In which_

¢

.

h

-

Coefficient of discharge

.Width of weir ( = 0.40 m)

Over flow depth

{Table-2)

h Q
0.10 0.022
0.1 0.026
0.12 0.029
-~ 0.13 0.033
0.15 0.040
(fig-5)
1 0.04
(m3/s)
_ —
QO 4:H c$rve .
] / [
Y/
/
0.03 f///
1
Wi
1
i
1]
)
§
1
i
|
) i
I
_ X
g.02-1 t
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- Water requirement according to the design eriteria

1) . Water supply capacity by hour * :

(£ig-6)

1 T 7 777 777 '_e?/water' quantity
ool 3 S SN ST ESNS SRS 557/ I MU
. 700 —

10 4500 _
' 4 _ 43
1400 ' /}
Jaoo 0t 1 A
5 e

_ _ 216 / /
4200 /I‘/
1. A 2.75 :
1100 108 L A ‘

/ Depth of water at No.7

)
=
Q
oV

s
]

12 3 4 5§ 7 8 9 10 hr.
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respeotlvely

o)

.In order to- record Lhe water range and the depLh of floodjng water by
the hour, ?1 stakes Were dr1ven

in at the plot No.6 and No. 7

Checklng the flr

st stage consumptlve use of water
(Pre- 1rr1qatlon for ploW1ng) '

P Preparatory water is estlmated at’ 30 mm in the detalled 6951gn

Time to be supp1led to an experlmcntal plot can be calculated
as’ shown below

. -~ 30 3
) ; =
,850 % 7600 235.5 m
235.5 ~ 30 1/s = 2 10' 50
.in-Which :
écféage'of a plot = 7,850 m?
preparatory water in meter = 30
S 1,000
Tesﬁ.discharge from the farm inlet "= 30 1/m

:- Investigation Result

i}  Experimental plot No.i1 (plot No.6) ._
- 30 mm of scheduled pfeporatory water could cover
only 27 % of the acreage of the plot.
(2,125 m" /7,850 x 100 = 27 %)

s

- It can be concluded that 30 mm of preparatory

water is not enough.

ii) Ekperimental plet No.2 (No.?)
= 36 mm of scheduled preparatory water cculd cover
only 34 % of the acreage of the plot.
(2,680 m°/7,850 m” x 100 = 34 %)

- Conclusion : not enough.
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supplied from

vi) Prepérgtiéns.at the fiélﬁ':'

Assumed BiM

check ‘structure

'Irrigatidnfditch

Measuring stake

flow . EL % 20.00 . < \
ey R T ¥
¥ o3 o2 01.’ 03 o2 91_-‘
R ' 400"
o Farm Inlets #
m- . 400
Y
— 06 05 @4 06 05 o
measuring stake'
O
N
(3]
v ©9? 08 - T 09 o8 o7
b {(No.7) (No.6) -
™~ Experimental plot No.2 |Bxperimental plot No.1
o ~¥- 2 011 010 ©iz o1
-
0 .
— ol
w
o~
¥ @15 014 o3 15 014 @3
<
L
™
- Q18 @17 . l6 o018 017 @6
ol.
Rt B
VOS] 9 020 019 ©21 .020 019
: T 0.015.0_ [15.0_Ji0.0
T 5000 . 50.0
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k-3 p.m..Feb_1

5~~~ 4 p.m. Feb,l

157.0

2 206 ¥ 27 z'é
I ISR IS ?

Ts.2) . 1)

.Experimental plot

Cwvi) _Range of irrigation watér by the hour

F; - . % SOTQ“;1

- Flow
Feb.1
Feb.1
Feb.2
Feb.2
o .
s Feb.2
w
Feb.2
-~-13 p.m. Peb.2
7 hrs ; ' ——14 p.m. Feb 2
2 ¢ .
! - . w2 =2 L——14:30 p.m. Feb.2
75 DRo.2) - (No.1)
Experimental plof
Note '-::; Régéfdlng the 1nvestlgat:|on at the experlmental plot No.t

. - Cwing to the starting time, the supply of water was Stopped o
"at 4 p.m Feb.1 and begun at 8 a.m the next day

After starting, it took about one hour for the water to

reach the éaturation line.
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100

Rangeg of water

RelaLlon betWeen Ranqe of Water and Tlme ' o
' SR 100 ‘*0;'_,

 34*h?*;*ff%Tf7f77/f' /-
- NS f5{fgﬁ{7 .

()__;__{):Egpérimehtal”blat_No.f.(plowed field)

&- ”‘" Experlmental plot’ No.2 (unplowed
field)

Cowid)

viii)

5 & 7 8 Irrigation hours

As I mentioned before and as a picture shows, experimental plot

"Mo.1 had already peen plowed so that it took one houf longef than

plot No.2.

Hours. and quantity of irrigation water required to cover a plot

completely. _
Plot 1 Hours : . B.S
. Quantity _ : 918 m3.;..116.9 mm
(8.5 hr x 30 L/sec) |
Plot‘Z Hours - SR 7.5
_Quantity 810 m3,.,.103.2 -

Hbuféfaﬁd quantlty of 1rr1gatlon water sufflclent for puddling

plot 1  Hours ° | : 10.0 _
' Quantity. . 1,080 m0....137.6 mm
' Plot 2 | Hours 2 10,0
G ; Quantity. .- 1,080 m3....137.6 m -
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'1‘_h_ese values seem to be the same as plot 6 but plot No.2

_has nét been plowed so that some dépth of surface nceds

more water for puddling.,

Su:'f.fic fent water for pudal in(j
Hours 120
: 3

teaesas 10501 mm

Quantity i1,296
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Plot 2
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: ik)]yThe condition cha

- Supplied water analysis -

= Irrigation test

‘Plot 1

T ist started 1490 Feb.1,1983

- stopped

16:00

~ditto-

2nd  started - g.00 Feb.2;1983

1.«1_-3{}

nge of §E§~Erpigated water at the plot

t day after irrigation

285

ended ~ditto-
Stake NO-"Spcﬁ*héigﬁfwﬁ7§$5:ﬂ:DDra.m Feb.3 ——%rTé;oo;i3;ab Féb,? B
- “FTSBEEﬁg EL.of water Flooding Eﬁ of water |
dgpth {m)| surface depthfm)' 'éurface
1 19.484 0.050° 19.534 0,025 19.509 )
2 19.493 0.041 19,534 0.015 19.508
3 19.529 0.005 19.534 0.018 19.547
4. 19.446 0101 19.547 D.077 19.523
S 19,475 0.061 19.536 0.037 . 19.512
s ' 19.480 0.05% 19.535 0.032 19.5612
7 19.502 0.032 19.534 0.008 19.510
8 19,465 0.073 19.538 0.050 ©19.515
9 15.445 0.095 19.540 0.071 19.516
10 '19;47¢ 0.063 19.533 0.038 19.508
e 19.460 0.075 19.535 0.054 19.514
12 19.467 0.074 19,541 0.053 19.520
13° | 19.480 0.051 19.531 0.027 19.507
14 19.455 0.085 19.540 0.057 19.512
15 19.405 0.127 19.532 0.104 19.509
Ave. | 19.470 0.066 19.536 0.044 19.514
Stakes No.16—21.: Leveling had not begen done yet.
. Covering area by the staks Ng.1-15 assuned as follows
| 50 m {width) x 115.5 m:{length) = 5,775 m?
Total acreage of plot No.l = 7,850 mz
Quantity of flooding water:
' 9.066 % 5,755 = 381 m°



Total quantity Qf.watef,suppliéd to-plotiwd.1
| .1d-hré P 30-i/éec T:: 1;083_m3~ | o
'Allc¢étedxquantify.of'Qatérisupplied téfthE'Cdvérihg.aréa by stake
. Nos;l;j5;r. R __‘“_ B AR
L0680 x 5;775”h2/7{aéd'mzf;fj95jm31'__  _
.Séturatéd watéficaﬁéciﬁy éftér”abouﬁ'é'ﬁéﬁré.
-igi—ieiél,lx-rdo":; Sé:% | | |
ey T T
:m':4:dafs afﬁéf%irfightibh;ﬁ
Qdahﬁity of flgéding Water i '
: O;dA@,x'5;7{5 j=7'2541m3._ o .
) .éafufafed Qatéf capadity for about.4 days
795 - 254 | ' ' |

100 = 60 %
795 * -

_Relation between Duration and Demenor. of waler
Block No'1
.6 m/m)

P_~*

-~

D
[
=]

w

—

981

~

3
Amy

N

=]
N

~,

N

N,

\»

o
.

ONN
RN

h NN "‘ﬁ. RS

S
\\:,
\_‘, .
~

\\

standing”watér . staﬁdiﬁgﬂwatér
. ™m s N ) :
(66m{ ) A m/m,

B

N

Py 48 % 32 % (44 )
. 2/4?/ )u4-’, | -
SQO gf;//-“ JPhe Increased for 3 davs
l.l -- A L—”'-” 27 m/m...

1
.,
Y

S

B B Do
]Eyaporation and

~.,

‘Quantity of Supplied water

N,

.,

S

Ipercolation

52 % (71:6 m/m)

68 % (93.6 m/m)

=

I T T T R e R,

oy

]
I
i
P
t

e
AR
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.lilot_ 2 : s'fc'a;rt;_ed_ 9:20 .1'7(—31).3, 1983

onded  16:50 . qitte
.étak?‘N?. Spotwhéight _ wij~—_q.__h:2;00.# IBEOb b.m‘ Feb.8 .
- : ‘"U ~_¥Hriigffff%ﬁffffiuiﬂihr EL of water surface
1 19.534 - 0.003 19.538
2 19541 0 0..009 19.550
-3 19.510 0.029 19.540
4. 19.500 ~ 0.048 ©19.548
5 119.505 0.039 19.544
6 19.505 0.033 19.538
7. 19.527 - 0.020 ' 19.547
8 19.525 | 0.014 . 19.539
9 19.535 0.008 19.543
10 19.505 J.036 . 19,5471
11 19517 0.022 1 19.539
12 19.472 0.012 19.484
13 19.515 0.019 19.534
14 19.482 0.054 19536
15 19.500 0.040 19540
16 19.484 £.046 ’ 19.530
17 19.464 0.070 ' 19.534
18 '19.450 0.082 19.582
19 19.440° 0.084 19.528
20 19.442 0.087 19.529
21 19.457 0.069 - 19.526
ave. | 19.496 0.041 19.537

Total acreége of plot 2 = 7.850
Quantity of flooding water:
0.041 x 7.850 = 322 m3

Total quantity of water supplied to plot No.2
3
12 hrs. x 30 l/sec = 1.296 m
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Saturated water capacity after about. S days

1,29 - 322 Yoo = 75 %
1596 ¢ ,

Block N0.2

4 1296 0 (165.1 mm) -
{ ] il ',//' . : .
|+ / _.'"'__,

Supplied water /] standing water

25 % (41 m/m)

~,
R

RN

.

SN
s, \\. \::\“ ’
™~

1609

—

P 0
\_\\\\_\\: .
NN S,
" i
NN
L\

Y

S

| Evaporation and

{

O\
N
AN
A

{ L
jPercolation and .-
Iwater absorption by.
! . . :

‘Istraws -

Quantity of Supplied water
\\::5\”\: =
\x;xlmj'”

75 % (124.1 mm)

,
bl
-

500

NN

L . L.
NN
?\uthﬁSSES;ﬁ\

o

!
I
1
!
:
|
|
|
|
{
[
{
!
{
{

i

l.#.:Réfer'tb the climatolbgiéal data for the period

}95ini31970 in KanChanéburi
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Station KANCHANABURL
Index station 4B 450

CLIMATOLOGICAL, DA

~Blevation

‘Latitude 14 01'N, _ :::;‘J:\: of barometer above MSL. 29.39 nieters

Longitude 99 32'm, H-_‘JI: of tl}ermomet:er above ground’ 1.20 jieters |
_ e He_}qht- of wind vane above ground 11.40 neters -

LRt of raingauge ©0.64 meters
NS AR VAN P Wi et e e
B an.j Peb. | May, Apr, bfay Jun. [ Jul.| Aug, sep.| Oct. |Nov. | bec. [Year
pressura (+100cr90n ' —
T S mbsiT IR P R
Bt ek 122'2: 1.65[10.04{08.95107. 49107 :42}07 18107 1307 8110 5411, 4003 3600 981
sx_t. Max. 2 +34122.15119.77120.18(14 .53{15. 76 14,25[14.38[15.0318.02(21,37[23 .62 (24,34
b _--:'_“’“,‘i _ 3-71103.50101.6201.60/99.,37101.80/99,95{00. 26|98 .50(0 2 56{06..11]05 .60 96 . 50|
- Mean daily range} 5.29) 5.63} 5.91{ 5,76} 4,99] 4.06| 3.93 3.98| 4.53) 4.64| 4.68| 4.81] 4.85
temperature{ C.) I o | e
‘tean .. 24.9 127.6 130.0.131.2 130.0 [29.0 |28.5 28.4 [28.0 [27.0 |25.8 [p4.3 [27.9
Mean . Max. 32.4 [34.8 [36.9 37.8 135.4 [33.6 {32.9 [32.7 {32.4 [31.2 {30.9 {30.8 [33.5
Mean Min. . - Y7.5 120.4 122.8 194.7 (24.9 [24.5 [24.0 [24.0 [23.7 [22.9 |20.8 t7:9 l22.3
EXt. Max. 37.2 14020 141.7 43,5 [41.6 [38.4 |{37.8 |37.5 {37.6 137.3 |37.5 135.3 |43.5
Ext. Min.. 9.5 H2.8 11,0 7.2 121.9 [22.0 [20.8 [21.5 [20.8 [i8.9 [12.0 | 9.0 5.5
Relative Humidity : .

' %) . _ S .
Mean - 618 160.1 156.3 {58.7 170.0 |72.1 173 1 [13.9 {717.0 {19.5 {74.5 |68.5 le8.8
Mean Max. {87.8/[85.8 [82.1 83.0 |87.5 [87.9 {BB.8 189.4 [91.4 [93.2 |o1.8 [90.1 |ug. 2"
Mean Min. 41.8 140.2 |36.1 {39.0 |S3.1 [57.8 {58.6 [58.9 [61.8 [55.3 {58.9 |40.9 I51.8
Ext. Min. 1.0 16,0 314.0 7.0 {24.0 132.0 |34.0 [35.0 {36.0 3.0 |32.0 [21.0 11.0

Dew. Point({ ©) _ o
Hean - 17.3 19.1 119.9 1.7 123.5 [23.1.123.0 |22.9 |23.2 23.2 [21.1 |18.2 21.4
tvaporation (mm) :
Mean~Piche 104.21109.9}143.0{138.5{101.3{93 6 |81.6 l83.5 l66.8 |s7.3 167.8 [82.1 |30.2
~pan Np obsdrvatipn
cloudiness (0-8) .
_ Mean o 3.3) 3.57 3.6] 4.4 5.8/6.616.8]6.96.7|5.8)4.5]13.6/]5.1
Visibility (Km.) ' e - .
6760 L.S.T. 4.9 4.3 s5.4f 7.8/ 9. .2l 9.519.0 8.6 |80 7.0]86.3] 7.6
Mean - 8.3 7.1 7.3 9.5 11, .ol1n.e J10.7 }10.4 16.1 [i0.3 | 9.5 | 9.8
#ind (Knots) _ : . =
Prevailing wind NE.{ SE | - u W W Wlw U Ww | w NE NE -
Mean Wind Speed 3.3 3,80 4.2) 4.6 2.4] 4.6l a5{50f309l3.4)3 5] a0 -
Max. Wind Speed |25ENE| 25SEj 33S | 50SE[33E,%| 33w [555W |40Nw J40W [30W PINE {30N -
Rainfall (mm} , : . ; ' g
Mean 2.7{ 21,8 26.8] 72.7}153.5] 91.0{107.1{100.4]235.6[236 .0 60.7| 8.6[1116.,
Mean rainy days 1.0 2.1t 3.4] s.20 14,0l 13,10 15.9] 16.9] 18.7| 15.3] 5.0 1.212’)3.%
Greatest in 24 16.4] 82.0) 45.8) 72,1} 95.4} 70.8] 64.7} 73.9]104.50162.8317.6 49. .
. hr. : , ) . . i
‘ Day/Year 10/65{14/70] 7/65{30/58] 4/63]28/58/23/5728/54|21/7012/70] 3/6921/66|12/70
N , - “ L . : ) ]
“mﬁiﬁ of faye Wi 2351 25.1] 26.90 15.5] 6.3] 3.6] 3.4 3.7 3.1 5.9 10.0| 16.0{143.0

© i B I ' : : 2 3.3} 3.5} 31.8

6.50 2.2 2.0] 2.0f o.s] 0.9 1.2] 1.4 2. . . .
Fog 6.1 6. ' ‘0.0 0.0 o.o| 0.0 o.6
i .0l 0.2l 0.1} 0.0 ©.o 0. 0.3 . . . . .
Hail 0.0 . : i 5 g.2| 7.4 1.5 0.4 62.50
1.9t 4.9l 9.7l 1209 4.9 6.3 5.0 . . .5 0. .
Thunderstorm 0.2 - g.1 0.2 o.1] 0.2 0.0 ov.of 0.0} 1.4
Squall o.ol o.1 o.q 0.6 0.1 0. . . . .
b

TA FOR TIE pRRIOD 195149"70‘. :

of station above MSL. - 28,00 mcters
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: Lo 1{;;;2;?:{ _::f1i Cn 200 e

" %) 'Softenihé of soil after irrithibh.

" As. has been con51qtently shown, tth klnd of 5011 bacomes very
wsoft after lrrlgdtlon H R ' L
1 con51dercd that checklng how deep the 5011 “becomes sofi wasg"
important for plowxng and for machlneq o ' '
S50 L. meaeured the: 6epth where the hard Tayer ‘was by u31ng a
plast1c 1ulor, strlklng fhe ruler threejc: four tlmes_;ntoh
the SOIl Wth my riqht hand A |

The ruler whlch was used to sound rhe hard 1ayer

Thickness S mm .

Wi I“'“um i nqm"unpmwnv i

'2' 23 24 95 26 27 829

b
l

r |

Jr———

Survey date : Feb.3, 1983 8 hrs. after irrigation

o Flow

50.0 4. 500

3 z 1 ]
1240 {16 %) (9.9

f oy o4 N/
(4.} (12,9 (1b.1) /',7/

/] J/(/Surface of water

G & 7 Z it
oy (R0 ‘ ’ v o . )
.{ S ‘Surface of field
B . —_— b T
: O . ’ . -I:Z |.| _,b h . ; Sy
cE - © i) Ay U tem) - {very soft) -

O TR ¥ B
({IN d} {15.3) sz e
"h* 15 shown in brackeis
21.0) (lol)f!l 4} ' ) :

e ,E average depth : 17.5 cm,

. (mn{ ‘z)t,lo)

(w5.2) o (oL
s Fxperlmental plot
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Survey“dafe':'Feb.7

LMJ_QBM_,;P ~50.0

LR S

. ¥ .
b 5 4
NEW Ay g

L) » ’

9 8 7
U437 (16,23 1.8
< v e 3
- Az o
w e e d) (12,47
15 1413
Ty (190531190
SN IE R
18...17 16
) 47 27 (0.5
O 21020 19
(No. 2} {No.1)
Experimental plot
Average depth : 13.8 cm
Plot 2.
| 50.0 500}
RN I
: 2 ]
{07 1 a5, 04 4
6 5 4 |
a4.2; (e e
1% 8 71}
(1593 HSH&U?PJ'
o Lai e ... :
e 12717 10
wl oY) f2a,83 s
15 12 13
(16.71 (44 91 £19.%;
(i9.4) (21.0; U5;OJ_
1B 17 6
(13.35 te¥pfid g
- 21 20 19
¥ L b 7
(No.2) {(No.1}

Experimental Plot

[~

5 days after irfigation

‘his trial may not be scientific.
but I believe that the géneral.

condition. can be grasped.

Refer to the results of fhe

cone-penelration test.

Survey date : Feb.8

5 days after irrigation

Average depth 17.9 cm.



xi) Change of woisture ratio’ in course of: time

Afﬁerberg,Limifé' _ : s
Lo . P.L P LK (i;m_/se_c)=
9.2 . 0 26.8. . 12.4 ©0.312 % 1070

Plot No.2
'Stake'No.S

. Q=e—e—e()' - Before ‘irrigation

O— —=-0 3 days later

: .1
'(K . . _ .}_Stake N§ 0
40 o B —t %
N - S 50L 4
30 . B —t — . I &

d

o
e
K=

4~

204

. y»”’;£ D

Moisture ratio

a3
2
L~

Pp— = —4

N
o

Moisture ratio
e
71
.
o
L

Surfaée -15 -30 =45 o©om

—_
[

Stake No.17

Surface —15 3 A%

o
@

40

10 - \f

Meisture ratio

20 : : | Ca 0\44‘9 :
: . N

10 s -
- cf/// |

30 - 302 o
- <2513 2%.
5.8 03.4 =p—~9
1h.4

surface -15 =30 -45
Stake No:.i12 :

20T

" Moisture ratic

.a\o'.

10 : ;%

Surface . -15° =30 -45

Average increased

water moisture ratio

17.225 %

T Moistuxe ratio . i
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1= Test for woisture content of soils

i) sampling.
i) “Sampling

“iii) Remarks

pPlace

point

W=

Moisture ratio =

T~ Plot 'No.2 in the Trial Farm
= Stake No.5, No.10, No.12, No.17

ma - mb x 100 (%)
) mh - mc
Ma = Weight of humid.sdil blus containef
Mb = Weiéht of dried soil plus container
Mc_: wéight éf—contéiner
Mv = Weight of water in humid soil
. Ms = Weiéht of dried soil .
iv) Results of test
. - Samﬁling at stake No.5
- Before irrigation -
L'éurfécé : -15 em -30 cm

Contaiﬁer'ﬂﬁ. G-18
Ma 102.47 Mb 95.55
M 95.55 Mc 36.63
6.92 Ms 58,92

Container No. F-28

Ma 95.33 ¥b 86.30
Mb  86.30 Mc 34.00

Container No. -G-4
Ma 99.12 Mb 88.46
Mb- BB.46 Mc 33.67

=45 cm

Container -No, E-14
96.82 Mb 88.37
Mo 8B.37 Mc 35.47

Ma

v My 9.03 Ms 52.3 |[Mv 10.66 Ms 54.79] Mv  8.47 Ms 52.9
W= 11.74 W 17.27 W= 19.46 W= 15,97
- 3 days later
Sufface -15 cm -30 cm ~45 cm
. Conlainer No. . E-26 Contéiner No. G~24 Container No. E-18] Container No. F-2
,Md_ 98(9§“Mb 78.47|Ma  96.25 Mb B2.57Ma 104.71 Mb 89.78 Ma . 96.75 Mb 77.52
Mb  78.47 Mc 34 .00 |Mb - 82.57 Mc 37.38jMb 8%9.78 Mc 33.74] Mb. 77}62 Mc 33.60
My 20.47 Ms 44.47 My 13.68 Ms 4512 {Mv 14.93 Mc 56.04 ) My 18,13 Ms 44.20
W = 46,03 W= 30.27 W = 26.64 W= 41,19
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~Sanpling at-stake No.i0

- - Before irrigation --

Sﬁrfaﬁe ; 15.bm._ s ~ 30 qm_ ; ; : S 45 cm
Container No. E-22 Container;Né;rCaéé' Cohtaihgrbe};f¥25_ COntéinér'No. E-12
Ma  89.94 Mb 85.67| ‘Ma 110:47-Mb 100.66 |[Ma 113.30 Mb 103.90|Ma 93.03 Mb 85.33
Mb  B5.67 Mc 34.04| Mb 100.66 Mc 36.79|Mb 103.90 Mc  33.74Mb 85.33 Mc 35.07
My 4.27 Ms 51.63| My 3.81 Ms ©63.87|Mv - 9.4 Ns  70.16{Mv  7.70 Ms 50.25

W= 8.27 W= 15.36 W= 1340 W= 15.32

f;3_days later -

surface - 15 cm . = 30 em - 45 ¢m

Container No.'E;TZI Cohtainer_Ndr‘E¥14 Coﬁtaihér No.;F—?Bﬂ Coﬂtéiﬁer:Nc, G-5

46,047

‘Ma 98.74 Mb 78.61| Ma 109.98 Mb 93.83 |Ma 113:12.Mb 96.26 |Ma 102.85 Mb 87.9p
Mb  78.61 Mc 35.04| Mb 93.83 Mc 33.65 |MB 96.26 Mc 34.00 |Mb 87.98 Mc 33.60
My 20,13 Ms 43.57| Mv - 16.15 Ms 60.18 |Mv 16.86 Ms 62.26 |MV 14.87 Ms '54.38

W= 46.20 W o= 26.84 W= 27.08 ' W= 27.34

.- Bampling at stake No.12

- Before irrigation —

. surface - 15 em - 30 cm - 45 cm
Container No. G-5- Container No. E-15 Container. No.. F-27- | Container No. F-3.
Ma 103192 Mb 96.36|Ma  95.34 Mb 86.10 | Ma 108.54 Mb 99.44 |Ma 122.01 Mb 109.06]
Mb . 96.36 Mc 33.61|Mb 86.10 Mc 35.17 | Mb 99.44 Mc 34.22 |Mb 109.06 Mc 33.14
My 7.56 Ms 62.75[Mv 9.24 Ms 50.93 |Mv 0,10 Ms 65.20 |Mv  12.95 s 75.92

W= 12.05 Wo= 18.14 W= 13.96 W o= 17.06

-3 dayé later -

Surfaée ~.15 om - 30 cm - 45 ¢om
QOntéiherﬂSé. E=22 Cbntainer No-. E~29 Container No. E-20 |Container No. F-27
Ma 113.54 Mb 8S.62]Ma 97.61 Mb 80.88 |Ma 90.48 Mb 80.10 |Ma 89.41 Mb 78.24
Mb.  88.62 Mc 34.49 |Mb. 80.88 Mc 34.31 |Mb 80.10 Mc 34.73 |Mb  78.24 Mc 34.25°

My 24,92 Ms 54.13Mv  16.73 Ms 46.57 |Mv  10.38 Ms 45.37 [Mv  11.17 Ms 43.89
T we 4  wsas.e2 | W = 22.88 W = 25.45
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~ Sampling at stake No. 17

- bpefore lrrigation

Surféqe ~ 15 cm - 30 cm - 45 om -
ContéihérrNO; G-28 |Container No. G<3 |Container No. 5426' Contaiﬁef NOJ.GPAG
Ma 107.13 Mb 104.471Ma 112.13 M0101.29]Ma 92,12 Mb 83.64 | Ma® 99.27 b 89,71
Mo 104,47 Mo 34.20{Mb 101.29 Mc 35.00{Mb 83.64 Me 33,04 Mb 89.71 M 34.02
Mv "2}55"35 70.27 My 10.84 Ms 65.%200Mv  8.48 e 49.70 | v 9.56 me 55.69

- Wo=3.79 W= 16.35 L W= 17.06 W= 1717

_ : _ m:3 dayé later - . .

Surface - 15 cm ~ 30 cem - 45 cm
“{Container NQ,.E—ZO Container No. F-9 |Confainer No. F-25 | Container No. ¢—3
S Mac 9575 &bf77,62_ Ma 106.82 Mb 90.96{Ma 95.68'Mb'83.42 Ma 106.25 Mb 90.86
‘Mb  77.62 Mc 33.60 [Mb 90.96 Mc 33.45|Mb 83.42 Mc 33.70 | Mb  90.86 Mo 35.00

My 18.13 Ms "44;20 Mv  15.86 Ms 57.51 Mv  49.72 M5 12.26 |'Mv 15.39 Ms 55.86
W= 41.19. W= 27.58 W = 24.66 W = 27.55
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%i1) - Bearing daﬁacify 7

i~ Survey date’

1 st
2 nd
3. rd

4 th-:

Feb.7, 5 days

. Feb.14,12 days after water

Feb.22,20 days after water

afthIWatér

supply
'SUPbly
gupbly"”

Maf.1,-27 déys after wéfef_éupply

i~ [PField condition before water supply

_Experimentél.piaﬁ No. 1

Experiméht51 ploﬁ-NQ;2

Area

Drained out water

7,850 m2.
‘Nov. 26,1982

7,850 m2

‘Nov. 26, 1982

Harvesting Dec.'14,1982_ Dec. 14, 1982
1 st rotavating "~ Jan. _4;i983”' ' no
2 nd rotavating Jan. 11,1983 no
Field level well well
:— Water supply
Plot No.1 Plot No.2

Date

VQuahtity

Feb. 1, 2, 1983

Feb. 3, 1983
1,296 mo(165.1 )

1,080 > (137.6 mm)

1~ Field preparation after water supply

Pilot No.1

Plot No.2

Rotavating
“Puddling
Planking

Feb. 9,1983
Feb. 23,1983

Feb. 9, 1983
Feb.11, 1983

Feb.23, 1983

Tis Equipmeﬁt

Cone penetrometer

'Top}éone

30
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C 10

Decth ()

Depth {cm)

‘Result

Plot No.1
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- Stake No.5
Bearing capacity
. o . _ S L —a 3days later
0__- 05_- t.,0 1.5 kq/cm® © @
1 © @ - g 12 days later
' P 20 days later
x______x_27 days later
A SR N .
20— e T
20 ﬁﬁi‘\ BN :f
:\\.\"‘- ~
NS ‘-E_\‘ )q f.
. ‘\ \
\ N \
30 4 z E\§j B . :
NOTo 3 _ . Impossible to
(1.8 - . :
) RS survey (I.S)
™~
“
5
Stake N¢.10
_ Bearing capacity 2
o O 0.5 94 1.5  kg/er®
o {\
N
\\&:
204 ® - R
\\\\¥ \.\
Kefp o
™~ . \\\\::\A
30. RS T =
, -\NQQ\\\}$ (I.
AT (I.8)
y
i
40 T



‘Depth (cm)

20

" Depth ﬁcmj

104

4077

10~

g
i

W
o
|
b
.’,/fr
I

‘Stake No.12
_ Bearing cépééity. :
0 05 w0 1.8 kgfom®

S
Aoy
(1.8)

Stake No.17

Bearing capacity

o 0 0.5 1.0 1.5 xafem”

W o
g
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Depth'(cm}

bepth {cm)

44,

10

20

30

\\-.-‘-‘_*"—-_J_
N t&:‘q.

4Q

Stake No.ﬁ.

Bearing capacity

o 93 1.0 1.5 }kg/cmz
\O\\
\Qﬁ;\
B =
\ ] ‘\-._
~ -~
S@ "‘\.__S
Stake No.i0
~Bearing capaéity
: 2
1.0 1.5 kg/cm

0.5

& o

L\

799



 Stake No.12 ©

Depth (cm)

30

10

(cm)
]

Depth.

30_

40

20 ]

40 -

Bearing'qapa¢ity_-

0. o5 1.0 15 kg/omd
&K—'——ﬂ-—vﬁ---w--. O e

o
g g
|

I’,
rd
O —

Ls
r
r
. . . :

[ el oy -
-, ~ :
- -
< b
o S
I Bl B
pi<% T
T2 T*”“_
-~
Y t
H 1
Stake No.17
Bearing capacity.
L 0.5 1.0 . 1.5 : Kg/cmz
. \,h
T - - . \\
B B .
.
\\\
-
N
™ [
> !
L -
-1 B qi b————
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Study of the cracks_appearing in paddy fields

Many cracks appear on rhe_aurface afrcr dralnage of’ paddy

fields because of exlly clay a01l These cracks cannor be neglecled

in 1he case of conqidallng pleparatory water On zhe other ‘hand,

the surface of the paddy f1e]d becomes harder and halder as time goes

on and ‘it makes plowlnq .lmposslble.

In order to make;clear thé‘étructuré of:the cracks.

The follcwiﬁg thing was Eried.”

1) stell box test

in order to measﬁré tﬁé rdugh Qolume of cracks,
a stell box with a bottom was used.  The size of the
box wsed in this Lest st LT in %'1‘m % 0;7.m“ '

Paddling{wds éérried_dut_in the box on Feb.1st
_and it was kept. as it was for five days, after that
standing watef was drainéd cut of the holeés openéd

near the bottom.
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Situation of the soil surface jﬁst. aftor drainage
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21 days after dr:ainagé
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preparation for the éﬁrvey

- 5011 depth : e i 50 cm (volume oOO 1)
= paddllng in the box 5;;_: Feb 1 1983 .

- drainage of standlng water : Egb.s i
Assumﬁﬁibn 5f:¢facksfv51ﬁmé.

On Mar 16, 39 days after Lhe dralnage of the standlng water, the
cracks were fllled up w1th 62 1,

~-Supplled water to flll cracks_: 62 1
- Assumptlon of por051ty o
& = Giéﬁ_":(ff'+ W) -4 - Gsew - 10

t o 1 0 : a

e =void ratio _ _
Gs = specific gravity = 2.60 see page 29
1.00 -

Cw = density of water

=
i

moisture ratio (neglect)
ct = humid derisity of soil
v o= volume (er® )

cd = dry den81ty of Soll _1;598_g/cm3 S
‘e =2.60°%1.00 -1 =0.627

L .1,598
porosity;IVbidagé) n:

n = e x 100% = . 0:627 . x 100__=_38.5%
e +.0.627 .

Although water was supplled rapldly to’ flll up, the cracks lf we
) fake 1L that 20 of the supplled water was. absorbed by fhe soll.

-the capa01ty of the cracks would be about 50 l/m (80 m /ral, 500 m /ha)

roportlonate to 50 mm/ha in depth..

:l_absorbs water, the cracks are naturally closed

:5fby the.expanded 5011

-Therefore, 1t is too hard to analyze this matter
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Supplied. water

Standlng watel

<, 1 /ml _ .Y S ’
2. 25m4m i_‘S . t 45 45m/m
200 7 iy T PTTT—a01ll sur ace Ho ling water
_ [Yrﬁ t J‘J;.J _U: R f/?"/"},fj 55m/m7§r'}g;fm l’? vate
_ 4 N Vie B a5 p S R g
r62p, ! ' :

B | ¥ . HE.

" 775 L supplied
1 again continue

100 —

There was no &tandlnq

/ 31 8. SUPplled again wiazter at 11:00 a.m. ‘
/4 at 2.5 hrs later so water supplied again

31 8,

Filled up cracks

o L—

10:30 13:00°
a.m. p.m.,

Mar.,17 Har. 21
Mar.16 . i o

15 days after irrigation

Total quantity of supplied water : 201,51

Abcording tb this trial it was observed that the'irxigaﬁion water
is fequiréd about 200 1 (200 mm) for plovghing and will be reqgui-

red more 40-30 1 (4050 mm) for puddling and planking.



@

K. Computatioh formulas of the psak water requirement for péddy (transiafioﬁ)

_Orianal'réport'(Tﬁai versioh) ¢ by Mr.Direk Toﬁgram

In order to control the uie’ of water by farmera especlally about the
Hutor diztribut;on in the ricefield, it is lmportant that the- irrxgatlon
syatem must be perfectly. daalgned and. wust be related to cllmatxc and

goographic conditions.-

" Water delivsry (all the time, 1nterval or: aa neede

y, farmers) and irri-

gation applicatlon ‘are used as thé bases for’ calculating for water requir- .
sment Generally rice water: requlrawent is’ used Eor basic estlmatlon gince
rice uses a lot of water . Water balance,‘whlch is ‘delxvety water ig equal
‘to water requlrement for total operation, is also uged in calculation. '
Formylas or methods that use for irrigation qystem des1gn1ng are as followed

i

Ganaral prlncxples o

watar wh1ch w111 be delivered 1nto the c}befleld can be calculatéd
by the follow;ng formula :

Q = AD x 1 PP TUUY & B

- 86,400 (EFF.), -

0 at Farm Turnout = “A.D x'-' . o ..--ﬁ-.i-ﬁ‘(z).
86,400 {(EFF.), (EFF.), -

Q at Head Gate

where :
(EFF.)2 =
(EFF.); . =
.Q" =
A L=
D - o=
ET =
p - -
ffR '__, el =
L (EFED . =
ﬁ::L.  -'_ﬁ7ﬁ =

= A.D.. X 1 e d®)
86,400 (EFF.)1{EFF.)2(EFF.)3

water delivery efficiency in 9é¢ondaf§_canal,
decimal '
water dellvery efficiency in tertlary canal, dec1mal

flowrate, m /sec 9

area to be irrigated, m

watar depth of irrigation appllcatlon, m/day
ET + P - K

evapotranspxratlon, m/day

' percolatlon nnd saepage losses, m/day

'effectxve raznfall, m/day

efflclency of uslng water in the rlcefleld ‘decimal
1L '

water losses 1n the rlcafxeld decxmal

The depth of 1rrzgat10n watar per day (D) for rlcefleld preparatlon can
ba estlmated from the followlng formula
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WHERE ;

-

S awm =

came °

It

.

C~R1 + (P 4+ B) §

— olﬁ.c.‘b‘..-a.;.-o!..;_l.o-I-(_45

 evaporat1on rate, m/day
:daya to erlgate watar 1nto the rlcsfleld
ra;nfall durlng 1rr1gat10n perlod

water for fleld preparatlon {m)

from calculaticn or exper;mentat;on

Calculatlon for rotatlonal irrigation

Q

]

WHERE:

i

A.Dr, , 1 _ ‘
T EFF. ; .(5)

M R R T I S

fflowrate, m /sec. (Normally the flowrate'dépendé 6n}thé-
dlameter of the pipe)

area’ to be 1rr1gated, m2

water depth of each irrigation applxcatlons, m
DP =(ET+P—R)P

rotational interval

time reqdired to déliver water into the field

average ralnfall during rotatlonal xnterval, m/day . -

The s;zes of rice 1rr1gatlon canals can be calculated from the
following “formulas which are developed for the maximum efficiency and

rasults,

Z. Conventional Formula

Qmax
" Gnax
WHERE:

Qmax

Taiwan's formnla

The édﬁVentiohal,formula used by'the Provincial Water Con-
servancy Bureau of Taiwan can be written as

(ADB I+ ADt) 1 ) -.-o-.--ta.-.-..oa-----c-(G)
N 1 - L
.‘.AD

g +AD.) 1

D (729

NT T 1-5

. 3
maximum discharge required, m /day

) , 2
- area to be irrigated , m
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A. Prepared area at day N

2ip

' S >
B, Water requirement for i%
field preparation g " o
' ' °5“f%;ﬁﬁ
b
4
at
A o= St s
C. Water requirement 32 co e I -
- for rice seedling Del T e - -
; _ ot= A.D,
(increase every -day)
S
4

D, Total water require-

ment

 Figure 1-4 Water réequirement acc

aysteﬁ.
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Dt .z- water requirement after transplanting field, hereaftor called

maintenance water, m/day

| D  3. 1and4soaking'and'standing water application, m.

= DSS' +:D8_t

bst - stahding water réQuirement, m
Doy ™ ééileéturation water requirement, m o .
- 'depth of s0il saturation x soil void x (1=80i) moisture gontant)
N =  Eime_required to prepafe érea A , dayg

.'= sgconds'inaday & 86,400 gec,

L. = conveyanca losses, decimal

From Equation 6, water requirement will increase every day until the
‘last day (day N) of field preparation which the water requirement is -
maximum, After that the water requirement is sharply reduced and just
enough for feeding the rice geedling ' ' '

= aD. ( 1

That is 1 Q% e Lo

)

~If irfigatidn'is_done as Equation 6, delivery water will increase
everyday. Delivery water at specific day can be calculated from

Qn = (ADB + ADt.n ) 11L
N N
Qn = water requirement for rice at day N
N =~ = date at which the water requirement is maximum

" 2.2 Chow'sS forimula

Chow Qave a revigsed form of Equation 6 as follows:

. d
('8 4+ 1) 1 7
8.64 'I")“'- 'P_ 1 - L LR B I I N R B N I N A Ry (
B r
where:
. 3
0 = flowrate, m”/sec
. : 9
- A = total area, hectares (10,000 m™)
d = land-soaking and standing water application,m
8 .

= standihq.water requirement, m + soil saturation watar
reguirement, m

d = maintenanca water depth of each rotationsl irrigation
application, m
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:Pr";' rotétiéﬁéluihféfﬁéi"'days
P, = time requ;red to prepare area A, days .

I, = convayance losses, dec1mal

when 'dr = Dt x'PT ,.EquatiOn 6 ;_Equé;iqﬁ 7

3) 'Japgn}s. formula

Rmax =_l%ﬂ ( 'S + (n-1)d );;l;_. Seereavioasaveneasimarvevssne(8B)
1 - L

R o= mgximum.discharée feﬁuifed, ma/déy'
-A' H_;féfééwuhectafés {%G)dﬂﬂ.ﬁzjn:.ﬁ
d  -=fd§ii§ Qatér feqdi;é@ent; ﬂﬁ/&éy -=f
s =—wataf;requiremént for figld'p;ebéraﬁion

= sﬁahdiﬁg.wafer réqﬁireﬁent'+ soil.éatﬁratién ﬁater.feqhi;ément
n = time reQuifea'to pfeﬁéﬁe Area:A;:days |

L = conveyance losses, decimal

2.3 Goor-Zijlstra-wen Fofmula
1) van de Goor. and Zl]lstra g formula '
" Goor and lelstra developed the followlng formula while working

‘at FAOQ . in Malaysia from October 1971 to April 1973 and ‘the publi-
catlon_was in 1978, .

MT/3
I M
. e .ll.loi-‘..-Q'nni...'tﬁ't..."‘l‘ﬂl‘..(9:)
| eMT/s—1
where:
‘M = water requirement, mm/day’
I = water requirement for -field preparation, mm/day
T = tiﬁé reQuired for field'preparatioh; days
--"é':f-water requ1rement for fleld preparatlon, o

'Equatlon 9 w;ll be equal to Equatlon 16
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“2) Wen's formula. -

“Wen published the following e

was based on his .8, thesis wquatlon in 1972, The publication

hich was completed in 1970

Q@:Tmz/&ay) = AD :
) e rh—— .- - » . 1 un.----.vo'(10_)
-{(1ne“‘Dt/Ps)'N [
2, -
Q, (m"/day) = AD
| B t . . 1 e trraresaasa(10a)
T{1-e"tk/ns)‘Nk 1 -1 '
. whera:
Qm = water requirement to prepare area §,= 0 + Qt
. . 5

= maximum water requirement
A = area to be irrigated, m2

Dt = water requirement for transplanting including pércolation
(BT + P), m/day

.Ds :.=:deptﬁ of water requirement for field pfaparaﬁion
N = days to prepare the entire area

T = second in a day =_86,400.Sec;

L =:60nveyange losses, decimal

e

f

bage of natural logarithms = 2.718282

Main water is. used for field preparation in the first day.
Later the areas are reduced and part of water will be delivered
to feed the rice seedling.

Yo = firgt day area
= . ) D
. Aby
o JU_Q..(Dt/Ds). Ni
s
Yn = area at day N
= Yo : 1
e(Dt/DE).N
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am o
water requirement for field preparaticn [ 1)
‘,”f. .
_ T
T Sl
. Cakn ) i .
& -~ o= ADs
< P | 9= ADy
™m _,I" .
) ' /" water requirement for transplanting
L /"IZ : L o
_ : N day - . ' __‘ '
Y = first day area
T
Y
A
n
y
-Figure 5 Water requirement according to Wen's idea



3) ChEng'Ehformula

In case. of irtigation for field

] repa io \
one day, Cheng int preparation more than

roduced new following formula,

Q= _ A T a1y ' Lt
. 8.6‘411»1(“ T - _ et
" where -
. E - ad
K = I 2
ey
B +d
r 2
- R
Q. .- = flowrate, m” /sec
A =' area to be irrigated, m2
a7 = daily water requirement, m/day
D = water requirement for field preparation,m
n = time required to prepare area A, days
L = conveyance iosses, decimal
r . = time required for field preparation for each area, days

If r =1, result from Equation 11 = result from Equation 10

3. Improved Formula

1} J.K. Wang formula

Wang developed the following formula which was called
Improved Formula.

= D . - 1 LI R R Y ---------.(12)
Q A t
n 1~ L
1- (I-Dt.s)
D
8
. o )
Q¢ = flowrate, m” /day
' 2
A ‘= area to be irrigated, m
 Dt = daily water reguirement for field preparation, m
B = total water reqdirement for field preparation , m
g _ -
- goil saturation water requirement standing water requirement
S = rotational interval, days



n

N
-
N

Ca number of rotational beriods;days

= must ba in full numbar. '

tima required for complete fleld preparation, daya

2} xertpltak and Kayan kannavee's formula

Kertpltak and Kayankannavea developed the idea for an lrlgation

in the latural or secondary oanal level. Their prlnCLple are
.........,,.(suppose thls 1s equatlon 13) N

- transplantlng starts after field preparatlon ‘or 2 weaks after
fxeld preparatlon, S .

jrlge coeffxc;ent obtéiﬁed from fhe“éxperimentatibn'of RID is
determined to use according to the stage of. growth in stead
of ‘using other formulas or method which" tha crop coeffic1ent

is 1 .0 at all tlme,_

get the area in'parts

(One who ihtereSted in"ﬁhis"méthodj please ses " Célculatlon

for rice water requirement ifn‘zone level ‘and calculation for
capac1ty by vice profassor Chalong Kertpltak and Chlvat .

canal

Kayankannavee")

4. . Sunimary and suggestion

The deéiqh of irrigation system should be considersd

1)

2)

T3y

Delivery mathods

1.4
1.2
3

-tk ek

“The

2.4

déiivé:y at all time

interval delivery .

delivary as needed by farmers

important factors for calculation are:
consumption use value = evaporation + transpiration

percolétion'losaes value

} water requlrement for field prepaxation

- evaporatlon

- percolation :
~ land soaking
- water léyer )

,Fleld preparatlon depends on

:'--seedling age
s how-fast the farmer can do- for ‘each .day.

i':m d331gn1ng the canal capaclty of 1rr1gat10n system, the
fmax1mum water requirement (No rainfall) for field preparation

48 in the last period since part of water ds for field

'praparatlon and another part 18 for tranaplantlng.
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Chalong's jdea

- area ‘is set in

ST to 3 parts and each part takeé-ﬁ;ﬁaéks to finish (for central
#égiog}_ﬁays fqr,complete field preparation is 42 dayaI(N . a2) '
-Lyranspl§nting beging after finished the'fieldrﬁraparétibn.ih_eaéh'araa.'_

IR J 1] | e : é _Zﬁ}
ri@ra ﬂtiTn ' transplanting T
N Susrv i N
v nsplan] ng’
A2 . ' B Az T . :
AZ - A3. ; I
A3
2 wééks B _ " 2 weeks 2 weeks

Figure 6 : Chalong's idea in field preparation and transplanting
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Therefora, wéter reﬁuireméht deponds on time required for
" field preparation, It is short, the water requ1rement will

_be very hlgh for. each day.

Fdrmula-bharacteristxcs T

Bquations (6 (7)(8)

Equatlons (6)(7)

but Equatmons(e)

]

Equations.(Q)(10) ~

Equations (11)

Equations (12)

Equatioﬁér(i3)

'rate of 1ncrea31ng the areas in: the perxod

“of fleld preparatlon ig’ flxed and no ralnfall

plants have used water since flrst day.

plants begin to use water in the tollow1ng day.

areas gradually reduced ag the expotentlal
curve and plants ‘can 1mmed1ately use water.
field preparatlon is as Equatlons 9 10 but
addlng 1nterval 1rrlgat10n

_1rr1gat10n 1s set in parts for actual condition

“in: preparlng ‘the areas and planta use water

in: the next 1nterval perlod

set- preparatlon areas in parts -as Equat1ons 12
but' using the rice coeff1c1ent obtained from
exper;mentatlon. ' C :

_ . The results from comparlng the formulas (see Appendlx A} for
cexample Taiwan's formula, Wen's formula (see’ Appendix B),. ‘Wang's
‘formula’ ‘and Kertpltak and Kayan Kannavee's formula (sse. Appendlx C)
showed that Kertpltak and Kayan Kannavee's formula was better than.
others because they used climatic data and rice coefficient according
“to the stage of growth in determining the estlmated water requxrement.

Comparison on calculation for waker

requirerent for field preparation

Vater reqﬁire«Q max by [+ m t:xy Wan's SO bs; thalong?'s method Kang*s method :
ment for Helj Taiwan's formula . . . . Remark
raparakion formula B e B .- R R -
prep S |m sees. m3/sec laas thay] 'mB?qec lean thanjless than a}/wc Bews than|iess than}more ti"‘lan
. 4 C Qmax Af N Crax & [Wen's.A ) Qmax ¥ [Wep's % | Chalong's
200 D.254 0156 . 30 0T 42 9 - 0,185 37 6 3 A = 1,000 rai
250 0,200 - | p.219 8- 0,700 3 8 0.207 35 6 3 H = 47 days
_3u‘o 0,306 0,243 | 7. 0.2 37 g [ X" 33 6 3 Dy 6.89 mr/day
350 - | 'o.332 0.267 24 0,248 . 34 7 0.254 3t 5 2 et
- . =t - L,
400 . 0,357 4.292 22 0.273 31 T 0.2719 - 28 5 4 €
: : . = 0.85
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hppendix B : Example of caleulation by Wen's formuls

Wen's formﬁla

Q. = B* Dy
8.64 Ecﬂ-l -e‘.{Dt/DQ) 'N}

.qm_' = f;dwrate, M3/sec
7nh . =.area to be'irrigated, hectaras =.160 : _
'Dé - = depth of water requirement for field preparation =350 mm
‘ni = water requirement for transplanting, m/day
= 0.00589 + 0.0010 0.00689 m/day
N = days to prepare the entirg area, days
=42 '
= 2,718
: Eé__ o delivery efficiency in dry season
2 .85
therefore

160 x 0.00689
; - 1. 358) x 42
000 ~ 0_85.{1_e (.0068970.358) = }

H

O

0.267 mB/sec.

)
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Appen&ix C Example of calculation by Kertpitak. and Kayankannavee method

Calculation for area in each period

N o -
! R TRERS R s T
field preparation transplanting '3 weeks after.
' o during first transplanting .
‘week
By + By By A
. : : 2
préparationr__ .transplantiﬁg_”_
during first weel
A3 - P
' field preparétibn
e .
‘periocd 1 period 2 ' period 3

Figu:e'1 : Field preparation ;nd_tfansﬁlanting
Let A, = field preparation in first period
‘A, ‘= field preparation in secohd period

fiéld preparation in thiré period

[
i

total area = A1 + Az + A3

HWater raquiramént for field preparation obtained from Samchuk station
o= 350 mm.

'y water reéquirement for field preparation = 350 = 25 mm/day = W,

k-
L]

‘where : wﬁ.”_é;”rate_¢f'pércélation/déy - 1
i PogghtiaI:Evé#bt;aﬁqpifation'g rice;cégffibiént in first week
_-Wﬁz = Potential Evapotranspiration x rice coefficient in second week
Weg. a.Pptéhtiql@EvaPQFranspi:ation x rice coefficient in third week
Wéé' =:Potehtial Evapdtranspiration X r;qe coefficient in forth week
= = Fotential Evapotranspiration x rice coefficient in fifth week

ST

B
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- L.Potential avapotranspiratlon and crop COfoiClﬁnt for rice in Thalland (Translatlom

: Orlglnal report (Tha1 veralon) : by Hr Drek Tongaram

1. Praface

Consumptive use. of water espacially ‘rice. conaumptiva usa is an important
bagis’ in ‘deterimining irrigation projects, quant;ty and frequency of watering
planting syastem designlng and also includlng invsstmants which will halp in
developlng the water reservoir for agriculture.§ :

2. what is.. the consumptlve use or avapotransp1rqtion 7

Generally 1t is the total of watex lossey from the grow1ng area to the :
atmosphere in the form of water vapor (F&gure 1)

2.1 The evaporatlon of water from plant surfaca dlrectly 1nto the atmo-
sphere, or 1nto intercellular Bpacas and then diffusion through. the
stomates to ‘the atmosphere is calles transplratlon,

2.2  Water evaporated from the soxl or exterlor portlons of the plants
where watér may ‘have accumulated from 1rr1gation, rainfall, dew or

exudatlon from the exterlor of the plant 19 ‘called evaporatlon.

3. Measurement of consumptlve \ise or evapotransplratlon

3.1 Dlrect methods which the resulta ¢an be used dlrectly :

 Each method also has advantage and d1aadvantage. Selectlnq the
methods is depended on types of’ plant, expenses and etc. Methods
that are generally used 1n 1rr1gat1@n are

3.4 kS measurlng dlrectly by'uﬁlng "lysimeter
3.1.2 studying from soil -moisture content
3.1.3 studying from experimental fields

3,2'_Calculat10n for potentlal evapotransplratlon by the use. of emplrlcal
formulas based on cllmatologlcal data

_The calculatlon can. be done in many ways -~ simple or complex depends
on: each formula. The water requirement is obtaxned by multiplying
potentlal evaporatlon by crop coefflclent .

4. StUdy1ng-trends=.

Although the use of. lyslmeter 1s very accuracy in determlnlng the crop
_water requxrement,_lts result can not be. used in all areas which: the envi-
- ronmént or’ cllmatlc condltlon is: dlffernt from where it is set, therefore
the estlmated crop evapotransplratlon, ebtalned by potentlal evapotranspl-'
: ratlon tlmes crop coeff1c19nt. is used. oo

re were many methods for the. estlmatlon for potent1a1 evapotransp1—

; ,thus the study was -to- obtaln the ‘methods that ware sultable for this
-fco ntry The exper1ments were get 'in 49 places coverad all regions of Thai-
',liand It prov1ded water was enough for growing rice, it should be enough for
"other plants since rice needed: more water than others. Therefore, the study
¥ was algo on the rice coefficient. ' :

N
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54 WhaFflé_pgténtial_Gvapdtgﬂﬂﬁﬂiiéﬁigﬁ 7

Poteptalal avapotrgnsp%ration is the watérVlbssessffom'gfowihg'éféss
ture for ‘the requirement ‘of ‘plant
_ ] that the transpiration and evapo- . .
affected by other Factors eg. hot dry wind and ete,

6. Thé'pUrPOSBé of ‘this study were
6.1 T&fﬁgtéfminé thg methods
: --Veyapotranspiration obtain

surement of lysimeter,

that gave the most reliable potential
ed by Gowparing with the direct mea-

The methods were :

1 Penman method (Combinatien equation)
2 Christiangen and Hargreaves Method
3 E-pan Mathod . :

-4 Makkink Method'
5
6

— bk

>

Blaney Criddle methogd
+1.6 Thornthwaite method

(e R e e

o ph ok

The basic determination wag that the method that gave the closest
value of potential evapotranspiration to evapotranspiration obtained
from lyeimeter was the best method. '

6.2 To obtain the optimal value of rice coefficient for the estimation -
for water requirement for rice.

-The basic determination was also the same as the above that the
method that:?ave the closgest crop coefficient to that of obtained
from lysimeter was the most reliable method.

7, Summary on tha_stﬁdy of each method

“The studies- vere conducted in-.2 periods. The first period was from
wet season 1978 to dry season 1979 and the second period was from
wet season 1980 to dry seagson 1980, The result was that the Penman

method was_ the best for the climatic of Thailand. (see Main Report)

' The reason was that the Perman method used all climatic information
that related to transpiration and evapowation.

.Tﬂéfafore it wbuld ine the accuracy value and also it could be used in
all regions. of Thailand.

IOtﬁef formulas gave less accuracy value bedause_ﬁhey hsed less data
that reléted to evapotranspiration than Penman method.

Makkink method used solar radiation as Penman‘s but did not use vapor
- pressure and wind Speed. |
E pan or evaporatioh from ﬁan was the sum of solar radiation,wind speed,

P erature and relative humidily, The estimation for water requirement
waquuite error because the evaporation pan was often set in the different

places from where the growing areas were.

325



Christiansen and Hargreaves msthod ulsbfused:thq_éV@pbtatioanrom pan
as the main daté; thus the result was the same &s:that of E-pan mathod.‘

Thornwalte and Blaney Crlddle methoda used only temperature ag the
main date, thus the accuracy was: leBB than that of Penman method. -

n Blaney Crlddle mathod was very 51mple and easy to use s;nce it usad
. only mean monthly temperatura but. it had waak p01nt ag follows s

?.@ Tha tenperatura af the atmosphere was not exactly the amount
‘of heat énergy’ requlred tor evaporation and tre spiration.’
‘The real’ energy was golar radiation which was not'proport&onate
" to the’ temperature of the atmosphers.’ For ‘example mean :
'temperatures in November- and March'of the Netherlands were
5.4 and 5°'c which the numhers were vary close but the solar
radiaticn or water requ1rement for plant was d1fferent almndt
4 tlmas. . .

7.2 The tempéfatlve especially after winter was increased but
slower than solar radiation which the earth: reCLeved '
Therefore water requirement for- plant ‘obtained from th15
formula during that period would be lower than the actual
_requ1rement of plant.

JL3 Accordlng to- Blaney Crlddle, there were no evaporatlon and
transplratlon when the temperature was e&qual or less than: 0°c
That was not true because the temperature that used wag the
mean monthly. temperature thCh could be higher or iower than
0'¢c in that month. : :

7.4 Blaney criddle. ‘method did not include the wind speed 1nélud1ng
the effect of hot-dry wind which affected directly to evapora-
- tion and transplratlon. .

However , the'areas which had nd‘infdrmdfion.other'than temper-
ature, Blaney Criddle method could be routhy used 1n estlmatlng
" the water requ1rement for plant :

.Although Blaney Crlddle method had’ weak points,’ it was w1dely
used because it used crop coefficient, K which depended on =
types, ‘ages; - helghts, and also including the density of plants.
- If the measurement of water requirement for plant was accuracg,
the calculated crop ceefficient w0uld be correct and optlmum
for that cllmatlc area. : -

8 The uses of the studled methods

The experlment showed that the estlmatlon for potentxal evapotransplratlon
_ by Pepman-method was the best and. optimum for all regions of Thalland.f
'Since Penman’ method neaded ‘a 'lot of information’ and the calculatlon wag’
: compllcated The potential evapotranspxratlon was obtained only in 25 period
“{during 1951 1975) and covered with 49 statious in all regions of ‘Thailand.
L Poténtial evapotransplratlon could be used to estimate the water
7 Fequirement for all plant which obtained by multxply;ng potantIal evapotran-
-*'splratlon by cropcoefflclent of that plant.
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The results frcm thlS study are shown ag follows

w
*

8.1 .Appendlces A f Monthly potenti L e
al‘ev . _.
' : -and mn/day. - apOtransplratlon in mm/month

8'%,_Ap?§pdéce§ B_:-MOnthly potential evapotfanébiratibn'of 49 stations

: 1n mm/day, . o

.&f3f Appgndicesfc : Elevation of'potantial eﬁapoffénspiration in
Lo © mm/month. o _

i 8{4‘5Appendices-n : Potential evapotransplratlon value in mm/day

’9 Summary of estlmatlon of rice COefflClent

The averages obtained from the fir
1979) and second phasge (wet. season 1979-

‘by comparlnq the crop evapotransplratlon and potential evapgtranSplratlon

were shown in mean monthly values and average values for calculation for
_potentlal evapotransplratlon by Penman method” (Appendlces E}.

st phase (wet season 1978 - dry season
dry season 1980-wet season 1980)

Month : ' Crop:coefficieht
Phase 1 s : Phase 2 . Rvepage
1. i 1.04 0,97 1.00
2 - 1.12 : 1,20 1,16
3 o 1.27 1.48 - 1.37
4 _ 1.18 1.36 1.27
Average 1.5 1.25 ‘ 1,20

The table shows that the crop coefflclentq of the first phase are quite
good for prdctlcal use and also the first and second months of the second
phage’. The third and fqrth months of the second phase, the values are
quite high_thus causing higher average values of crop ccefficient, The
reasons for that are as follows.

9.1 The effect of heat from golar energy around the grow1ng area in
the ‘abnormal seasons especxally in dry season, the temperature in the area
of some experlmental stations was lower than that of natural condltlon there-
fore the rate of water requ1rement for rice in the experimental field was
high and also higher than that obtained from potential evapotransplratlon,
thug causing higher crop coefficient.

9 ) The water losses by evaporation and tranSplratlon were still high
when the irrigated water was drained from the field around the experimental

field during the delay in ripening of rice.
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' However, the. crop ceefficients from the first and 5econd phaeaa and
“the averages of both phasas weve in the working range bacause they
were from the results of actual but different in condltlons.

10. Squpstlon of crop coefflcient of RD rice var;etlea.-

Rlce coefflclent waa the baBlc 1nformat10n for 1rrigatnon because 6991qn1nq,
planning “and operating the 1rrlqatnon system dependad on ‘water requirement
of rice espec1ally for- RD ‘rice varieties which could grow all year round since
they were not’ qenaltlve “to llght There: were no: researches in thls ‘area and
normally the statigtics from foreign countr1eb were used to estlmate the water
requirement. for ride, And ‘the- values were not yet. perfectly fitr the ‘actual
. eondition. The result was the lossee of "water. esp901ally in the area of the
_efflcxency of using water waa low. : - ..

In: order to. bolve the problemr thé author who wa& responsxble for thlS
-reaearvh had conducted. the experiment on rlce coefficient ‘that would be :
suitable for the climatic of this country ebpevldlly potent:al evapotransm,
“piration formulas (shown in Appendace A~ D)..The experiments were. cavered .
all over the country with 49_stdtJons. For exam;ndtion and- the uases the
-author developes 3 sets’ of crop coeff101enta, ‘namely Derkh 1,2, 3

Month - o '-: (-Z‘r:;)p. .'c_':qeff.it:iérit_ for RU. - Rice .
pirek 1 ' '.'D=irek .2 C : bi'z;ék 3

. 1 1.0 Sl 0.97 | 1200

2 1.12 A O _ 1.16

3 1.27 1.48 1.37
T .1.1,8 o | . 1.36 o 3 1.2_7.
Avefagé b i.15' o o 1.23'  ' o 1'.:1.20

.gggigglr_  “To obtélnﬁthercr;n coefflélent value for the f1fth month “the

- author suggests that the value of 0.98 should be added (th]s
nuwber was obtained from the study during wet szason 1978 to
.dry geason 1979). The crop coefficient values are shown orily

in: 4 monthb because normally the use of water in the ricefield
. ;_;15 about 80 90 days wh11e about 25-30 days for transpldntlng
. and the rest are. the draining perjod before harvesting
;o (see more detall in Execut:ve Summary)

4

For D11ek ] and 2 were obtalned from 2 ewperzmentb (see main
freport) dnd Dlrek 3 was the average of Direks i and 2.

iﬂThe arrangement accordlng to the Jmportance to the uvers were
Direks 1,3 and 2 rP&pPCleely. '
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: ti “des igni . oL '
~etc, while Direk 2 wap oum for designing project planning and

& fo

matic condition. ‘ % Qper?tiOH in the gase. of higher cli-

izﬁder tQL“S?‘thé crop coefficients effectiﬁély'the ricé coe§ﬂ

™
£ficients obtaj

that the potential evaps
method. If using potenti
Blaney Criddle, E-pan,

Hargreaves the resilt .w
valuss dependiqg on’ the nature of the methods . Other methdds could.
also"used the given crop coefficient but their coéfficient had to
develop according to the climatic of this country. o '

: ined. from both_expariment were shown in Appendices E. -

transpiration had to-come from' the Penman
al evaporation from other methods “eg.
Thornthwaite, Makkink and Christiansen and
ould be lower or higher. than the actual

11. Summary on water requirement for rice by the use Of'lysiﬁetef o the

usages.,

The measurement of water requirement by using lySimeteeranreiiabie"

‘and eould be

which -having

ld "k 'uséd;directly in the rice field. The 2 experiments area were
to obtain the éstimation of water requiremon

t in each area or provinces

.the same or related climatic conditions. The results are

shown in Ahpendiqés G'which the users can follow as

1.1 The

11.2 The
and
1.3 The
ern
11 .4 The
11.5 The

result from Mae Tang station can be used in the North region.

result from Sam Chuk station can be used in the lawer North
Central regions.

result from Huai PRan Yang station can be used in the Northeast-
regian.

result from Mae Klong Yai station can be used in the West region.

result- from Petburi station can be used in some parts of Central,

West and uppér part of South region.

The

area in the different climatic conditions or environment (although

in the same region), the potential evapotranspiration had to come from that
specific area in order to obtain the actual-values.

12. Summary and Suggestion

12.1 Pdténtial evapotranspiration or water requirement for plant obtained
from Penman's method was the best for the climatic of Thailand.

The

potential evapotranspiration for the important areas were calcu-

‘lated 49 stations located all over the region of Thailand were used,
The water requirement for plant was obtained from potentail evapo-
transpiration of the specific area timed coefficient of that specific

Crop.
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12,2 ‘The potential evapotranspiration values obtained: from:
s thei 6 methods were compared with' those of 1ysxmeter
and the results showed taht Penman méthod was the hest,
and from the results, the 3 sets of ‘erop coefficient
were: estébllshed fmr the’ convenlence of ‘the USers.

13 Summary

" potential Evapotfanspiration aﬂd Cfop'Céeffiéientifor_Ricénin”Tﬁailahd,

(- Users summary )

7 Thls report is prepa 'd 1n the connectlon wlth .a report entltle o

oy Comparlsxon of - Rlce Evapotranspxratlon and Effectlve Ralnfall in the
 R1cef1e1d"f which . concluded from: the result of a. consumptzve use’ or rloe
evapatranspiration experlmental data observed in 1978- 1981, the recommended
me thod-Penman (Comblnatlon equatlons) in determlnlng the potentlal evapotra-
nsplratlon asg well as’ crap coefficient for rica. In thls connectlon, the
moenthly potent1a1 evapotransplratlon bf 49 staions in various part of’
Thailand, by’ u51ng Penman's formula (Comblnatxon equatlons), based on an
“average of 15 years of cllmatologlcal as well as the crop coefflclent for
RD-rice were established for planning and' operatlon of an irrigation purposes,

“This determlnatlon is flrSt in its klnd of 1nforwatlon ever been made
avallable for either planning or operatlon pro;ect in Thalalnd
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14. Monthly Potent;

al @""ﬂP.otranspiration (mm/month)
{(Unitimil liﬁeter ):
T “““*T“*‘*‘M—H—~—Q»__‘H_ﬁ;; %%%%% | L
' o : e (Month) o
No Station —Ff“"r‘““ T N S
N Jan. | Feb. Mar. japr. Méy laun. | gul, Aug.sépt.‘ Oct | Nov. De':c. :
B R D N B e ———
L Chﬁe“g?éai 93 1125 1151 169 | 158 143 | 135 124 | 128 | 122 '165 9
2 Hae Hong sorn 102 1134 hes 1185 | 161( 139 | 131 {23‘ 125 | 123] 112 '57
3 | chiengmai 104 (134|164 |179 | 160] 144 | 135 122 {124 {123 110 | 96
4 Mae.Sa' R'ien'g' : 108 | 139 173 1191 | 166 135 [127 [120 | 125 ] 127 117 1103
s _La¢ Pang 109 1139 1167 184 | 167] 151 | 144 |13 130 | 125 ] 113 | 100
6 | nan 102 1133 1162 1177 | 158} 144 [135 [124 | 126 | 126 112 | 97
7 pﬁrae_ 108 1437 1170 1188 | 168] 145 | 142 [130 | 128 ] 1251 115 |103
8 U;ﬁaradit 114 1140 Jae5 [180 | 160] 140 [ 133 l134 | 128 ] 1392 123 i09
9 Tak ' 15 [147 {182 [198 | 167 150 | 142 t34 | 128 | 121 { 112 | 103
10 "'Phitéahﬁlok'_ 113 1138 [165 [175 | 159| 143 | 136 }126 .123 129 121 508
1| Mae sot 117 [146 [177 |190 | 163] 135 | 128 |118 127 [ 130} 123 |110
12| Petcnapuri 118 {143 176 180 | 160] 140 132 {122 123 131] 124 | 112
130 Pthﬁipﬁ]:ﬁam 116 {153 186 [197 | 166] 1481143 {141 {130 {125 116 106"
4 | Loei 119 {146 {172 [183 | t67] 155 [ 153 {143 | 139 | 139 124 |109
i3 ' VUdon Thani 112 {137 1165 {174 158| 144 | 140 {128 1.31 134 121. 10;/.
16 | Nakhon phaﬁom 113 133 157 [166 | 155] 134 | 132 [122 | 127 [ 132 | 121 [107
171 Sakhon &aka;n' 114 | 138 |163 |173 | -154] 143 [ 141 [129 | 132 {135] 122 |108
18 | Mukdahan 119 [ 140 {167 [172 | 1sef 141 {136 {128 | 135 {1350 127 {114
o 'khon.Kaen 117 | 143 {168 {177 62| 148|147 133 | 132 1311126 [113
0 | kot mt 119'[ 140 [165 [171 | 159| 147 {143 J130 | 129 [132] 126 |114
2 | Ubon Ratchathani | 125 | 145 |166 [168 | 155] 140 | 140 f120 [ 129 134 [ 132 120
E?MJ sarin _ [119 ] 139 [162 |162 | 150] 137 135 {125 | 124 | 126 | 119 | 110
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{Month). '

- No. Station PR ] R L : .
' Jan.| Feb. Mar.| Apr.|May | Jun. Jul.|Aug. S‘?Pt O<‘t Hov.| Dec
- 23 Nakhon;Ratéhasima 120, 143. 163 jes'.{sé' 151 145;'1é4 1i32_i2i 122 [ 112
24 | Sap Muang 13 '131 14%'_153 145: taz [ 137 (125 | ias|i1s | 112 [1os
25 | Chaiyaphum _125. 15011 72_', 179 17‘2£ 15.0 itl?}}" 133 | ﬁ30_ 135 '130‘ 119
26 | Nakhon Sawan -fzz'_ {49_:179 187 1167 | 152 [ 144 {134 | 127|126 [ 12 f113
27 | Lop Buri 3 | 1s2 177 179 t61 | 148 | 141 {132 | 1310133 | 131 {12
28 'Suphanbu;L; 129 | 147 i74 | 182 1@8. 155 | 149 jéz' 1341132 _128: 121
29 | Phrachin Buri '132 147{ 161 {162 {152 | 136 | 132 (158 | 127131 34 {128
30 Kanchanabnri 125 | 1511177 182 |63 | 148 144 [135 | 1331127 | 121 116
31 | Don Muang 130 | 148 169 170 [ 158 | 150 | 145 [133 | 132 131 4126 | 119
32 Bangkok-ﬁetropoiis 120 | 136| 153|156 | 144 | 136 132 |126 | 123 {120 119: 13
33 | aranyaprathet 126 | 148 | 166 166 158 | 144|137 129 | 131|130 | 126 119
34 | chon Bufi_ 1311 149) 168 [ 171 [153 | 149] 143 {136 | 131|131 | 131 130
35 | sattahip 140 | 156| 171 {170 [152 | 158 | 151 146 | 139133 | 137 | 139
36 | Chanthaburi 128 | 134 139 | 146 1132 | 123 121 {115 | 117|123 128 | 127
37 .khiong vai 124 | 130] 137 | 137 [ 129 20 119 {112 | 116 hzr | o122 [
28 | xoh ‘sichang 133 :150_ 166 | 171 | 156 | 152 146 139 | 34 137 | 135 {132
39 Hua-H;ﬁ ' 127. 145 165 157 1521 146 139 {132 ' {32 127 11251123
40 .Pracheub Khirikan| 125 ] 141 159 | 164 {154 |- 145|142 {137 140 129 | 128 {127
41 _gpq@phonf 117 [ 133 552 154 1139 | 130 127 150 128 h21 13 111
 4;"_$§£§t_Théﬁ;._j 120 :143_ 158 | 155 [ 142 | 136 135 [131 114 f123 [ 110 {107
'43;i NakH0ﬁ-S%:$h§$ma; ;{6 137] 1571 153 143 | 140 '142 135 { 101 [124 | 110 | 107
lgg;fﬂgﬁpgkhig e = 103 :145 '}53_ 147 {135 | 133 135 1133 | 79 f124 | 113 {116
45 ;:ﬁaréﬁﬁiw5£i _}éT,';136_ isqf 154 .138” 1351 133 [131 57 li2z7 | 115 { 110
,gs;f ggndng33f' ' 339_ 145 158 153 130 § 118] 117 [113 | 109 115. 108 {120
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15. Daily Potedtial evapotranspiration (mn/day)

Unit : millimeter/day

T (onth)
No. 1. Station: R Y DR SR B R R RS ]
' Jan. | Feb.|Mat.|Apr.{May | Jun.|Jul.|Aug. [Sept Octy Nov.|bec,
1 5¢£ieng'§ai z;éé 4,46.4;58'5}531;:b8 4.55:@!5% 4:01 4,2ﬁ.3.éé. 3.49]2.9:
2| Mao Hgﬁg Sorn 3;36 4.1 5.35| 6.76]5.20 | 4.62| 4.23]3.08 4.15 3.95 | 3.73]3.12
3 | ‘Chiengmai 3.34] 4.79) 5,20 5.98]5.16| 4.79 4.34|3.93 |4.13 3;95__3eéé 3.11
4 | Mae sa Rieng 3.46] 4.950 5.75| 6.36{5.34| 4.49 4.08 3.85 4.{7 4.11 35§§ 3.3
5; Lém Pang | 3.50 .4;95'5,37 6.14]5.39| 5.04 4.63]4.26 4.33 }4.03 3f?6 3.29
| 6 | Nan 3.28| 4.74 5!22'5.88 5.{0: 4.78‘4.37i4.00 4.20 4.05] 3.71]3.12
7 | Phrae. 3.48] 4.88 5.48]'6.26| 5.42| 4.82 4.55'4.18'4526'4.03: 3)&% 3.3
8 | Uttaradit 3.67| 4.99 5.31|6.01]5.17| 4.66 4.30]3.99 2.264.26 | 4.09|3.52
9 | Tak 3.7 5,26 5.87 6.58]'5.37| 5.0d 4.6a 4,33 [4.26 3!9@ 3.73}3.33
10 éhitsanulqk 3.63| 4.91} 5.31| 5.83]5.13| 4.77°4.38 4.05 4.27 4.16| 4.02} 3.48
'_11" ﬁaejsOt 3.76| 5.20 5.70 6,3%_5;26 4.5 4.12{3.80 [4.22 |4.20 | 4.10]3.56
121 bhétcnaburi ' 3.81) 5.1 5.676.00[ 5.15| 4.67 4.25|3.93 |4.00 |s.22 ] 4.13] 3.60
13 Phumipol -Dam 3.75| 5.4q 5.99 6.57 5.36| 4.93 4.60]4.53 14,33 }1.04 | 3.86]3.40
" Loei - 3.82) 5.2 5.53 6.09] 5.38 5.14 4.93[4.59 468 45| 4.133.53
15. qun-Tﬁapi 3.61) 4.9 5.32] 5.79| 5.08| 4.81 4.50|4.13 4.37 |4.31 | 4.04] 3.43
'15?._ﬁa#§bn-phanom 3.66| 4.74 5.05 5.53 4.98| 4.47 4.24|3.02|a.24 1.25 | 4.02| 3.45
17 fsékﬁgn_xakorn. 3.68 4.§3 5.26 5.751 4.97{ 4.7 4.55{4.16 4.46 4}35 4.08| 3.48
1 18"| Mukdahan 3.82) 5.00 5.3 5,74'5.02.-4.71 4.3704.1314.50 ja.36 | 4.24] 3.67
.19:;-Kﬁgn;ké9n 'ﬁj_ﬁs ;5;1c 5.41 5.90] 5.22 4.9 4.72[4.29 14.39 [4.22 | 4.19]3.63
féd{i:3§igﬁ£f: J3{é$ '5.00 5.3 5.69|'5.11| 4.9d 4.62 218 4.30 |5.26 | 4.19] 3.69
b'jéifi,ﬁbéﬁ-ﬁgféhétﬁ%ﬁi; .éfoi 5.1 5.35 5.59| 5.01] 4.6 4.52|4.15 4.30 (4.32 | 4.40{3.87
|  §2%:;;?tin_:%- B :3;85::&§§a'5.22'5f39 a.83] 4.5d 4.36 4;94_4.13 4:05 3.97) 3.56
il S : i

334



At
[N

EET e _(Month)
No.j Station ' I D B o
i . Jan.. Fab.|Mar. |apr. |May | gun. qul. [rug. Sopt. 00\ (‘:h‘a\?; l‘m
}?3 _fﬂquqﬁ_Ratcﬁasima 3.86 ) 5.9215.25 /5. 6105, 10 | 5.03] 4,71 [4.33 }. a0 4;10'_4:95 3,62
(34| Sap Muang 3,64 4.6914.7415.090a.68 | 4,720 4.4t [4.03 P17 [y | 37 (3.9
i CﬁaQYQPﬁPm . 4.04 5,34/ 555|599 5.54 1 4.990 4.63[4.30 }.33 |43 _4;52'3.85'
126 | Nakhon sawan’ 3.95] 5.311'5.78)6.22{5.37 | 5.07 4.63|a.31 |1.23 }1.06 | 4.04 366
S 4'?3 5.4215.7015.95(5.20 | 4.94] 4.56(4.25 [1.38 i.zy 4,15 ﬁ;{é
28: Suphan Buri 4.14] 5.255.60{6.08 S.Jfl S..|G 4.8114.57 4,;;7'4_;3(5 4‘_'3&5 3!‘9]
:?5_ Prachin Buri 4.27] 5.261 5.1915.39]4.90| 457 4255 o0 a2y l.23 | aa n‘lj
_36 | Kanchanaburi- 4.02] 5.4005.69(6.0715.27| 4.92 4.64[d4.3614.43 ]4.00 4.ﬂd-3.7§
31 | Don Muang 4.20) 5.2905.43]5.65/5.107 4,99 4.67[4.29 {d.41 .22 | 4.21 3;92
32' Bangkok Metropolis 3.85| 4.85 4.92| 5.19]4.65| 4.57 4.27[4.06 [4.09 [3.86G | 3.9% 3‘53
33 | Aranyaprathet 4.07| 5.27 5.37 5.53]5.08| 4.80] 4.43]4.16 4.3 [1.19] 4.18|3.77]
34 | Chon Buri 4.23 5.30 5,400 5.60/4.94| 4.9 a.62\d.30 037 .23 ] 4.35] 4. 10
_33' :ééftahip 4.52| 5.55/'5.52[ 5.68|4.868] 5.29 4.88]4.69 [4.61 j1.29 [ 4.57]4.47
36' chéﬁthaburi a.13) 4.79 4.4 4.854.27| 4.09 3.00}3.72 [3.00 I3.0u | 4.206] .08
37 | Klong Yai 3.99 4.63 4.42[ 4.56[4.16| 4.000 3.84[3,50 3,88 [3.90{ 4.07| 3,97
38 | Koh Sichang 4.30] 5.34 5.36{ 5.69]5.01] .06 4.76|4.47 |a.45 |a.42 | 4,49 4,24
39 | Hua Hin 4.09] 5.16 5.31 5.58[4.90] 4.89 a4.47[4.27(4.30 W9 4.16{ 3,97
10 pracheuﬁ Kirikan | 4.03] 5.0 5.135.474.96] 4.4 4.58]4.41 [4.65 W17 ] 427400
41 Chﬁmphoﬁ 3.77] 4.79 4.89 5.13[4.47] 4.34 4.1014.83 4,25 {3.91 3.7 3.%7
'éz Surat Thani 3.88 5.1¢ 5.11] 5.16]4.57| 4.574 4.34}4.22 [3.79 3.95 3Lév 4,45
.43 1 Nakhon Sri Tham 1.74] 4.88 5.06 5.08] 4,601 4.67 4,5614.36 [3.35 3.99 3,650 1,45
marat
44 | Songkhla 4.18] 5.19 4.94 4.96 4.35| 4.44 4.36]4.30 2,64 6.00 301 3,015
45 | Narathiwat 3 89| 4.8d 4.89 5.14/4.46] 4.4 4.3614.2301.89 [i.08 | 3.82) 3.56
B | SV I R R S R e N ST |



V(Mohth):-

Station

Jan. | Peb.|Nar. |Apr. [May | Juni|Jull faug.: Fept.f oct.iNov. |bec,

5
o

‘Ranong . [4.18 5.10 (5,09 4.17 {3:923.78 B.65 [3.63]3 90[3.50 b.g6
Phuket 14,61 |5.67[5.38[5.17 |4.26 |4.40(4.27 h.27 |2.72]4.06]4.13 |06

Phuket Airport — [4.32 [5.34]5.07]4.92 fa.40 - 4.24|4.12 Lios 2.95|3.88|4.00 5. 95

(9]

Trang |4.50 | 5:64{5.35|5.16 J4.23 [4.0304.12 B.97 |2.47]3.92]3.89 b.og
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: 6. Potential avapotranspiration slavafi'on, i /month
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