is not rleated with discharge q. Therefore, the values of aand 8 are
taken as an average from Table 9; «=0.0065,8=0.5775 and «; =0.0152, 8,=0:4225.

(4) Determination of New Water Advance Distance x and Elapsed Time t

According to the theorem mentioned in article 2 in order to calculate the new water
advance distance * and elapsed time t, the basic figures of u, « and 8 corresponding to
discharge g, have to be provided. From the Equations (18), (22), (23), (26) and (27),
the values of u,o and B are calculated in Table 10 for furrow irrigation: For border
irrigation, the values of o and B are averaged from Table 9 and u is taken from the
Equation (19). They are listed in Table 13,

From the data above, computer is used to calculate ¢». Then assuming t to calculate
£o and F, at last the water advance distance values are obtained. The results of furrow
irrigation in sandy loam and silty loam are shown in Figs. 5A and 5B respectively. For
border irrigation, the results are shown in Fig. 6.




Table 10 Discharge q related to accumulate intake when time

is constant in furrow irrigation (Sandy loam)

No. q If10 Tf20 If30 Ifa0 Ifso
1 .24 0.0572 0.0863 0.110 0.1304 0.1489
2 .24 0.0443 0.0604 0.0724 0.0823 0.0909
3 .36 0.0573 0.0801 0.0974 0.1119 0.1246
4 .36 0.0664 0.0906 0.1087 0.1237 0.1367
5 .48 0.0700 0.1031 0.1293 0.1519 0.1721
6 .48 0.0593 0.0832 0.1014 0.1167 0.1302
7 .24 0.0507 0.0717 0.0873 0.1013 0.1132
8 .24 0.0510 0.0742 0.0924 0.1079 0.1217
9 .36 0.0695 0.0932 0.1107 0.1251 0.1375

10 .36 0.0640 0.0937 0.1170 0.1371 0.1549

11 .48 0.0760 0.1061 0.1289 0.1481 0.1649

12 .48 0.0776 0.1058 0.1269 0.1443 0.1594

13 .24 0.0333 0.0435 0.0508 0.0568 0.0618

14 .24 0.0327 0.0446 0.0535 0.0608 0.0672

15 .18 0.0366 0.0551 0.0701 0.0831 0.0948

16 .18 0.0310 0.0459 0.0577 0.0679 0.0770
17 .18 0.0276 0.0419 0.0535 0.0637 0.0728

18 .24 0.0350 0.0469 0.0556 0.0627 0.0689

19 .30 0.0427 0.0595 0.0723 0.0830 0.0924

20 .30 0.0417 0.0565 0.0669 0.0758 0.0834

21 .30 0.0363 0.0528 0.0659 0.0770 0.0869

22 .36 0.0418 0.0531 0.0611 0.0675 0.0729

23 .36 0.0538 0.0674 0.0770 0.0845 0.0909

24 .36 0.0527 0.0708 0.0841 0.0950 0.1045

25 .18 0.0363 0.0634 0.0670 0.0786 0.0890

26 .18 0.0305 0.0429 0.0523 0.0602 0.0672

27 .18 0.0346 0.0490 0.0600 0.0693 0.0775

28 .24 0.0353 0.0456 0.0531 0.0591 0.0642

29 .24 0.0361 0.0485 0.0578 0.0654 0.0719

30 .24 0.0289 0.0381 0.0447 0.0501 0.0548

31 .30 0.0397 0.0536 0.0639 0.0723 0.0800

32 .30 0.0447 0.0604 0.0720 0.0816 0.0899

33 .30 0.0408 0.0535 0.0627 0.0701 0.0765

34 .36 0.0469 0.0648 0.0783 0.0896 0.0994

3s .36 0.0446 0.0592 0.0699 0.0782 0.0856

36 .36 0.0490 0.0637 0.0744 0.0830 0.0903

Note: g : discharge (m3/min)

If: accumulated intake in furrow (m2)

10, 20, 30 .
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Table 10 Discharge q related to accumulate intake when time
is constant in furrow irrigation (Silty loam)

No. g If10 If20 1£30 Ifq0 I£50 No. g If10 1f£20 If30 If40 Ifs0
1 .12 0.0253 0.0357 0.0438 0.0505 0.0565 32 .24 0.0278 0.0360 0.0418 0.0465 0.0506
2 .12 0.0240 0.0331 0.0400 0.0456 0.0506 33 .24 0.0268 0.0354 0.0416 0.0466 0.0510
3 .12 0.0283 0.0365 0.0423 0.0471 0.0511 34 .18 0.0245 0.0326 0.0385 0.0433 0.0474
4q .24 0.04Q7 0.0563 0.0681 0.0779 0.0865 35 .18 0.0242 0.0300 0.0340 0.0371 0.0397
5 .24 0.0361 0.0509 0.0623 0.0719 0.0803 36 .18 0.0225 0.0303 0.0361 0.0408 0.0449
6 .24 0.0310 0.0349 0.0373 0.0391 0.0406 37 .12 0.0242 0.0333 0.0402 0.0460 0.0510
7 .36 0.0483 0.0624 0.0724 0.0806 0.0875 38 .12 0.0257 0.0340 0.0400 0.0449 0.0492
8 .36 0.0489 0.0663 0.0791 0.0897 0.0989 39 .12 0.0232 0.0292 0.0330 0.0368 0.0397
9 .36 0.0438 0.06173 0.0754 0.0869 0.0970 40 .12 0.0273 0.0374 0.0450 0.0513 0.0568
10 .12 0.0116 0.0156 0.0185 0.0209 0.0229 41 .12 0.0101 0.0162 0.0213 0.0260 0.0303
11 .12 0.0130 0.0176 0.0210 0.0238 0.0263 42 .12 0.0274 0.0381 0.0461 0.0529 0.0589
12 .12 0.0139 0.0204 0.0255 0.0299 0.0338 43 .18 0.0238 0.0309 0.0360 0.0404 0.0439
13 .24 0.0221 0.0298 0.0355 0.0401 0.0441 44 .18 0.0222 0.0265 0.0294 0.0326 0.0354
14 .24 0.0191 0.0306 0.0404 0.0492 0.0573 45 .18 0.0183 0.0242 0.0285 0.0320 0.0350
15 .24 0.0211 0.0280 0.0331 0.0372 0.0407 46 .24 0.0286 0.0375 0.0439 0.0491 0.0536
16 .36 0.0316 0.0423 0.0503 0.0568 0.0624 47 .24 0.0289 0.0389 0.0463 0.0524 0.0576
17 .36 0.0290 0.0392 0.0468 0.0530 0.0584 48 .24 0.0307 0.0413 0.0491 0.0556 0.0612
18 .36 0.0213 0.0282 0.0332 0.0373 0.0408 49 .30 0.0328 0.0389 0.0429 0.0460 0.0486
19 .12 0.0332 0.0459 0.0554 0.0633 0.0703 S50 .30 0.0339 0.0433 0.0499 0.0552 0.0597
20 .12 0.0529 0.0625 0.0689 0.0739 0.0780 51 .30 0.0384 0.0469 0.0527 0.0573 0.0611
21 .12 0.0309 0.0432 0.0526 0.0605 0.0674 52 .18 0.0248 0.0335 0.0400 0.0454 0.0501
22 .24 0.0583 0.0883 0.1125 0.1336 0.1527 53 .18 0.0246 0.0308 0.0351 0.0386 0.0415
23 .24 0.0600 - 0.0824 0.0991 0.1129 0.1251 54 .24 0.0328 0.0450 0.0541 0.0617 0.0683
24 .24 0.0535 0.0683 0.0789 0.0873 0.0945 55 .24 0.0318 0.0411 0.0478 0,0531 0.0577
25 .30 0.0522 0.0878 0.1170 0.1476 0.1745 56 .24 0.0322 0.0413 0.0477 0.0528 0.0572
26 .30 0.0577 0.0890 0.1146 0.1372 0.1577 57 .30 0.0400 0.0539 0.0642 0.0727 0.0800
27 .30 0.0575 0.0780 0.0933 0.1059 0.1169 58 .30 0.0497 0.0657 0.0773 0.0867 0.0948
28 .30 0.0329 0.0408 0.0464 0.0508 0.0545 59 .30 0.0442 0.0542° 0.0610 0.0664 0.0709
29 .30 0.0335 0.0432 0.0502 0.0558 0.0606 60 .36 0.0536 0.0742 0.0899. 0.1029 0.1143
30 .30 0.0354 0.0453 0.0522 0.0579 0.0626 61 .36 0.0529 0.0644 0.0722 0.0784 0.0835
31 .24 0.0271 0.0359 0.0422 0.0474 0.0519 62 .36 0.0562 0.0707 0.0809 0.0890 0.0958
Note: q : discharge (m3/min), If: accumulated intake in furrow (m2).

10, 20, 30 ... are intake time (min).



Table 11 Discharge q related to accumulate intake when

time is constant in border irrigation
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No. q Iblo In20 In3o Ib40 Ib50
1 0.2856 0.0294 0.0396 0.0472 0.0534 0.0588
2 0.2928 0.0458 0.0571 0.0649 0.0711 0.0763
3 0;3810 0.0404 0.0513 0.0590 0.0651 0.0703
4 0.2790 0.0395 0.0582 0.0729 0.0856 0.0970
5 0.3660 0.0357 0.0551 0.0709 0.0849 0.0976
6 0.2892 0.0492 0.0642 0.0750 0.0837 0.0912
7 0,3210 0.0558 0.0688 0.0777 0.0847 0.0906
8 0.3582 0.0587 0.0764 0.0891 0.0994 0.1082
9 0.3689 0.0412 0.0481 0.0527 0.0561 0.0590
10 0.3800 0.0474 0.0734 0.0947 0.1135 0.1306
11 0.3482 0.0365 0.0456 0.0520 0.0570 0.0612
12 0.2588 0.0508 0.0654 0.0758 0.0842 0.0913
13 0.2760 0.0594 0.0883 0.1113 0.1312 0.1491
14 0.2856 0.0332 0.0447 0.0533 0.0603 0.0664
15 0.1800 0.0269 0.0360 0.0427 0.0482 0.0529
16 0.1392 0.0372 0.0473 0.0544 0.0601 0.0649
17 0.1938 0.0530 0.0747 0.0913 0.1052 0.1174
18 0.1452 0.0508 0.0654 0.0759 0.0843 0.0915

Table 12 Basic data for calculating water advance run
distance and time in furrow irrigation
Sandy loam Silty loam

(m3/min) _A - .. B
0.10 0.0094 0.0029 0.471 0.0032 0.562
0.12 0.0101 0.0034 0.477 0.0036 0.564
0.18 0.0118 0.0047 0.490 0.0046 0.566
0.20 0.0123 0.0051 0.493 0.0049 0.567
0.24 0.0131 0.0060 0.499 0.0055 0.568
0.30 0.0143 ‘0.0072 0.506 0.0063 0.570
0.36 0.0153 0.0083 0.512 0.0070 0.571
0.40 0.0160 0.0090 0.516 0.0075 0.572
0.48 0.0171 0.0105 0.521 0.0083 0.573
0.50 0.0173 0.0108 0.523 0.0086 0.573
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In case that the calculated data of water advance run are plotted into experimental
data, the examples of furrow irrigation in sandy loam and silty loam are shown in Figs.
7A and 7B respectively. They show a very good result. For border irrigation, the cal-
culated results are not exact discharge as compared with experimental data. An approxi-
mate discharge is compared in Fig. 8.

(5) Calculation of Accumulated Intake in Soil Layer and Water Surface Profile at the
End of Irrigation

After getting the data of water advance run on x and t, the intake time t; at the
certain distance can be calculated from the advance curves in Figs. 5 and 6.Then using
the Equation I= a,t,8. to calculate the accumulated intake at certain distance of furrow
and border irrigation, the calculation is shown in Table 14. When q = 0.3, the ac-
cumulated intake curve are shown in Figs. 9 and 10.

5. Discussion and Conclusion

As for the theory of this study, the principle of continuity equation is adopted to
set the equations for analysis.

The basic data are taken from 136 field experiments in sandy loam and silty loam
soils in this study; 98 experiments in furrow irrigation and 38 in border irrigation. The
soil moistures are controlled at 50% of available moisture before carrying out experi-
ments. Experimental fields are planted with sweet potato (furrow) or corn (border) and
rotated with paddy rice. The average slope is about 0.2%. The data of water advance run
and discharge are observed during the experiment.

Based on the theorem and the experimental data, intake rate constants «,8 and water
cross section u are calculated by cut and try method. Then the relation of water cross
section u corresponding to discharge q are set up, and a normal equation as the form
pu= AqB is established such as A= 226%35, B= 0.38+0.11 for furrow irrigation and A=
0.046+0.011, B= 0.46+0.13 for border. Putting intake time as constant, say 10, 20, 30,
40 and 50 minute, in order to calculate accumulated intake related to discharge, a set of
normal equation It =ay qu are established. Matrix principal is used to solve a set of
normal equations in different irrigation method and soil texture. The constants of «,
and B, in furrow irrigation is established.

Sandy loam; a,= 0.0418q%%7
B.=0.4550 - 0.0737 log q

Silty loam; .a,=0.031q%628
Bo=0.4223 -0.01541og q

However, in border irrigation the error is very large. It means that the intake rate

constants are independent and not related with discharge. The intake rate can be cal-
culated from the initial « and § such as «,=0.0514 and B,= 0.4225.
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Table 14 Accumulated intake calculation when q=0.3

Furrow Border
X SaL, olo= 0.0146, {»= 0.494 SiL, Oh= 0.0147, (4= 0.430 of = 0.0154, Pe= 0.4225
(m) t (min) ti (min) If (cm?) t (min) ti {(min) If (cm?) t (min) ti (min) Ib (m)
10 1.0 49.0 0.0998 1.0 48.7 0.0782 1.5 48.0 0.0790
20 1.5 48.5 0.0993 1.8 47.9 0.0776 3.5 46.0 0.0776
30 3.0 47.0 0.0978 3.8 45.9 0.0762 5.0 44.0 0.0762
40 5.0 45,0 0.0957 4.7 45.0 0.0755 7.0 42.5 0.0751
50 7.0 43.0 0.0936 6.7 43.0 0.0741 8.4 41.1 0.0740
60 9.3 40.7 0.0911 8.3 41.4 0.0729 12.0 37.5 0.0712
70 12.0 38.0 0.0881 10.5 39.2 0.0712 14.5 35.0 0.0692
80 14.7 35.3 0.0849 12.7 37.0 0.0694 17.4 32.1 0.0667
90 17.7 32.3 6.0813 15.0 34.7 0.0676 20.3 29.2 0.0641
100 21.3 28.7 0.0767 17.5 32.2 0.0654 23.5 26.0 0.0610
110 25.0 25.0 0.0716 20.3 29.4 0.0629 26.8 22.7 0.0576
120 29.0 21.0 0.0657 23.0 26.7 0.0604 30.5 19.0 0.0534
130 33.0 17.0 0.0592 26.0 23.7 0.0573 34.0 15.5 0.0490
140 37.5 12.5 0.0508 29.0 20.7 0.0541 37.5 12.0 0.0440
150 42.3 7.7 0.0400 32.3 17.4 0.0502 41.5 8.0 0.0371
160 47.7 2.3 0.0220 35.5 14.2 0.0460 45.5 4.0 0.0277
165 50.0 0 0 - - - - - -
170 39.0 10.7 0.041 49.5 0 o
180 42.5 7.2 0.034
190 46.0 3.7 0.026
200 49.7 0 0
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During the data analysis, the errors of residuals, standard error and 95% confidence

limit are assessed by using the method of least square.

Using the analyzed data above, water advance distance * and elapsed time t are

calculated with discharges from 0.1 m3/min to 0.5m3/min both in furrow and border
irrigation as shwon in Figs. 5 and 6 respectively. Plotting x and t together with experi-
mental data, they show the reasonable results.

From the advance curves, accumulated time t; can be found. Using the Equation

[= a,tBo to calculate accumulated intake the results are plotted on Figs. 9 and

10.

1.

2,

The discussion on the conclusion of this study is described as follows:
(1) The intake rate isa very important factor for surface irrigation, Irrigators usually
use cylinder or ponding or inflow-outflow method for measuring intake rate, which
is spot méasurement. If the method introduced in this st1_1dy is used to calculate
intake rate constants from water advance data, the results can be applied to the
field. It is sure that the e acouracy is.much, j;;;gbpr than that of the existing methods.
(2) If the original data taken from field expenment in this study are accurate, the
reasonable results can be got through this analysis, because this calculation is very
accurate from the field operation point of view.
(3) The original data of this study seems to be fairly good, because the experimental
worker had done the experiments very carefully for making the discharge measure-
ment, For example, one discharge keeper checked the Parshall flume discharge all
the time during experiment. But the natural conditions on roughness of ground
surface, nonuniform slope, narrow water entrance of border, etc. might cause some
errors during experiment.
(4) The experiments were done in the field of upland crops rotated with paddy rice,
so the results will be used in this kind of field only, because there are some special
characteristics in this kind of field.
(5) Since modern irrigation equipments such as sprinkler and drip are developed in
recent years, surface irrigation method seems to be out of date. Most of countries do
not use the surface irrigation method and the researcher is also very few in the
world. The surface irrigation method is still used especially in the field of upland
crops rotated with paddy rice. So, the author emphasizes that the research work on
surface irrigation is still very important in the future.
(6) Following this study, the author hopes that more detailed study will be made
putting emphasis on the following points in the future.

(A) Soil moisture movement phenomenon in soil layer after irrigation.

(B) Discussion on irrigation efficiencies after irrigation.

(C) Cut back methods can be studied in different conditions of fields or soils.
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