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Abstract

Ladkrabang District,which located in the eastern part of Bangkok, consists of serveral
important territories such as Ladkrabang Industrial EstateKing Mongkut’s Institute of
Technology Ladkrabang,Inland Container Depot(ICD) and Nong Ngu Hao International Airport
project. With its low gradient and annual heavy tropical rainfall(1.20-1.50 mmv/hr),it causes high
flood level in a wet season. This leads to agriculturalindustrial,economic and transportation
problem.

This research introduces the Modelling of Flood Distribution in Ladkrabang district call
System IH. Based on a cell type modelLordinary difference equation by Runge-Kutta and
Mathcad6.0+ software,it use input data comprised initial water level,Gate regulator,pumping
rate,Jocation of pumping station and Ladkrabang geography as prerequisite conditions. These are
compared with CUFLOMM,System I, canal flood management model in Russia Federal,System
II. We found the average relative error of water level about 0.029 % at O 1,200 min” and 0.062
% at OL 30,000 min" respectively. Together with the Modellig of Flood Distribution in
Ladkrabang  district,we also study the effective of pumping rate 5.0,
16.0,33.0,112.0,166.0,222.0,548.0,820.0 and 1094.0 m”/min. And design configulation of Gate
regulator 1 channel,6 meters high,0.8 meter wide,with rainfall intensity 2.65x 10~, 2.65x 10" and
2.65% 10° m/min. In conclusion,it is possible to use our simulation of flood protection as the flood
protection model in Ladkrabang district.
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vy | anunieim] | anwenaim] | szdudunasalm) ﬁ’uﬁﬂﬁ‘lﬁﬂﬂﬁﬂx‘l[mz]
1 4.0 1000 1.84 4.040
2 3.0 1000 1.84 2.790
3 3.0 1000 1.95 2.700
4 6.0 1000 1.97 5.100
5 10.3 1000 2.00 7828
6 6.5 1000 2.12 4225
7 6.5 1000 2.15 3.770
8 13.0 1000 2.19 6.890
9 13.0 1000 2.20 6.630
10 20.0 1000 3.05 16.800
11 30.0 1000 2.95 22.200
12 28.0 1000 3.13 17.640
13 25.0 1000 3.25 12.250
14 24.0 1000 330 10.800
15 20.0 1000 334 8.600
16 15.0 1000 335 4.950
17 230 1000 3.58 15.410
18 18.0 1000 3.69 8.820
19 28.0 1000 423 3.920
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1y A[m] | o7[m] | Aavm] | ABBIm ]
1 A.80,0.815199,.8151919107 20 6500 0.755 69.1
2 admlain,n.dneli,n. e 20 6000 0.886 77.72
3 A.VIT. A8 WONNTZDIA 30 2000 1.141 97.23
4 A.MV812,7.41019 30 4000 1.089 113.67
5 a.8.8.815191007 15 1700 0.610 64.65
6 a.nla,nuen,n.nnY 20 5000 0.280 83.60
7 A13n.0.9108712 20 5500 0.834 82.68
8 A.NDULUNIA.A1A1OU 30 5000 0.563 85.89
o a 4
9 GRIEE e LT TER 32 16500 | 0.337 122.784
10 | a.eu.a.aanseieailseaenl | 20 5500 | 0359 93.18
=t o
55U
= o o Pl
11 ﬂ.i’T,ﬂ.ﬂiznﬂuuiiuﬂ,ﬂ.ﬁuﬂﬂﬂ’l 20 6500 0.504 96.08
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Qs L7
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d A o @
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vy
ﬂ.u@iy,ﬂ.ﬂizlﬂluﬂﬂ
d '8 o
14 ﬂ.ﬂsznﬁuussuﬂ,ﬂ.wnmm‘vs, 30 5000 0.830 1029
A. AR IWN
15 A.mANTTU9 20 1000 1.183 75.66
16 | A.MusIm 15 720 0.773 38.595
17 R 20 9000 0.779 67.58
18 | aeszdiion 20 850 0.868 69.36
19 | A.WISOUNTS 20 850 0.629 64.58
20 | aeundiseiiaga 20 5500 0.499 69.98
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(Steady state flow)ilioTuil 1 weAIN1eY W.A.2540 AT

-3 ‘o’ 4 v
d12.65x10  m/min A3 lNINIsszahsenueniuTiivaaIa

N35319

o : 1 &' A a :1’ dy 8 -
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MI1971 12 mamsmszituusiassemnmsnszneimsluiuiaaansziislae
Tusunsu Mathcad6.0+ 1318 TuT 1 WgAdneY W.7.2540 finnaududu 2.65x

3 e : 1 :
10" m/min 7imdah(Ql) Mvanzan 1.5 min  nsdllddimssEnesihesnuen

Hufvamanseiis

— — . > .

milosy | dumnari | namiusu sedniviaumile | mwdanssuni | WSenivion
aanou | Vi Yiumda [min] | A8 [m] [m/min] [m)

5 6 0.022 5.156x 10" 4534x 10"
6 8 0.022 2.903% 10" 1.355x 10°
7 39 0.014 7.722%10° 9.240% 10"
0.1 10 39 0.014 2.639% 10" 9.174x 10°
11 39 0.014 0.002 1.092x 10°
12 45 0.124 9.472x 10" 1864 10°
13 51 0.010 3.520% 10" 7.018x 10°
5 3 0.063 5.156x 10" 1301 10°
6 4 0.070 2.903% 10" 4243% 10°
7 14 0.059 7922% 10" 3.984x 10°
0.3 10 14 0.059 2.639% 10" 3.951x 10°
11 14 0.061 0.002 4811% 10°
12 16 0.601 9.472x 10" 6592 10°
. 13 18 0.056 3.520x 10° 3766 10°
5 2 0.110 5.156% 10" 2.270% 10°
6 3 0.139 2.903x 10" 8.452x 10°
7 8 0.121 7.722% 10" 8.133x 10°
0.6 10 8 0.120 2.639x 10" 8.059% 10°
11 8 0.129 0.002 1.021x 10°
12 9 0.130 9.472x 10" " 1435%x10°
13 10 0.119 3.520% 10" 7.957% 10°
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T1lsunsu Mathcad6.0+ 131934 1 nyABMaY W.A.2540 finauduny

-4 1 o < -1 °
2.65x10 m/min Mo (Ql) irangan 1.5 min n3dlluimsssueni

pRNUBNHUTIUABIANIZIT

ailos | duiides Gy sdnii | awndanseu ﬂ?ll'lﬂﬂfwhll[ms] '
aaNeU | MV ¥uAA [min] | mileada [m] ih [m/min]
5 48 0.001 5.156x 10" 2.448% 10°
0.1 6 64 0.0007548 | 2.903x 10" 4.600% 10°
5 17 0.006 5.156x 10" 1.216x 10"
0.3 6 2 0.006 2.903% 10 3370 10"
5 9 0.013 5.156x 10" 2.655% 10°
6 12 0013 |2903x10" 7.740% 10"
7 63 0.004 7722%x 10" 2.937x 10°
0.6 10 gl 0.004 2.639% 10" 2.904x 10°
1 63 0.004 0.002 3.419% 10"
12 74 0.029 9.472x 107 3.150% 10°
13 84 0.001 3520% 10" 7.150x 10°

4.4.4 pamsdszivlssansmwszuuszuieihluaniems Ivauuuns
d‘l [ d' o :; k4
(Steady state flow) (38N 1 NWGAINMEY N.A. 2540 NANMUNKY
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T1/suns3 Mathcad6.0+3ip Uil 1 wopdnay W.a.2540 findsuduely

2.65x10" m/min nIdiiimsAndunsesguihufl 9 15 16 17 18 uaz 19

il it | eS| sedinimiw | mideszne audr | Vinanh | Sath
flosy | i | vauada (min) | milends ﬁwa«ﬂ?mqu Az Yaum’] | (o)
an |1 | szezneams | m Yir(m i) 1A | [mymin] [min']
you | v | denfion 9.15,16,
{min] 17,18,19
5 5/4315 0.0000123 3.298 25.5
0.1 6 7/4313 0.003000 548.00 1.857 1.89x10° | 9595
0.3 6 4/4316 0.003000 820.00 1.857 171x10° | 9595
0.6 6 3/4317 0.002000 1094.00 1.857 145.10" | 9595
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seozinawuan 90 wld dmdun 7 10 11 12 war 13 swnsosessulTuanudy
. b 4 )
dunazyiszeznarluanaindn ldedwasads  ilesnn lusidsuani lnaigeduais

UBINAB ﬂi']ﬂﬁ%‘;!%ﬂﬂiuﬂ'lﬂﬂu’lﬂ Y]

; A . : 5 4 o
a5l 16 mamsTinnziuuudassamwmsnsznesihmhuluiuiituamanseiislag
Talsunsar Mathcad8.0+ tileTuii 1 wgadnieu w.a.2540 Hiananuduly

2.65x10" m/min nsdlinsAadunsesguinluf 9 15 16 17 18 uaz 19

M Ui | nevinide | sesmh | ddeszne | aowda | USienh g0
Posv | ha | viaumda Yy uns nssien Yium ] rmin §
an | [min)/szoy | wilenda m?mqmﬁ [m/min]
nou | M | emisiie | [m) [m fmin]thy
i #i 9,15,16,
{min] 17,18,19
5 18/4302 | 0.000098 | 112.00 3.298 204
0.1 6 37/4283 | 0.003000 1.857 1.9x 10" 9595
5 114309 | 0.000110 |  166.00 3.298 229.5
0.3 6 18/4302 | 0.003000 1.857 1.920x 10" 9595
5 7/4313 | 0.00008 222.00 3.298 178.5
0.6 6 11/4309 | 0.003000 1.857 191x10" 9595
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MathCad6.0+ Programme:

oA B = S R - B B
W 0 3 s WO

v oS =
bt et pmd Pt
PWw o ° R

13
14
15
18
17
16

| nd —t . e
© © o w

—
~3

[ 4.0
3.0
3.0
6.0

10.30
6.5
6.5

13.00

13.00

20.00

30.00

28.00

25.00

24.00

20.00

15.00

23.00

18.00

28.00

—
S

C O O O O 0 o 0o o o o C©

©C © O © o ©

FoyasuAuve
(101]  [-1.84]
0.93 -1.88
0.90 -1.95
0.85 -1.97
0.76 -2.00
0.65 -2.12
0.58 -2.15
0.53 -2.19
0.51 -2.20
0.84|2:2[-305| D=
0.74 -2.95
0.63 -3.13
0.49 -3.25
0.45 2330
0.43 -334
0.33 -335
0.67 -3.58
0.49 -3.69
014  |-423]
[1000] [ o
1000

1000 660
1000 0
1000 0
1000 0
1000 3-60
1000 0
1000 0
1000 { q:=| O HP :=
1000 0
1000 0
1000 0
1000 0
1000 3-60
1000 0
1000 0
1000 0
[1000] | o

2.81
2.85
2.82
2.76
2.77
2.73
2.72
2.71
3.89
3.69
3.76
3.74
3.75
3.77
3.68
4.25
4.18

[0

0.88
0.85
0.80

0.60
0.53
0.48

0.40
0.38
0.28

[2.85 ]

-~
i

14.37 |

r

4]

1.76-10

1.76- 104

1.76- 104

1.76~104

1.76- 104

1.76- 104

1.76- 104

1.76-10*

1.76.10%

176.10%
1.76-10*

1.76-104

1.76- 104

1.76-10*
17610
1.76-10*
1.76-10%

1.76- 104

17610 |

oL :

v 1]
VU189 1I19174U89 CUFLOMM H3952UUN 1

6.519-10°

6.519-,106

6.519-]06

6.519- 106

6.519-106

6.519-10°

6..‘519-106

6.519-106

6.519-.106

6.519-106

6.519'106

6.519-106

6.519-10°

6.519-10°

6.519-106

6.519-106

6.519~106
6

6.519-106

6.519-10" |
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1 4 [ v ]
sanmdmssznahveunsesguinlud 3,15 uag 7 MY 3 uag 6m’/sec MuirAY
szozaIduan 3 3l

i=1,2..19

o5 =Li-Bi

Arc:aOfEach]\Jodesi =
TotalareaOfLad := 145000000 m2

19

totallength := Z Li m
i=1

totallength =1.9-10*  m

._ 145000000 2
= .. m

19 !
2L

i=1

(DLi

AreaofCanali =oly
Rainfallintensity :=4.5-10"> m/min
AreaReductionFactor :=0.6

Y ] & 4
anuuiuesniuuinnlunuivesduy
VolumeOfRainfallInEachNodei k- Ri
R, :=4.5.10'3-0.6-mLi m>/min

o by , 4 4
aﬁﬁmﬂnmaauﬂuLmazﬂmmwuﬂﬁﬂm

: 2 . H(Mi,k)_ H
QH1) = kzl i Mi,k"o’“'[B(MLk)]'[(Hi‘Zi)'(Hi'Zi)]' Lot ) 7l Al
1:21,2..1500

t:=180
dou'lvduanluusaziy
grain(t,i) := R, if 15180

0 otherwise
RR(t,1) =qrain(t,i)

& o 4 J '
Nauvlilmﬂmmmw,ﬂsmquu1°1usmazﬂu

qH,i) = [q if H>HP,

0 otherwise

P(H,i) :=q(H,i)
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19
CanalVol := Z (Hi_zi)-Li.Bi

i=1

19
Total VolO := Z (8;- Z,)LB; + RR(1,i)
i=1

6 3 CanalVol =1.083-10°
TotalVolO =1.475-10° m
CanalVol(i) := (Hi— Zi)-Li~Bi

TotalVol(i) := [ (Hi -Z )-Li-Bi] + RR(t,1)

TotalVol(i) ; m® CanalVol(i)
3.201-10% 1.14-10%
2.904-10* 8.43.10°
ho16-10* 8.55-10°
3.753-10* 1.692-10%
4.903-10* 2.843-10
3.861-10% 1.801-10*
3.835-10% 1.775-10%
5.597.10* 3.536.10°
5.584-10% 3.523-10°
9.841-10% 7.78-10%
131310 1.107-10°
1.259-10° 1.053-10°
1.141-10° 9.35-10%
1106 10° 9.10%
0.601-10* 7.54-10*
7.581-10* 5.52-10*
1.18410° 977510
9.585.10% 7.524.10*
1.43-10° 1.22410°

8 »
seauihvesudaieh 1,10,17 meldanrizms Ivauvuasda

0 ] [1.010] [0.840 [0.670

250 1.010 0.840 0.670

500 1.010} - 0.840 0.670

Ts:=| 750 HM1 :=[1.010 | HMIO .=|0.840 HM17 :={ 0.670
1000 1.010 0.840 0.670
1250 1.010 0.840 0.670
1500 | 11.010 | »0.840} 0.670 |




FTHTIMMINAINABYDIUVVIA0Y 1500 WIN

1:=1,250..1500

ji=1,2.7

Gouluuaainsi¥ounsidunsi(linearinterpolated) ¥oatuared 1,10,17:

HMI11(t) := linterp(Ts, HM1,1)

HM10L(t) := linterp( Ts, HM10,t)

HM17L(t) = linterp( Ts, HM17,t)

3 ] ¥
waasnnuduiutvessauihtudasnt, 10,17 seunsssamiluaniazmsiva

E 4 v (]
nuuniInuszaninniton lumsiyeunniduasi(linearinterpolated)

HM1.

HMIL(t)

HMI7,
— 0.5
HMI17L(t)

500 1000
Ts. t
5
T T
1 |
500 1000

HM10.
J

HM10I(t)

0.5

500 1000

91
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msfadisaumseyiusaliy 35 Runge-Kutta
G :=rkfixed(H, 0, 1500,1500,C)

7.6 =67 m:6"" w-6* m-c

H5::6°%" H6 =677 H7.:G" H3::GY” mo.-gi10>

H10:=6 111 =69 112 =63 113 =6 114 2615

<17> <18> <19> <20>

162116 =67 117 268 18 =619 H19 - G

H15:=G"

C(t,H) =

92

9 MLy
at

Q(H,2) + RR(1,2)
02
Q(H,3) - P(H,3) + RR(1,3)
o3
Q(H,4) + RR(,4)
g
Q(H,5)+RR(1,5)
o5
Q(H, 6) + RR(1,6)
o6
Q(H,7)~ P(H,7)+ RR(1,7)
0)7
Q(H, 8) + RR(t,8)
og
Q(H,9) + RR(,9)
99

4 BMioL(t)
at

Q(H,11) + RR(t,11)
211
Q(H,12) + RR(1,12)
012
Q(H, 13) + RR(t,13)
013
Q(H,14) + RR(1,14)
14
Q(H, 15) - P(H,15) + RR(1,15)

915
Q(H,16) + RR(t,16)
916

4 aMi7(1)
dt

Q(H,18) + RR(t, 18)
018
Q(H,19) + RR(1,19)
219
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35 T T T T T T

H1
s

Hl7I

1245

Y R T R
S

0 200 400 600 800

T ¥
MW 31 e nuduiuiseniessmhnnmsfiavestusieg
funa1 lununfny1ves CUFLOMM #5essuni I
msdszliumanuianaa

FinalWaterLevel2 = H2 FinalWaterLevel6 := H6 FinalWaterLevelll := H11 1500

1500 1500

FinalWaterLevel3 ‘= H3 FinalWaterLevel7 =H7

1500 1500

FinalWaterlLevel4 := H4 FinalWaterLevel8 ‘= H8

1500 1500

FinalWaterLevel9 :=H9

FinalWaterLevel5 :=HS 1500 1500

FinalWaterLevell2 ‘= 1—112l 500

FinalWaterLevell3 := 1-113l 500

FinalWaterLevell4 := Hlt‘l'1 500

a=1200



ErHM2 := lml 500~ 991 l ErHM2 =0.027 ErHMS := |H81 500~ o.59|
ErHM3 := lml 500" 0.89| ErHM3 =0.054 ErHM9 = |1-191 500~ 0.58!
ErHM4 := IH41 500~ 0.85| ErHM4 =0.073 ErHMI11 ;= |Hl 14500~ 0.75]
ErHMS := 'Hsl 500" 0.77[ ErHMS =0.027 ErHMI12 := lmz1 500~ 0.64|
ErHMS .= IH61 500~ 0.67, ErHM6 =0.003 ErHM13 = |1—113l 500~ 0.55|
ErHM7 := |H71 500~ 0.62l ErHM7 =0.097 ErHM14 := |H141 500~ o.sz!

3 !
liJ‘Vﬁﬂ“]‘)'{ﬂ'J'llllmﬂﬂ'NilBsiizﬁillﬁ'l5311'31\3“1]‘1}%91684‘71!?71‘!65‘1]

s »
1UU$1989v89 CUFLOMM uazseaurimialaass

10.027] [0.93 ]
0.054 0.90
0.073 0.85
0.007 0.76
0.003 0.65

N R p———
0.009 0.53
0.019 0.51
0.002 0.74
0.046 0.63
0.053 0.49
0.075 | 10.45 |

v £ v
MANURANAIAMATVDIIZAIIN TAMINASAIUIN

12
ErHM.
- J
ErHMC .=
2
=1
ErHMC =0.032

v n' ar :l':u 9 =
fAundgvesszaunialaase

12 g

Z —4 —o0668
12

i1

£

* L
Aundeanuianaaduimivesszaimnily
100-0.032
0.668

=479 %

94

ErHM8 =0.009

ErHM9 =0.019

ErHM11 =0.002

ErHM12 =0.046

ErHM13 =0.053

ErHM14 =0.015



MaNURanaaduNnivesazy

ErHM2 100 =2.926 % EeHMS 100 =0.511 % ErHMIL 100 =0273 %
0.93 0.65 0.74
EHM3 100 =6.002 % ErHM7 100 = 16.788 % EHMI2 100-7347 %
0.90 0.58 0.63
EHM4100 _g 613 o ErAM8 100 =1.778 % ErHMI3 1 50 = 10.891 %
0.85 0.53 0.49
ErHMS 100 =3.487 % EAMO 100 =3.677 % ErAMI4 100 =3287 %
0.76 0.51 0.45
L r o” d’ o J
mszamihm ldnnmsdin las Tusunsu Matheads.o+
[0.930 ] [0.900] [0.850 [0.760 ] [0.650] [0.580]
3.946 7.184 9.101 9.388 8.942 7775
0.991 0.846 2.660 3.017 2.857 2279
HM2 :=|0.934 | HM3:=[0.833 | HM4:=[1.506| HMS:=|1.581 |HM6 =| 1264 HM7:-]0.533
0.934 0.827 1.039 1.042 0.873 0.521
0.931 0.803 0.858 0.839 0.732 0.519
10937 ] | 0.836 J 10777 | 0743 | | 0.667 | 0.523 |
[0.530] (0.510‘ [0.740 (0.630 [0.490 [0.450]
7.047 6.132 3315 4505 5.345 5375
2371 2.123 139 1.676 1.858 1.767
HMS8 .=| 1.098 | HM9 :=|1.155 [HMI11 :=| 1.014 | HM12 :=| 1.083 | HM13 = | 1.086 | HM14 :=|0.958
0.737 0.767 0.841 0.813 0.739 0.59
0.619 0.639 0.773 0.716 0.635 0.526
|0.581 | 0.599 | 0.752 0.686 | 0.603 | 0.505 |

ou lvaasmsienneiduns(incarinterpolated) Yadtluguinag

95

HM2L(t) := linterp( Ts, HM2, 1) HMS6I(t) := linterp(Ts, HMS, 1) HM11L(t) := linterp( Ts, HM11,t)

HM3L(t) := linterp( Ts, HM3,t) HM7L(t) .= linterp( Ts, HM7,1) HM12L(t) :=linterp(Ts, HM12,t)

HMA4L(t) := linterp( Ts, HM4, 1) HMSL(1) := linterp( Ts, HM$, t) HM131(t) :=linterp(Ts, HM13,1)

HMS5L(t) := linterp( Ts, HMS, 1) HMOIL(t) := linterp( Ts, HM9,t) HM14L(t) :=linterp( Ts, HM14,1)
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7 HM2.

2 —J —137m
, 7
j=1

7 HM3.

Z — 3 =147
i=1

7 HMa4.

Z —3 =2399
] 7
j=1

7 HMs.

Z —3 =431
. 7

j=1

7

=2.284 Z
i=1

;

=1.819 Z
j=1

7
=1.855 Z
j=1

7
=1.704 Z
j=1

¥
nasevaszaui lundasilusudnarangiana 250 win

ER2:

ER6 :=

ER1l "=

[ IHM61 - H61| ]

_ | M6, - H6, 0| ]

IHle - H21| ]
|HMz2 - H2250|
IHM23 - H2soo]
|HM2, - H2,
|FM2, - HleOOl
IHM26- H21250|
,HM27-— H2, 500] J

|HM624— HGZSOI

|HM63 - H6500|

750]
|HM6 - H6,

IHM64 - H6

|HM6 g - H6, 550

’HMIIZ—Hllzsol
|HMII3— H11500|
IHM114- H”7sol
IHMIIS— H”loool
‘HMIIS- H111250|

[ [HMIII - Hnl[ ]

_IHM117-H1115001 |

ER3:

ER7 =

[ |HM3l = H3ll ]

|HMs2 A H3250|

|HM33 - H3500|

750|
|HM3 - B3, g0

lHM34— H3

|HM36 £ H31250[

-IHM37- H31500| |
[ ]HM?I - H7l| ]
’HM72 - H7250‘
IHM73 - H7500|
|HM7 .- H7750|
[HM7 - H7, 549

,HM76 - H71250I

ERI2:=

| |HM7; - HT;50] |

|m\4122 - H12250|

|HM123 - H”soo]

750[
|HM125— H121000|

lHMlZ 4- HI2

|HM126— lemol

[ IHMlzl_lell ]

_ lHM127— Hnlsool |

1 —1262

3 =1.444

J —1.537

1 =1.454
i lHM41—H4l| ]
’HM42- H4250|
IHM43 - H4500,

ER4 := |HM44"H47SOI

ERS :=

ER13:=

‘HM45 - H41000|

IHM46 = H41250] _
'|HM47— H41500! |
[ |HM81 ~ Hsl, ]
]HM82 - H8250,
IHM83 \ H8500|
IHMS 4" H8750|
[FM8 - H8, |
|HIM8 - H8, |
| |HMS8; - H8) 549 |

lHM132_ H13250|

,HM133 - H13sool

750|,
|HM135 - H131000|

|HM134— H13

lHM136— Hls'mol

I |HM131—H131| ]

_'HM137_ H131500I |

ERS:

n

ER9 =

ER14:=

96

[ IHMSI-HSII ]

|HM52 - H5250]

IHMS3 - H5500|

7so|
IHMSS - H51000|

|HM54— H5

IHM56— H51250|

_IHM57_H51500|J
[ lHM9l—H9ll ]

IHM92 - H9250,

IHM93 - H9500’

IHM94- H9750l

[HM9, - H9; 00|

[FMOg ~ HO\ o

| |EM9; - B9, 549 |

[ !HM141_H1411 |

|HM142 - H142501
’HM143 - H14500|
IHM144- Hl4750|
IHMI45 - H141000!

IHMI46~ H141250|

.|HM147— H141500| |




3 i v ar °y 4
mmﬁﬂmmwamai:ﬂumﬂuqumme

Node 2
. j]
AverER2 = —
>
j=1
AverER2 =2.278-10™%

PAverER2 := AverER2-100
1.372

PAverER2 =0.017 %

Node 3

7
ER3.
N j
AverER3 = —_
2
i=1
AverER3 =1313-107%

PAverER3 := AverER3-100
1.747

PAverER3 =0.008%

Node 4

7 ER4.
j

AverER4 := E S
k 7
j=1

AverER4 =1.936-10"%

PAverER4 := AverER4-100
2.399

PAverER4 =0.008 %
Node 5
7
. ERS.

AverERS = Z _

) 7

j=1
AverERS =3.019-1074

PAverERS = AverERS-100
2.481

PAverER5 =0.012 %

Node 6

7 ERs,
AverER6 .= —
7

AverER6 = 1.94+107%

AverER6-100
2.284

PAverERG =

PAverER6 =0.008 %

Node 7
7
ER7.
5 j
AverER7 := AN
PIRE
=1
AverER7 = 1.643+10"%
PAverER7 = MI_OO
1.819

PAverER7 =0.009 %

Node 8
7
ERS.
AverERS = Z ifa)l]
X 7
i=1

AverERS =2.58-10"%

PAVerERS = AverERS-100
1.855

PAverER8 =0.014 %

j=
AverERY =1.558-10 %

AverER9-100
1.704

PAverER9 :=

PAverER9 =0.009 %

Node 11

7 ERIL

. )
AverERI1 := _
Z 7
ji=1

AverER11 =1.631-107%

PAverERI1 := AverER11-100
1.262

PAverER11 =0.013 %

Node 12

7

ERI2.

AverER12 := Z 4
7

j=1
AverER12 =1.52-10 %

PAverER 12 = AVerER12-100
1.444

PAverER12 =0.011 %

Node 13

7 ER13.

AverERI13 := Wy
74
j=1

AverER13 = 1.807-10™%

PAverER13 = AVerER13-100
1.537

PAverER13 =0.012 %

Node 14
;
ER14.
AverER14 = Z |
) 7
i=1
AverER14 =2.185-10™%

PAverER14 = AVerER14-100
1.454

PAverER14=0.015 %



MANUHANEIANYNY 250 1IN

(2.278710'4
1313.10°*

1.936-10° 4

3.019-10-4

1.94-10'4

4

1.643-10°
AverER :=

2.58.10"%
1.558.10" 4

1.631-10'4

1521074

1.807.10°%

2185104 |

12 AverER.
AverERAllpoint := Z J

: 12
j=1

AverERAllpoint = 1.951+10~%

fundsanuAanaIaduINI AN 250 WA

1.951-10" % 100
0.668

=0.02%%
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» v
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MathCad68.0+ Programme:

19

13
11
15
13
17
15
17

(=R I - T N SV =

— — —_
S @R g e 3

21
20

y
LGHE]

(= -]

a g o : s {
suadveauUTIasuiwesnass lulsemai T vSessuud o

[5.31]
531
531
531
5.31
5.31
5.31
5.31
531
531
5.31
5.31
531
5.31
5.31
531
531
5.31
5.31
5.31

531

[3.38
3.38
3.78
4.0
43
45
47
4.8
5.0
5.0
4.0
4.46
4.76
45
45
467
4.8
5.0
5.0
5.0
| 5.0

e~
U

4

[3.0
3.0
3.0
3.0
3.0
1.25
1.25
1.25
1.25
1.25
1.25
1.25
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

[ 200

550

1350
1900
1850
2150
2100
2100
3000
3350
2100
2400
900

1100
1400
300

1400
1300
1150
2100
2700 |

=12625

[ 600 ]
1650
4050
5700
5550
2688
2625
2625
3750
4188

3000
540
660
840
180
840
780
690
1260

1620

OOOOOOOOOOOOOOQOOOOO

[37.8]

—

100



wou'luSudy:
sasmdsmsszmneiunsesgminlui 1 vy 378 m%/min

» 3 v
sas1ms Inavsai luusaztuvesiunfinu Iag Tusiunsy Mathcad6.0+
) - H.

3 H(Mi,k i

Q(H,i) = kgl i Mi’k:O,a-{B(Mi’k)]'[(Hi"Zi)'(Hi_Zi)}. IW

2(,0

4 o 4 & '
Rou'lymshnuveuniesguihluudaziy

B(H,i) = |q; if H;-Z,>1.92

0 otherwise
1:=1,2..21

0 ::Li'Bi
t:=1,120..480

j=1,2.5

C(t,H) =

Q(H,1)- P(H,1) ]

101

9
Q(H,2)
2
Q(H,3)
@3
Q(H,4)
94
Q3
o5
Q(H,6)
0g
QH,7)
o7
QH,8)
o8
Q(H,9)
o9
Q(H,10)
10
Q(H,11)
011
Q(H, 12)
12
Q(H,13)
013
Q(H, 14)
14
Q(H, 15)
o015
Q(H, 16)
216
Q(H,17)
017
Q(H, 18)
218
Q(H,19)
@19
Q(H,20)
®20
Q(H,21)

©21




iseulvmssnnuvesusinesluglsm3ng
hour =3600

min '= 60

Npoints = 480

timestep '=0.5-min

. .. timest . .
simulationtime := m-Npomts-mm
hour

simulationtime =240

I:=1,2..480

@ A

o o o
mimmmﬁmﬁumsagwuﬁmum 7% Runge-Kutta

£:3

G = rkfixed(H, 1,240, 480, C)

102

126" =G | _ 2 AGS iz g™ [ Hal-657) L N HS 2GS
H6:=GY~  H7:=G  H8=GY mo=6"""  H10=6TM”  mHI1 26T
22637 H13:=6"%" 14267 w1156 m6=6""" m17:-:6%7
H18:=G6 17" H19::6"  m20:267 w2126

6 T T T T

0 50 100 150

T

4 o o ' a : o '
/NN %.38 uﬂmﬂ3mfmwuﬁsxmwsxﬂnmmnmsmmmmmﬂumaq

F . v
funa lunuifnmaasslulsemasm@s usessuun o

200

@=293843



Y 1
mMsdszidiunanunanaaveanszaniiuIil

DifWaterLevelSimulated3 ;= H31 - H3 480
DifWaterLevelMeasured3 := 0.2
DifWaterLevelSimulated5 := HS1 - HS 480
DifWaterLevelMeasured5 :=0.17

DifWaterLevelSimulated7 .= H71 - H7 480

DifWaterLevelMeasured7 := 0.14

ErHM3 .= | |H3l -H3 0.26|

480] -

ErHMS .= | |H51 - HS5 0.24'

480| ]

ErHM7 .= l |H71 -H7 480| i 0.20]

0.024
ErHM :=|0.026
0.002

0.26
HRL =024
0.20

v d a o e o
mmaﬂmmwﬂwamﬂlmizﬂuum%’fﬂmmsmmm

3
ErHM.
j
ErHMC =
2
i=1
ErHMC =0.017

4 v o)

v

- 9

SuAutazuigaie

' t:{ v Y : P = Y Ao ~
ﬂ'uﬂﬁEJNaﬂ'1\3ﬂlﬂ\ﬁ391Uu'l‘VluTﬂliuﬂuuﬁ3“1'”?!9171'187]'19115’%5\1 .

AMNATANUAANIATURANT

100-0.017
0.233

=7296 %

103
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ErHM3-100 _o o0 o
0.26
EfHMS 100 _ 0 oon,
0.24
ErHM7-100 _ ) oo,
0.20
¥ Qs o” d' o
mszamim ldanmssiuia Tas Tusunsy Mathcads .0+
1 5.310 5.310 5.310
120 4.047 5.102 5.190
Ts :=| 240 HM3 :=14.034 HMS5 :=| 5.063 HM7 =} 5.141
360 4.028 5.050 5.120
480 4.026 5.044 5.108

[RoulunaasmsiFounnidun sy lincarinterpolated) va9LuS1984

HM3L(t) := linterp( Ts, HM3,t)
HMSL(t) := linterp( Ts, HMS, t)
HMT7L(t) := linterp( Ts, HM7, 1)

msdsziuamdsanuianaia lusnavesmsiiuan Taolusinsy Mathcad6.0+

Z — 3 —4289
5

5 HM3.

—

i

Z —5—_3 =5.114

5 HMS.

—

i

HM7,
—d =5174
5

Mo

]
—

J

naevesszauh lundazyudadanndranar 120 wii

[ IHM31— HBII I ]HMs1 - Hsll [ |HM71- H7ll
|HM32 - H3120| IHMS2 - H5m| |HM72 - H7120l
| ER3 = IHM33 - H3240| ERS := |HM53 - Hs, 40‘ ER7 := 'HM73 - H7, 40]
|HM3 .- H3360| IHMS 4 H5360l |HM74 - H7360l
-IHM35 - H3480| J _IHMSS - H5480| | _ |HM75 - H7480|




v E Y
AnasvoIRanIaszaniudeds

Node 3
5
ER3.
o J
AverER3 = —
2.
j=

AverER3 =0.8

AverER3-100
4.289

PAverER3 :=
PAverER3 =18.653 %

Node 5

5
. J
AverERS = —
2
j=1
AverERS =1.029-10~4

AverERS-100
5.114

PAverERS ;=

PAverERS5 =0.002 %

Node 7
5 ER7.
AverER7 = Z _J
. 5
=1
AverERT =1.64-10"%
PAverER7 = ____AverERT 100
5.174

PAverER7 =0.003 %

MANUAANDIANYN 120 UIA
1.020-10°*
AverER =| | 64.10"*

1.64- 10'4

3 AverER.
AverERAllpoint .= Z 3 J

i=t

AverERAllpoint = 1.436+10™%

AURAIANUAANAIATURNTNYN 120 UIN

/ )
(1436.10°%)-100
0.233

=0.062 %

105



106

L&A}
odvllve

saasmsnfSauieumssaviitialdswasoinmssunalasuuusaessiiaue

s
HM3L(t) :---52AUH9IMIAUIN

v
HM3 sz ¥a1de5e MANUAANRIA = 18.653 %
6 T T I T T T T I T
HM3, S
XX 5 = \\ —
HM3L(1) NG
- ~
-
\\
\\
4 1 [ seeereflnee Xe gt RYZ 1T % N VT . N T
0 50 100 150 200 250 300 350 400 450
Ts.,t

J
1 4 v
A 9.34 uaasnnuduRusssnesEauhnmsa i lasuuiiasdiays

o BlD a P A d= ) P
llﬁzizﬂﬁu’lﬂ?ﬂqﬁﬂsqmﬂ\?ﬂu‘n 3 YRINUNANHIVIOTSUUN IO

E
HMSL(t) - 52aU1H9NIsAIUIN

b4
HMSJ. ——-szdniin 18954 AANUAANRIA = 0.002 %
6 T T T T T T T T I
e aey
vee sk m‘-'-’“m“m“m“mﬂ*“m“m—.m“o“m«m“m;
HMS5L(t)
4 [ I ! I l i 1 [ ]
0 50 100 150 200 250 300 350 400 450
Tsj t

NN 485 uaasnnudiutsznhszamhninmsius lasuuuiaeiaue

o o de a 4 . & de & o
sazszaminialdassvestum 5 VOINUNFNEINITOTEUUN IO
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3
HM7L(Y) :-— 52AUI9INISAIUIN

v
HM7, ———szauiialdesa AMANUAANAIR = 0.003 %

6 T T T T ] T T T T
HM7_] “m“"““"‘"’»*»mmmm.‘m“m“m“m“mumo—mm“0-040-‘.-.-.4
LX X3 5 . —
HM7L(1)

4 | 1 I | | i i | |

0 50 100 150 200 250 300 350 400 450

Ts,,t
J

1 @ a v @ :’ o o {
MmN .36 llﬁﬂ\?ﬂ'ﬂﬂﬂﬁwuﬁ53”']']\3539Uu']il"lﬂﬂ"lﬁﬂ'lu'JﬂlIﬂUllUU?']ﬂﬂQﬁlﬁuﬂ

ar oy o Y a P .3’ A L= P
uazsxﬂnmmﬂ‘lmswmﬂuﬂ 7 YUBINUNANYINTDISUUN IT
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. 109

o as ? é’ e v A o P ~
uﬁﬂ\wﬁﬁﬁﬂﬁ?ua]/(xz‘llOQ‘W'NﬂﬂﬂB']L‘Uﬂ’d'lﬂﬂiziNmﬂ'Ju‘Yl 1 NORINMEU W.7.2540

Concrete node
& No concrete node

Aﬁ’ o r 4:’ A as =} d’
NN A.37 u’dmmtu1umuazm;muaﬂmmwunﬁﬂymﬂmﬂnszm nIgITyuUn I

MathCad6.0+ Programe:

¥ 3 y v
Tayasuduvesmsiiassaammsnsznoimluiufimamans s

[2 5200 [ 6500 ] [20 [2.7 (3.455' [0.755] [130000 ]

1 3 0 6000 20 3.0 3.886 0.886 120000

2 4 0 2000 30 2.1 3.241 1.141 60000

3 8 0 4000 30 2.7 3.789 1.089 120000 ?

1 6 11 0 1700 15 27 4310 0.610 25500 )

2 5 7 12 5000 20 2.4 4.180 0.780 100000 4

3 6 8 13 5500 20 23 4.134 0.834 110000

4 7 14 0 5000 30 23 2.863 0.563 150000 Z

100 0 o0 16500 32 3.5 3.837 0.337 528000 7
Mio| O 115200 }s500 Bee| 2| pa|33] .| 469 2:2|03%9 ) | 110000 NoConcrete < 8

5 10 12 16 6500 20 33 4.804 0.504 130000 o

6 11 13 17 9000 20 2.5 3.887 0387 180000 .

7 12 14 18 5500 20 2.5 4.444 0.944 110000 1

8 1319 0 5000 30 26 3.430 0.830 150000

100 0 0 1000 20 29 3.783 0.883 20000 :Z

110 0 o 720 15 1.8 2.573 0.773 10800 0 J

120 0 0 9000 20 2.6 3.379 0.779 180000 )

130 0 0 850 20 2.6 3.468 0.868 17000

40 0 0 850 20 26 3229 |0.629 17000

1100 0] |5500 | 20 | 3.0 | 3.499 | 0.499 | 110000

Concrete .=

[3]
10
15
6
17
18

—

19|
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idouTuiSudu:
j:21,2..20
i.21,2.20

®; .:Li-Bi

al =1

a2 = 12961
AINTOUNUA al,a2 Tundaznsdl 141D 1,160,480,1440,4320,13000

GN(i) := |ae12961
for je 1,2..13
ae-1 if i=NoCon<:rete-i
a
Alpha(i,j) := Jal if (GN(i)=1)-(GN(j)=1)
o2 if (GN(i)=12961)-(GN(j)=12961)
(al +a.2j-0.5 if (GN(i)=1)-(GN(j)=12961) + (GN(i)=12961)-(GN(j)=1)

o j = Alpha(i, j)

o o ' 4 4
9513 Imave i luudazurssiiufinnu

4 2 H(M k)‘Hi
H,i):= i . A B {H.— 7\ bi) 21
Q(H, i) kg:l M; 120 q"(Mi,k) (Mi,k) (H1 1) L(Mi’k)"'Li 21,0
1:=1,2..1440

3 »
seanivenluilaei 1,2,3,4,8.9,14,15,16,17,18.19 n1eldanazms manuunga

[ 1 ] [3.445 ] [3.886] [3.241] [3.789] (2.863 ] [3.837]
288 3.445 3.886 3.241 3.789 2.863 3.837
576 3.445 3.886 3.241 3.789 2.863 3.837
Ts:= HM]1 := HM2 ;= HM3 .= HM4 .= HMS := HM9 :=
864 3.445 3.886 3.241 3.789 2.863 3.837
1152 3.445 3.886 3.241 3.789 2.863 3.837
1440 | 13.445 | 13886 | _3.241J [3.789 | 2.863 | 3.837 |
[3.430 [3.783 1 [2.573 [3379] (3.468 ] [3.229 3.499
3.430 3.783 2.573 3379 3.468 3.229 3.499
3.430 3.783 2.573 3.379 3.468 3.229 3.499
HM14 := HM15 = HM16 .= HM17 = HM18 ;= HM19 := HM20 =
3.430 3.783 2.573 3.379 3.468 3.229 3.499
3.430 3.783 2.573 3.379 3.468 3.229 3.499
3.430 | 13.783 | 2.573 | 13.379 | 13.468 | 3.229 | 3.499 |

ITVTNIMIHARAYUBIUVUIY 1440 T
mii := 60

hour .= 60-min

t:21,288.. 1440

j=1,2.6
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Reou lvuaaimsiyeudaidunsi(linearinterpolated)vasiiinlans

HMI1I4t) := linterp(Ts, HM1, 1) HMBI(t) := linterp( Ts, HMS, ) HM161(t) := linterp( Ts, HM16,1)
HM2L(t) = linterp( Ts, HM2, 1) HM9L(t) := linterp( Ts, HM9, 1) HM171(t) := linterp(Ts, HM17,1)
HMB3L(t) := linterp( Ts, HM3,t) HM141(t) := linterp( Ts, HM14,1) HM18L(t) := linterp(Ts, HM18,1)
HMA4L(t) := linterp( Ts, HM4,t) HMI151(t) := linterp( Ts, HM15,t) HMI19L(t) := linterp( Ts, HM19,1)

HM201(t) := linterp( Ts, HM20,1)

t 4 v £
uﬁmmmﬁuwuﬁ'ﬂlENszﬁnmﬁﬂnﬂawszmnszﬁuﬁﬂuamazms"lnmmumm35’11

Qs Oy A 4 A
ravthnnteu lumsiFoudeidunsa(linearinterpolated)

4 T I 4 I T
3 - 3~ ~
HMI, HM2,
-1 "
HMIL(t) HM2L(t)
- - 2 - ¢ ¥ - - Z — a—
) I l 4 I l
0 500 1000 0 500 1000
Ts.,t Ts.,t
4 T T 4 j T
3 - 3 —
HMS3, HM4,
9 eyl
HM3L(t) HM4L(t)
- 2 - — - 2 — -—
) l ] . ] |
0 500 1000 0 500 1000
Ts.,t Ts.,t
3
4 T I 4 I '
3t — 3 —
HMS. HM9.,
- T
HMSL(t) HMSL(t)
b N | = b _
; ] I ) I ]
0 500 1000 0 500 1000



4
HM1s,
T
HM14L(t)
-- 2

1

3
HMI6.

j
— 2
HMI6L(1)

1
4
HMIS,
T
HMISL(t)
-- 2
1
4
HM20,
T
HM20L(t)
-- 2

500

500

500

1000

HM15.
J

HMI1514t)
-- 2

3
thl%

HM17L(t)
< 2

HM19.
J

HMI9L(t)
-- 2

500

500

1000
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Mewlymsdnamwesunsaesdugamsndg

MsfinnudsgumseyiuTasiy 3

G :=rkfixed(H, 0, 1440, 1440,C)

T=6""”

H5 .':G<6>

H10 =G-11”

H15 =616~

H20 =G21>

HI =G>
H6:=G~
H11 :=G1%>
Hi6:=G"17”

s acg

H2 =67

H7 =6

H12:=G"13”

H17:-G18>

5 Runge-Kutta

H4 := G<5>

Ho:= 6107

H14 :=G<15>

H19 =G 20>

C(t,H) =

4 uM1Lqr)
dt

4 Hma141y
dt

4 mM3rqr)
dt

9 HmMarqr)
dt

)
®5
QA6
g
Q)
o7

4 HmsLqr)
at

9 HMo1(1)
at

QU 10)
10
Q(H,11)
o11
Q(H,12)
@12
Q(H,13)
013

4 HM1aL0r)
dt

4 mMisL01)
dt

4 mmisLey
dt

4 mM171)
dt

9 uMigLq)
dt

9 Bmi91qt)
dt

d
—HM20
™Mo |
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NN 7.38 uamﬂ'Auﬁnﬁuﬁ's:mnszﬁ'umﬁa1ﬂmsﬁmmﬂmﬂugmﬁﬂmaﬁunm

1 4
uaawmadnivesszaihuguinansninmasiuan Tas Tusunsy Mathcads 0+

d:’ 4; Qr e} o
Tuiuiwsaianseiis uSessuus m

200

400

wamRvedsTAUINgudna

ErHMS := |H5
ErHMS6 .- IHG

ErHM7 = |H7

ErHM10

ErHM11

ErHMI12 := IH12144

ErHM13

¥ L d +
umsncif"umwamwaaizﬁnmﬁnmszﬁuﬁmnﬁummﬂnguﬁﬂaN

ErHM =

= IHIO

= lHll

= ,H13

[0.993 1
0.999
0.117
0.021
0.729
0.639

1440

1440

1440

1440

1440

1440

0.042 |

- 3.310!
- 3.180|

- 3.134|

0

HRL:

1

- 3.659[
- 3.804{
- 2.887'

- 3.444'

[3.310]
3.180
3.134
3.659
3.804
2.887

[3.444 |

ErHMS =0.993

ErHM6 =0.999

ErHM7 =0.117

ErHM10 =0.021

ErHM11 =0.729

ErHM12 =0.639

ErHM13 =0.042

1400

114



115

v v
Aundgnadnvessyamhusudnae

7

ErHM.
ErHMC := Z J
. 7
i=1
ErHMC =0.506

LN )
o A

fumdoszaniiia 1deSwweslugudnans

£

7 g

Z — 3 3345

7

j=1

' P P a e S P
ﬂ11‘1Jammmmatm'mmﬂwmﬂanwnmmszﬂumﬂufmunzm

100-(0.506)
3.345

=15.127 %

15027 _ 0 o
100
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NYATMEY WA 2540

o 5 3
ammﬁ"lﬂammm[m sec]

vnetavly ﬂ’JTNl%’Jﬂizlla’ii’l[m/sec]

1 0.0075 975
2 0.0084 1008
3 0.00105 63

4 0.0051 612
5 0.00345 87.975
6 0.00045 45

7 0.00795 874.5
8 0.0006 90
9 0.0003 158.4
10 0.0003 33
11 0.0003 39
12 0.00045 81
13 0.0042 462
14 0.0003 45
15 0.00285 57
16 0.00105 11.34
17 0.00045 81.0
18 0.000 0.000
19 0.000 0.000
20 0.00285 313.5
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(Current velocity meter)

W0 Swoffwer 3 3000

nandaaflsmaangomsn
4 & oy 4 t ° <
1nF0aiadns M3 lnavonszumit 800 Swoffwer U 3000 eUNTIMUI DY
» ¥ [
uazilszananadoya anuFnszumbh mssznod edszfuamuznsallumasu
} 4 ¥ ¥

Ju 3000 @nnsadaldnsluniay dadedufiniomasaeduii Imode MsTHNUNIAY 4
mode A®

_ Calibration mode mode A lumstsumoulumaemnulasmsan Prop WU
vhilszoemad I 3000 923NITHUS I pulses prop pitch ILIINTAIUIN
- Count (count revolutions) mode “l%"luﬂ“usﬂ’uﬁwmusauﬁmgus 81 prop Tuganm
Wﬁl\i éaﬁwmuﬁauﬁwuuﬁvﬁzuﬂsﬁummmmm prop Lla¢ rotor assemblies C?;Q mode f;ilz
14y USGS Price Type AA l1a% Pygmy meter %39 swoffer optic retrofit(model 2200) sesor
- Velocity mode 1%"11.1msﬁmammmﬁ"'mmnszuﬁﬁy‘nﬁ'lﬁavhu Sensor

v
- Discharge mode 1 lumsfunmdasimsszuioi

Y] A
2.5 IUYBIUAT B4
Y 4 ¥ 4 3 [ Iy ]
- na PWR mailansonaziiiedsimstamieanlina PWR wusu@ lulinena
udhulagu 20 winsesezdaesdnTuld

A A a9 @ dy
- Wolansesazintinvonsil
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’ b4 »
naanfdszermaniz Jauda1ne Enter Bnas miheouziudagy

[ v ) k4 »
sioundeaEuduldnauslu Count naniisfuthninelvna count Bnasmilaszlani

907331

F1 Mdesmsondnmsinuldneudu B Mdesmsnduliiangamulnilinaudly

Shift reject uatAvamssuaiialalinauilu Enter

2.1 Count mode

1¥as29a0un151UY8a rotor 1WelF1un5 rotor maintenance Tnongannands
propeller YU 2 'ﬁ,”JL‘U”Iﬁ"lJ rotor assembly aautlu count Tddau sensor pulse/revolution 51:;\1
avseziflu 4 na Enter 1n3092 1% Time period msﬁya"l%'qqq dszanar 100 w1
sensor aovluemminluil swudadn ussquiiieshlfuaziuiiiings Propeller 1Hna
utlu enter Fanasozvyuld 350-400 pulse et lRmuifisimuaniseznacoulnitn
aduazdr 1 169nA1592 disassemble the rotor assembly LAZIANUATOIND LA EOY
Worn part
' 2.1.1 msﬁga averaging time
msfmnuaiesdestuamneulasnmsnaudu shift uazuflu AVG TIME #s

9 4? '
NUIRDISUVUN

y ¥ v
Faaw 20 Husmdanonlssnudeansoud lvidTaonsiunaa T 1

ud2na Enter
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2.2 Velocity mode
o o o Y e ) ¥
¥ msusinsannuialu Open channel MATald linanunsafiulu Mode i34

§1904M15 upload MenAIIH1F DISCH mode Aoufvzly Velocity mode szdDudon prop
[ v ¥ .
noudgluniilfion Prop = waznawiy 20 3wfi neutly Velocity i prop oglu
o ' A o Yaw a & A4 A v o 4 Yy
dmmilaneziaudaling Enter na Enter dnnfuiosudunmsda  ieasunaudmihae

&
WUUIN

fman1sInl¥1dina Enter natdvanmsonidanamsdatiiieiumnling Shift Reject

2.3 Discharge mode
2.3.1 Entering the discharge mode 1 section ﬁms&ﬁn%ﬂgﬂ(stations umn

A O)station asauand Tavldudiu shift up| %39 shift down t
2.3.2 15aulAaY section
- N8 DISCH
- flouday section Nay

9/ 13 '
- U0 UYUN

. . P :" A 9 dy [}
- 1A Shift Reject BAATUNDIZAL HUWBUYUN

ufrm:h”lu Section S "laiﬁi’fau"a Station
2.3.3 35auNn Section
23.3.1 vnniesusn nautlu DISCH Mode

2.3.3.2 10N section = 101 AZNA Enter
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2333 NA shfit reject  9zaudoyann section uadnauilu EBsc szonidanisay
section
2.4.4 Discharge Mode Data Entry

- ¥89910NA Enter 919

- A station IAB3IFOT9zEYN Sta IHRNWANUNA9IA Zero point UaE AR Enter
¥
- nautly Depth TiRuiaNuERvOIsNIMELNA Enter
MINEIme 1. ANUANNTD station szABtlounTuig velocity mode Tiamnsaflowdhou
n3uaY station 9z gnilounudnernsuiiugudud station Aoslisminndi o
2. model 3000 92 lajoygnaldiay 2 station Ununidoudu Siuiaundouius
a ~ o
980 Mode 3000 9znau lulfigud

- AR Velocity iiweoziily

NA Enter %Zulﬁ?l,

e Propeller M ludmnusindouszinling Enter oudusa Velocity(@

Avamsondnmsin velocity Winaudly Esc niveovzitiy
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é’l o R ? . 9
AA Enter 1W01uiing Velocity nii1vesziily

. . Y & L) [ R q’/'
A shift reject WAUVDYAMINUATINITY station U

AR Esc ABUIAINNAIY Shift reject 921 uNn(1uaw) station

3. Transfer Data to Computer

foya station funul¥aunsamedeyalids pc. Taudousin Model 3000 lalda
Comp port A28 RS232C Swoffer 92 1% DBY

3.1 Copy 2 & (M3KEXE uaz TRANSFERTXT) 1nunuly directory 1vsilu

d A 4

grianan

3.2 %@ RS232C 159W5E1319 model 3000 1Y Comp port

3.3 910 C> 11%’?111’7 cd swoffer\3000xfer

= do ¥ 9 9 A Sl s a @ W ]

3.4 fifh M3K Burssauazawdoie Ianunn liifu 8 donysuasdiuves

T 3 fdnbs ndwmiuide Ilauds Bulssamudisiay 1 (CoM1) n3e 2(COM2)
L)

fotaruszdeie 1Md31 TEST 1 wwena TXT uaz port com 1 91ANIINE Coswoffer>
3000xfer fi 19#ANHN TESTL.TXT 1

] ¥
35 Lﬁ?ﬂﬂlﬂ?ﬂﬂ model 3000 §1MSUNS transfer 1ABAA shift tranfer ﬁﬁﬁﬁnmzﬁum

3.6 NAIAUUBY section (U 1,2,3,4,..)

9
37 A9NUUMIID9ZUAAS serial number UYDI model 3000 LAY version DI

software ﬁ'ﬂg il
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. L
3.8 gunsogdoyan up load 1 TAE1F text compatible Faldhad190z1iu “comma
delinited ” msadoyaini laomsAiuy EDIT TESTL.TXT w3ee19i3unH11 EXCEL lay
¥ 4 A ¥
YoyaiidionszAvnun@ay Comma
A& A 4 Y a &
3.9 BNV load section DUTABINA Esc 1 Shift Tranfer DNAII
o o s/ os;’ 4 o «’f v g o
3.10 §M3UMS Upload Toymianuaszdeh 2 Tuasulasiaiiudiu 2 Idlae
Idusafiudiuues 50 sectioniisnlaiden section 101 @i 50 sectionndaldiidion
v | 4 v
section 102 Gana 2 nsdideyalu section 9% upload 1111l lulWd%e0zuonTay  section
2 4 o A4 o v . P
number Hieu130NIzARADNNTOAALAZ A INNABING 11 T151NTY speac sheet section #

a9 1 e’;’ a
UUBYAMUUNIE Upload
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dloTui 1 weelnou wer2s40  meldaniizms vauvuasia
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Concrete node
€% No concrete node

Scheme of Ladkrabang District boundy study.

MathCad68.0+ Programme:

v 4 v ]
Jeyaisuduvswuuiassannmsnsznnivinluiuiiwaaiansed wieszuud m

[2 5 20 0 [ 6500 ] [20] (2.7 [3.455 [0.755]

I 3 6 0 6000 20 3.0 3.886- 0.886

2 4 70 2000 30 2.1 3.241 1.141

3 8 0 0 4000 30 2.7 3.789 1.089

1 6 11 0 1700 15 2.7 3.310 0.610

2 5 7 12 5000 20 2.4 3.180 0.780

3 6 8 13 5500 20 2.3 3.134 0.834

4 7 14 0 5000 30 23 2.863 0.563

10 0 0 0 16500 32 3.5 3.837 0.337

9 11 15 20 5500 20 33 3.659 0.359

L= B:= D= H:= Z .= =

5 10 12 16 6500 20 33 3.804 0.504

6 11 13 17 9000 20 2.5 2.887 0.387

7 12 14 18 5500 20 2.5 3.444 0.944

8 1319 0 5000 30 2.6 3.430 0.830

10 0 0 O 1000 20 2.9 3.783 0.883

11 0 0 0 720 15 1.8 2.573 0.773

12 0 0 0 9000 20 2.6 3.379 0.779

130 0 0 850 20 2.6 3.468 0.868

14 0 0 O 850 20 2.6 3.229 0.629

1 100 0 | 5500 | 20 | 13.0 | 3.499 | 0.499 |

1130000 ]
120000
60000
120000
25500
100000
110000
150000
528000
110000
130000
180000
110000
150000
20000
10800
180000
17000
17000

110000 |
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1=1,2..20
u)i ::Li'Bi

¥ £ I3
a3 Waveai luudazluvesiundnut Tas Tusunsy Mathcad6.0+

i 2 H(Mi k)_Hi
Q(H,i) = ifl M, , 20,a:B JH. -z
! i,k o (Mi,k) ( i 1) L(Mi’k)+Li

seauthveslulaied 1,2,3,4,8,9,14,15,16,17,18,19,20 muldannzms lnauvuneda

21,0

1] [3.445] [3.886 ] [3.241] (3.789 ] [2.863 ] [3.837]
864 3.445 3.886 3.241 3.789 2.863 3.837
1728 3.445 3.886 3.241 3.789 2.863 3.837
Ts:= HMI1 := HM2 = HM3 ;= HM4 = HMS = HMS9 ;=
2592 3.445 3.886 3.241 3.789 2.863 3.837
3456 3.445 3.886 3.241 3.789 2.863 3.837
| 4320 | |3.445 | |3.886 | [3.241 | 3.789 | 2.863 | 3.837 |
(3.430] 3.783 | [2.573] [3.379] 3.468 ] [3.229] (3.499
3.430 3.783 2.573 3379 3.468 3.229 3.499
3.430 3.783 2.573 3.379 3.468 3.229 3.499
HM14 = HM15 = HM16 := HM17 := HM18 := HM19 := HM20 :=
3.430 3.783 2.573 3.379 3.468 3.229 3.499
3.430 3.783 2.573 3.379 3.468 3.229 3.499
3.430 3.783 | 2.573 | 13.379 | 3.468 | 3.229 | 3.499

58&3“6'lﬁ'lﬂﬁlﬂﬁﬂﬂlf)ﬂllﬁﬁﬁ']ﬁﬂ\‘i 4320 ‘H’lﬁ
mii ;=60
hour .= 60-min

t.=1,864..4320
j=12.6

60-4320-min 3

hour

=4.32-10

& 4 LN
N?)uvl‘uuﬁﬂdmil‘]fﬂllﬁmguﬂN(lmca.rmtcrpolated)‘ll’f]ﬂﬂilﬂﬁ13

HMIL(t) .= linterp( Ts, HM1,t) HMI5L(t) .= linterp( Ts, HM15,t)
HM2L(t) := linterp( T's, HM2,t) HM16L(t) :=linterp( Ts, HM16,t)
HM31(t) := linterp( Ts, HM3,t) HMI17L(t) :=linterp(Ts, HM17,t)
HMA4L(t) := linterp( Ts, HM4,1) HMI1BL(t) =linterp(Ts, HM18,t)
HMSL(1) .= linterp( Ts, HM8,t) HMI191(t) .= linterp( Ts, HM19,t)
HMOIL(t) .= linterp( Ts, HM9,t) HM20L(t) :=linterp( T's, HM20,1)

HM14L(t) .= linterp( Ts, HM14,1)
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o o :‘ A & g 3 . .
fuszamimnleu lunsiveudedun 349(linearinterpolated)

4 T T
3 —
HMI.
T
HMI1141)
- - 2 —
. I 1
0 500 1000
Ts. t
5
4 ] T
3 b—
HMS3,
o
HM3L(1)
- - 2 .
) | ]
0 500 1000
Ts.,t
j
4 T T
3 -
HMS.
N
HMSL(t)
e =
. I 1
0 500 1000
Ts.,t
j
4 T T
uM1s. |
_ J
HM14L(t)
a2 .
) I 1
0 500 1000
Ts.,t

J

4 ] ]
3.——
HM2.
G
HM2L(t)
- 2_
. I !
500 1000
Ts. t
5
4 J I
3.—
HM4,
S
HMA4L(t)
- - 2_
P 1 !
500 1000
Ts.,t
i
4 I I
3—
HM9.,
A\
HMOL(t)
=2 .
: | I
500 1000
Ts. 2
i
4 | |
HMIS,
_ J
HM15L(t)
-- 2
) 1 1
500 1000
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3 T T 4 T T
3 T —
HMIS; HM17,
_ . _ -
HMI6L(t) ;{_Mnut)z
) [ ! 1 l ]
0 500 1000 0 500 1000
Ts.,t Ts.,t
i
4 | T 4 T T
3 e p— —
: HM19.
Mg, F M1,
HMIS8I(1) HM191(1)
- - 2 . — - 2 b —
) ! | ] I I
0 500 1000 0 500 1000
Ts.,t Tsj,t
4 T T
3 — -—
HM20.
T
HM20L(t)
= S _
. | !
0 500 1000
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MIMUIUAWAUMTOYNUTATRY 55 Runge-Kutta

G :=rkfixed(H, 0, 4320,4320,C)

1:=1,2..4320
T =G<l> - =G<2> o =G<;>
HS'=6%"  He=G" H71=-GZ
11061 111 =612 Hiz 213
HI15 =6 H16-:697> m72618”
H20 =621

H3:=6>
H8 =G
H13 =G4
H18:=G1%”

C(t,H) =

<5>

1
Q

H4:

Ho =G10>

H14 =G0~

H19 =620~

134

4 BM1Lt)
&t

4 mm2101)
dt

9 mmsLn
dt

4 HMaL()
dt

QH,5)
5

Q(H,6)
g

QH,7)
o7

d

< HMSL()

4 amoL)
dt

Q(H,10)
%10
Q(H,11)
911
Q(H,12)
®12
Q(H,13)
®13

4 HM14L(1)
dt

4 HM15L(1)
at

4 aMi6L(1)
dt

4 a7y
at

4 BM18L(1)
at

4 HM191(1)
dt

9 HM20L(1)
dt |



3.85

3.7

H5
— 3.55

H6,

H7 34

HllI
-— 3.1
HI12

H1312'95 B

2.8

2.65

2.5

0 500 1000 1500 2000 2500 3000 3500 4000

T

M b 4 i
AT .39 e nuFURUTsErIessauThInmsiuaveslumegduna luiug

ANYUVADIANTLIN M3BTTUUN TI 10U 1 WOeRMEU WA 2540,

ﬂ'lﬂtlﬁiﬁﬂ'l’wﬂ'ﬁ‘lﬂﬁu‘ﬂ‘ﬂﬂﬂﬁ?

mMsilsziuainnuRanana

FinalWaterLevel5 .= H5

FinalWaterLevel6 :=H6

FinalWaterLevel7 := H7

FinalWaterLevel10 :=H10

FinaiWaterLevelll :=HI11

FinalWaterLevel12 .= H12

FinalWaterLevell3 := H13

4320 ErHMS := IHS 4320~ 3.310] ErHMS =0.009

4320 ErHMS6 := |H6 4320 3.180! ErHMS6 =0.002

4320 EFHM7 = [H7,0 - 3.134 ErHM?7 =3.899-10"4
4320 ErHM10 := Imo 4320~ 3.659| ErHM10 =0.002
4320 ErHMI1 := |H114320— 3.804] ErHM11=0.011
4320 ErHM12 := Imz 4320 2.887! ErHM12 =0.003
4320 ErHM13 := |H13 4320 3.444| ErHM13 =0.002
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umsnduswadrtesszanbhiumsyaumhisuduvesluguinma

0.009 {3_310 1
0.002 3.180
3.899-10"* 3.134
ErHM =|  ¢.002 HRL :=|3.659
0.011 3.804
0.003 2.887
0.002 [3.444

¥ ¥
Aundonadiwvesszaninluguinats

7 EHM,
ErHMC ‘= Z J
' 7
j=1
ErHMC =0.004

L
o A

1 o [ ar L) 4
Aundoszamnirnialdss e uluguinas

H

, .
2 —3 =3345
=17

F

i3 3
AumdunnuRanaadiinsvesszaminlugudnars

100-0.004
3.345

=0.12 %

v ¥
Aundsn nuAsnaaduimivesszauhduguinmansazly

EHMS 100 =0261 % EHMI0 100 - 0.042 % M
3310 3.659 3.444
ErfiM6 100 =0.052 % ErHMIL 60 =0.284 %
3.180 3.804
ErHM12
-100 =0.094 %
E;’f;‘?- 100 =0.012% 2.887 0.094%

J o :’ =y v 3
mizﬂUm"n"lﬂmﬂmsmmmTﬂUIﬂmnm Mathcad6.0+

(3.310] (3.180] [3.134] [3.659 3.804 ]

3.310 3.180 3.134 3.659 3.804

3.310 3.180 3.134 3.659 3.804
HMS = HM§6 = HM7 := HM10 := HMI1 =

3.310 3.180 3.134 3.659 3.804

3.310 3.180 3.134 3.659 3.804

13.310 | 3180 | 3.134 | 3.659 | 13.804 |

-100 =0.057 %

HMI12 :=

[2.887
2.887
2.887
2.887
2.887

2.887 |

HM13 =

[3.444
3.444
3.444
3.444
3.444

3.444
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4 o
iJoulvuaasmsisounsidunsalinearinterpolated) Yo IuFLENINS

HMSL(t) := linterp(Ts, HMS, t) HM10L(t) := linterp( Ts, HM10,t) HMI3L(t) := linterp(Ts, HM13,1)
HM6L(t) := linterp( Ts, HM6, 1) HM111(t) :=linterp(Ts, HM11,t)
HM7L(t) := linterp( Ts, HM7, 1) HM12L(t) = linterp(Ts, HM12,1)

msUsziivaumdsanuranata lusna1weInsauIn Ias 1Usunsy Mathcads.0+

6 HMs, 6 HM7. 6 HMII. 5 HMI3
Z -6_3 =331 Z Tj =3.134 Z 3 =3.804 Z - 3 =3.444
j=1 j=1 j=1 j=1
6 6 6
Z H_I:Gi =3.18 Z HN:Oj =3.659 Z Hl\zlzj =2.887
j= j=1 i=1
wa«hwaaszﬁ'mfa“luussiazﬂuqutfﬂmmmhmm 864 WA
I [HMsl - H51| ] [ |HM61 ¥ H61| ] [ |HM71 - 1-171l
IHM52 - H5g¢ 4' !HM62 - Hég, 41 |1-1M72 - Hig, 4|
|HMS 3 - H5 7] |FiM6, - H6, ] [HM7; - HT,56
ERS := ER6 ‘= ER7 :=
|HMS ;- HS, 50, | M6, - H6, 50| [HM7, - HT, 50,
|HMS — HS5 5] |HM6 - HE, 5 |FIM75 - H73 5]
| [HMSg - HS 4309 | | |HM6 - He 350 | | [HM7g - B30 |
[ lHMlOl-HIOII ] [ lHMlll—Hllll [ IHM12-1_H121,
|HM102— H10864l IHan_ H11864I IHMIZZ—H12864I
|HM103 - H101728| |1—1Mu3 - Humgl IHM123— H121728|
ERI10 .= ERII = ER12 :=
IHM104— H102592| |HM114— H112592| IHM124— H122592|
IHMIOS— H103456| IHMIIS - Hll3456| |HM125_ H123456|
|HM106— H104320l | IHM116— Hll4320, | .IHM126- H124320l |
[ IHMB] - Hl31l
!HM]BZ- H13864l
‘ |mv1133 - Hl31728l
ERI3:= |HM134— Hl32592|
IHM135— H133456|
'|HM136— H134320| |




r »
fundvvemamaszauinlugudnans

Node 5
6
ERS.
) j
AverERS := -
2
j=1
AverERS =8.27710%
PAverERS = AverERS5-100
3.310

PAverERS =0.025 %

Node 6

6
ER6
AverER6 := Z )

j=1
AverER6 =8277+10™%

AverER6-100
3.180

PAverER6 :=

PAverER6 =0.026 %

Node 7

6 ERT,

AverER7 = Z —J
i=1

AverER7 =1.953-1074

AverER7-100
3.134

PAverER7 =

PAverER7 =0.006 %

Node 10
6
ERI10,
. j
AverER10 := S
2
i=1
-4

AverER10 =7.69-10

AverER10-100
3.659

PAverER10 =

PAverER10 =0.021 %

Node 11
6
ER!1.
{ J
AverERI1 = C -
PILE
0,5\ )
AverER11 =0.005

AverER11-100
3.804

PAverER11 :=

PAverER11 =0.143 %

Node 12
6 ERI12.
AverER12 = Z el
. 6
=1
AverER12 =0.001

AverER12-100
2.887

PAverER12 :=

PAverER12 =0.047 %

138

Node 13

6 ERI3,
AverER13 := Z -

ji=1

AverER13 =9.792-10"%

AverER13-100
3.444

PAverER13 :=

PAverER13 =0.028 %
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SHHERRIAAR

ww Canal
& Concrete node
§ No concrete node

Scheme of Ladkrabang District boundy study.

MathCad6.0+ Programme:

9 a9

¥ » 1] ?
deyaisuduvaauyiaesammmsnszngivyluiuwaaansziia vieszuuh m

(2 5 20 0 [ 6500 ] [20 (23] 13.055]
1 3 6 0 6000 20 23 3.186
2 4 2000 30 1.6 2.741
3 8 4000 30 1.9 2.989
1 6 11 0 1700 15 2.3 2.910
2 5 7 12 5000 20 23 3.080
3 6 13 5500 20 2.4 3.234
4 7 14 0 5000 30 1.8 2.363
100 0 0 16500 32" 2.8 3.137

e 9 11 15 20 L .| 5500 B |2 e o 3.059
5 10 12 16 6500 20 2.7 3.204
6 11 13 17 9000 20 22 2.687
7 12 14 18 5500 20 2.3 3.244
8 1319 0 5000 30 1.8 2.630
100 0 0 1600 20 22 3.383
110 0 0 720 15 1.6 2373
120 0 0 9000 20 2.1 2.879
130 0 0 850 20 2.1 2.968
140 0 0 850 20 1.7 2.329
110 0 0 | 5500 | 20 | 2.5 12.999 |

(0.755]
0.886
1.141
1.089
0.610
0.780
0.834
0.563
0.337
0.359
0.504
0.387
0.944
0.830
0.883
0.773
0.779
0.868
0.629

e
1

| 0.499 |

[ 130000 ]
120000
60000
120000
25500
100000
110000
150000
528000
110000

" 130000

180000
110000
150000
20000
10800
180000
17000
17000

[ 110000 |

139
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JouluSudu
i=1,2. 29

O)i = Li-Bi

£ k4 v
a3 s Inaveni luusazuve siundnu Ias Tasunsy Mathcad6.0+

Q(H,i) .= i irM #0,0:B (H. - Z.\% H(Mi’k)_ﬂia 0
e Lk (Mi,k)( %) | M. VL
k=1 ( i,k) !
@ : at 9 o
szauthvenlutateh 1,2,3,4,8,9,14,15,16,17,18,19,20 melaan1izms vauvuneia
1] [3.055] [3.186] [2.741] [2.989] (2363 ] (3.137'
864 3.055 3.186 2.741 2.989 2363 3.137
1728 3.055 3.186 2.741 2.989 2.363 3.137
Ts:= HM]1 = HM2 := HMS3 = HM4 = HMS = HM9 =
2592 3.055 3.186 2.741 2.989 2.363 3.137
3456 3.055 3.186 2.741 2.989 2363 3.137
14320 | 13.055 | 3.186 | |2.741 | [2.989 | 12363 | _3.137J
[2.630 (3.383 ] [3.373] (2.879] [2.968 ] [2.329 [2.999 ]
2.630 3.383 3.373 2.879 2.968 2.329 2.999
2.630 3.383 3373 2.879 2.968 2.329 2.999
HM14 = HM1S = HMI6 := HM17 = HM18 := HM19 := HM20 :=
2.630 3.383 3373 2.879 2.968 2329 2.999
2.630 3.383 3.373 2.879 2.968 2.329 2.999
2.630 | 13.383 J 3.373 | 2.879 | 2.968 | 2.329 | [2.999 |

FTUTLIMNIHAINAUDIUDUS 109 4320 WN
mii :=60

hour := 60-min

t =1,864..4320

ji=1,2.6

60-4320-min
hour

=4.32-10° min

A & + 9 . .
Qo lvnaaimsiFounsidunsalinearinterpolated) voailulate

HM11(t) :=linterp(Ts, HM1,t) HM14L(t) := linterp( Ts, HM14,t) HM20L(t) .=linterp( Ts, HM20,1)
HM2I(t) :=linterp( Ts, HM2,t) HMIS5L(t) .=linterp(Ts, HM15,1)
HM3L(1) := linterp( Ts, HM3,t) HMI6L(t) :=linterp( Ts, HM16,t)
HMA4L(t) := linterp( Ts, HM4,1) HMI17L(t) :=linterp( Ts, HM17,t)
HMSIL(t) := linterp( Ts, HM8, t) HMI18L(t) :=linterp( Ts, HM18,t)

HMOL(t) := linterp( Ts, HM9,1) HMI9L(t) .= linterp( Ts, HM19,t)



v L
u'erﬂaﬂ'Jm’cmwuﬁ'ﬂ:mszﬂumﬂuﬂmasznmaszﬂnﬁﬂuaﬂnzms”l'na

8y ' ¥
suuaIRUsEAIhnNGeu lumsieudeidunsa(linearinterpolated)

HM1.
J

HMIL(t)
-- 2

HM3.
J

HM3L(t)
-- 2

HMS.
J

HMSL(t)
-- 2

HM14.
J

HM14L(t)

I I
! ]
0 500 1000
Ts.,t
]
| [
| I
0 500 1000
Ts.,t
J
I I
| |
500 1000
., 1
TsJ ,
3 | T
2
1 ] f
500 1000

141

HM2.
J

HM2L(t)
-- 2

500

HM4.
J

HM4L(t)
o 2

500

HM?.
J

HMOL(t)
% 2

500

3
HMIS-i

HM15L(t)
-- 2

500



3
HM16;
— 2
HMI6L(t)
1
4
3
HM18,
R
HMI18L(t)
-- 2
1
4
3
HM20.
T
HM20L(t)
-- 2

0 500 1000
Ts.,t
J
I |
| !
0 500 1000
Ts.,t
]
| 1
| |
0 500 1000

HM17,
— 2
HM171L(t)

HM19-i
& 2
HMI91(t)

500 1000

500 1000

142
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Mt IudsTIMIBYRUT M

G = rkfixed( H, 0, 4320, 4320, C)

1:=1,2..4320
T:=G

Hs =G%

H10 =117

HI15 :=G<16>

H20 =G21”

H1:=G

H6 -G~

HI1 =GY12”

Hi6:=G 17>

Qr Ay

o

H2:=G

H7 =G5~

H12 =613

H17 :=G<18>

QIS Runge-Kutta

H3 =64~

H8:=G

H13 =g 14

Hi18:=G17>

H4 =G

Ho =G 107

H14:=G"1%7

H19 :=G<‘20>

C(t,H) =

4 HM1L(1)
at

143

4 HM2141)
dt

4 mm3iqy
dt

4 HMaL(r)
dt

QH,3)
05
185
o6
1)
a7

4 HMsL(t)
dt

4 amoLq1)
dt

Q(H,10)
®10
Q(H,11)
®11
Q(H,12)
012
Q(H,13)
913

4 am1a0t)
dt

4 BM15L01)
dt

4 uMi6141)
dt

4 um17L0)
at

4 mmisu)
dt

4 HM19L01)
dt

4 mmz0141)
dt ]
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36 1

3.2
HS

He, 2.8

H7, 24 =

HIO, 5| ~

Hil
hef -

Hl2I

H13

| 2| | I | ] I I

0 500 1000 1500 2000 2500 3000 3500 4000
TI a=3.1

.:; o @ o ] Q@ oy IS » s Af d'
MMNN ¥.40 waanNuduiuiszrinszamhnnmssnavealuang i luiium
AN IYNAANTZIN Y50ITULN I e 3udi 4 Auseu w2540

meldanizms Inauuuneda

mMsUszdiuamnnuranata

FinalWaterLevel5 := H5 ErHMS .= |H5 1320° 2.910| ErHMS =0.009
FinalWaterLevel6 .= H6 15 ErHMS6 = [H6 4320~ 3.080] ErHM6 =6.35810 %
FinalWaterLevel7 :=H7,,, ErHM7 := |H7 4320~ 3.234| ErHM7 =0.007
FinalWaterLevel10 := H104320 ErHM10 = IHIO4320 - 3.059] ErHM10 =0.002
FinalWaterLevelll .= H1 14320 ErHM11 = IHI 14320 - 3.204[ ErHM11 =0.005
FinalWaterLevel12 := H12,5,0 ErHM12 = |H12 4320~ 2.687! ErHM12 =0.002
FinalWaterLevel13 :=H13 5, ErHM13 := |H13 4320 3.244| ErHM13 =0.004



= ’ v ar °y o ’ o :‘ A' 9 o
mmncx?‘uaemﬂ31mmﬂmmmaas:ﬂuuumzﬂnmssﬂuummu‘umﬂnﬂuanma

0.009 | 12.910]
63581074 3.080
0.007 3.234
ErHM = 0.002 HRL :=| 3.059
0.005 3.204
0.002 2.687
0.004 | 3.244 |

13 L
Aundennuuandisvssszauilugudnats

7 EraM.
ErHMC := Z J
. 7
i=1
ErHMC =0.004

L ]
o _ =t

' = o v WY a s
fana Uizﬂuu'lﬂjﬂblﬂ%Sqqlﬂ\jﬂ”ﬂuﬂﬂﬁ‘l\i

7 HRL

Z TJ =3.06

j=1
’ a = a a s oy o
ﬂ'llﬂ'ﬁUﬂ'J’“JNﬂwa'lﬂﬁuW"ﬁ‘UﬂQi:ﬂUN’]ﬂﬂJﬁuﬂﬂaTQ

100-0.004
3.060

=0.131 %

» E 4
fundsanuRanmaduinsvesszamhluguinasuaaz iy

ErfiMS 100 -0295 % ErHMI0 500 = 0.071 % EAHMI3 100=0.135%
2910 3.059 4
ErfiM6 100 -0.021 % ErMIL ;00 =0.147%
3.080 3.204
ErIMT 100 =0.203% EFHMI2 |00 = 0.064 %
3234 2.687
¥
* o o ~WY o
mszauthi ldnnmssa TaaTasunsy Mathcad6.0+
[2.910] [3.080] [3.234] [3.059 (3204 [2:687
2910 3.080 3234 3.059 3.204 2.687
2910 3.080 3234 3.059 3.204 2.687
HMS := HMS := HM7 := HMI0 = HMI1 = HMI2 :=
2.910 3.080 3.234 3.059 3.204 2.687
2910 3.080 3.234 3.059 3.204 2.687
2,910 | 3.080 | 3.234 3.059 | 3.204 2.687

HM13 =

3.244
3.244
3.244
3.244
3.244

3.244 |

145
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Hou lvuaasmsioudordunsy( linearinterpolated) Yo ugudnaia

HMSL(t) "= linterp(Ts, HMS, 1) HM10L(t) = linterp( Ts, HM10,1) HM131(t) :=linterp( Ts, HM13, 1)
HMB6L(t) := linterp( Ts, HM6,t) HM11L(t) :=linterp(Ts, HM11,t)
HM7L(t) := linterp( Ts, HM7,t) HM12L(t) :=linterp(Ts, HM12,t)

msydsziiuaundeanuranaialusrsnarvesmssiuin Tas Tusinsy Mathcad6.0+

6 6 6 6
Z ishﬁ =291 Z El;ﬁ =3.234 Z HI\ZI ' =3.204 Z thnj =3.244
=1 i= i i=1

6 6 6
Z i{i:fi =3.08 Z HN:Oj =3.059 Z I ~2.687
j=1 j=1 e
wmhwmszﬁ’uﬁz°luuﬂ'azﬂugméfﬂmmmhmm 864 111

[ IHMSI - Hsll i IHM61 . Hsl| ] I IHM71 < H7ll
I}{Ms2 - H586 41 IHM62 - Hég, 4[ [HM72 - Hg, 4|
oS - |HMS3 - HS, 7] -l | M6 ~ HE, | 4" |[HM7, - H7, 0
[HMS ;- HS, 505 |HMS,, ~ H6, 50, M7, - HT )50,
|HMS - HS3 45| [FIM6,; - H6, 5 [HM7, - HI, 5
| [HMSg - HS4300] | | [HMS6 - H6 550 ] |HM7¢ - H735| |
[ IHMIOI—HI()lI ] [ lHMlll—Hllll [ HMlzl_mzll
[HMlo2 - H10864| ) IHM112— H11864I IHM122— H12864[
IHM103 - H101728, |HM113 - H111728[ ’HMIZ;- H121728’
ERI10 := ER11 := ERI2 :=
]HM104— H102592] IHM114— H112592| IHM124— H122592|
IHMIOS- H103456| 'HMIIS- H113456] lHM125- H123456|
-‘HM106— H104320| | '!HMIIG— H114320! J A{HMI26— H124320[ |
[ ‘m\m1 - H13ll
,HM132— H13864l
i |HM133— H131728'
" IHM134— H132592]
IHMISS - H133456|
_[HM136- H134320l |




T 3
Aundgvesmadieszauinlugudnaie

Node 5
6
ERG.
‘ j
AverERS = 4
2
i=1
AverERS =3.192107%

PAverERS = AverERS-100
2910

PAverERS =0.011 %

Node 6

6  ERe.

. E : ]
AverER6 = [
; 6
j=1

AverER6 =3.192-10%

PAVerERG := AverER6-100
3.080

PAverER6 =0.01 %

Node 7

6 ER7.
AverER7 = Z TJ

j=1

AverER7 =0.003

AverER7-100
3.234

PAverER7 =

PAverER7 =0.102 %

Node 10
6
ER10.
. J
AverER10 := P
j=

AverER10 =0.001

PAverER10 := AVerER10-100
3.059

PAverER10 =0.036 %

Node 11
6
ERI1.
- J
AverER11 = _
j=

AverER11 =0.002

PAverERI1 = AverER11-100
3.204

PAverER11 =0.074 %

Node 12
6
ER12.
J_ J
AverER12 "= 11 O
DeH
1=1
-4

AverER12 =8.668°10

AverER12-100
2.687

PAverER12 =

PAverER12 =0.032 %

147

Node 13
6
ER13.
AverER13 := S |
2
j=

AverER13 =0.002

PAverERI3 := AverER13-100
3.244

PAverER13 =0.067 %
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we Canal
€ Concrete node

No concrete node

Scheme of Ladkrabang District boundy study.

MathCad6.0+ Programme:

Toyaisud
2 52 0 [6500‘
1 3 0 6000
2 4 0 2000
3 8 4000
1 6 11 1700
2 5 7 12| |5000
3 6 8 13| |s5500
4 7 14 0 5000
100 0 16500
9 11 15 20] | 5500
5 10 12 16| | 6500
6 11 13 17| | 9000
7 12 14 18| | 5500
8 1319 0 5000
100 0 0 1000
110 0 0 720
120 0 0 9000
1300 0 850
140 0 0 850
110 0 0] {5500 |

(20

20
30
30
15
20
20
30
32
20
20
20
20
30
20
15
20
20
20
20 |

[2.7
30
2.1
2.7
05
24
23
23
3.5
33

"33

2.5
2.5
2.6
29
1.8
26
2.6
2.6

3.0

3.499 |

3.886
3.241
3.789
3310
3.180
3.134
2.863
3,837
3.659
3.804
2.887
3.444
3.430
3.783
2.573
3.379

3.468 |
3220

[3.455] (0.755'

0.886
1.141
1.089
0.610
0.780
0.834
0.563
0.337
0.359
0.504
0.387
0.944
0.830
0.883
0.773
0.779
0.868
0.629

0.499 |

(130000 ]

120000
60000
120000
25500
100000
110000
150000
528000
110000
130000
180000
110000
150000
20000
10800
180000
17000
17000

110000 |

r

oL =

7.922- 106

7.313'106

2.438.10°

4.875-10°

2.072- 106

6.094- 10’6

6.704- 106

6.09410°

2.011~106

6.704- 106

7.922- 106

1.097 106

6.704- 106

6.094- 106

1.219~106

8.776- 106

1.097- 106

1.036-10°

1.036- 106

6.704 10° )

W
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E 4 y v ’
u‘umunn%ﬁaaaamwmsﬂizmaﬁmm‘luﬁuﬁmwmﬂnszﬁe H?ﬂi’:ﬂﬁﬁ I

2.099- 103

1.938 103

645.988

1.292- 103

549.09

1.615-103

1.776-10°
1615.10°
5329-10°
1.776.10°
2.099-10°

2.907-10°

1.776-10°

1.615'103

322.994
232.556

2.907-10°
274.545
274.545

1.776-10° |




wou luisudu 149

i:=1,2..20
AreaOfE‘.achNodesi =y
(x)i = Li-Bi

TotalareaOfLad := 123859000 M2

20
totallength := Z L m

i=1
totallength = 1.016°10° m
AreaofCanali = ‘”Li

- 123859000-L.

20 1
2L

i=1

(oLi : m2

Rainfallintensity := 2.65- 10 > m/min
AreaReductionFactor ;= 0.1

VolumeOfRainfallInEachNodei e Ri

R, =26510"-0.1L; m3/min

Y ¥ [
dasims maveaih lundaziluvssvunanui 1aeT1l51nsy Mathcads.0+

- 2 H(Mi,k>—Hi
QH, i) := ;z'" i Mi,kzo,a-B(Mi’k)-(Hi-Zi) . T 200
1:=1,2..4320
t =90 min

Jou lurduanluurazily

qrain(t,i) := Ri if 1<90

0 otherwise
RR(t,1) :=qgrain(t,i)
, 9 ' 3 4 6 .
mmmwwluaﬂmmmmﬂn 2.65%107, 2.65%107", 2.65%10" m/min

milvdsaanawminu 0.1, 0.3, 0.6
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il
seanhwesthnlats meldanitzmslwauvunsdd

1] (3.445 [3.886 ] [3.241] [3.789 ] (2.863' [3.837]
864 3.445 3.886 3.241 3.789 2.863 3.837
1728 3.445 3.886 3.241 3.789 2.863 3.837
Ts = HM1 := HM2:={ HM3 = HM4 = HMS := HM9 :=
2592 3.445 3.846 3.241 3.789 2.863 3.837
3456 3.445 3.886 3.241 3.789 2.863 3.837
4320 | 3.445 | 3.886 | 3.241 | 3.789 | | 2.863 | 13.837 |
[3.430 [3.783 [2.573 3.379] [3.468 ] 3.229] [3.499
3.430 3.783 2.573 3.379 3.468 3.229 3.499
3.430 3.783 2.573 3.379 3.468 3.229 3.499
HM14 ;= HMIS = HM16 = HM17 := HM18 := HM19 := HM20 :=
3.430 3,783 2.573 3.379 3.468 3.229 3.499
3.430 3.783 2.573 3.379 3.468 3.229 3.499
13.430 | 3.783 | 12,573 | 13379 | 3.468 | 13.229 | 3.499 |

FTUSINMIHANAGUYBIULVTIABS 4320 WA

mii ;=60
hour := 60-min

T:=1,864..4320
ji=1,2..6

60-4320-min
hour

=432-10% min

4 4 4
o lvuaaimsiFoudeidun s ilinearinterpolated)yeilui/ary

HM11(T) := linterp(Ts, HM1, T) HMI14L(T) ‘= linterp(Ts, HM14,T) HM20L(T) ‘= linterp(Ts, HM20, T)
HM2ZL(T) := linterp(Ts, HM2,T) HMI5L(T) := linterp(Ts, HM15,T)
HM3L(T) := linterp(Ts, HM3, T) HMI6L(T) := linterp( Ts, HM16, T)
HM4L(T) := linterp( Ts, HM4, T) HMI171(T) := linterp( Ts, HM17, T)
HMSL(T) := linterp( Ts, HM8, T) HMI8L(T) := linterp( Ts, HM18, T)

HMOL(T) = linterp(Ts, HM9,T) HMI9L(T) := linterp(Ts, HM19, T)



Y v 3
naasnnuduRususeszauthitulateil, 10,17 seuneszauthluaniizms va
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Lm‘umman‘usxﬂummm‘fa’au'lmnm‘?ammauﬂ 34(lincarinterpolated)

4

HM1,
J

HMIL(t)
-- 2

500 1000

HM3.
J

HM3L(t)
-- 2

500 1000

HMS.
J

HMSL(t)
-- 2

HM14.
J

HM14L(t)
-- 2

500 1000

500 1000

151

4

HM2.
J

HM21(t)
-- 2

1000

HM4.
J

HM4L(t)
Ny, 2

1000

HM9.
3

HMOL(1)
®) 2

HM15.
J

HMI5L(1)
-- 2

500

500
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3 I I 4 ] |
HM16; HMI7, B B
_ . _ —
HM16L(t) HMI17L(t)
- - - 2 - ——
) 1 i ) ] I
0 500 1000 0 500 1000
Ts., T Ts., T
j i
4 T T 4 T T
3 - 3 —
HMIS, HM19.
— =i
HMI8L(t) HMI9L(t)
- - 2 — — - - 2 - —
. I 1 ) I I
0 500 1000 0 500 1000
Ts., T Ts.,, T
QH, i) y PR 3
Bi'Hi mmtnnszuﬂmuﬂazﬂu, m/min
- 4
1575104 ! !
0.002
4
553410 3 -
0.001 HMz0.
4 ==
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MIMUIUAIBAUMSOYRUTA1IYID Runge-Kutta

G = rkfixed(H,0, 4320, 4320, C)

T =G Hl1 =G H2 =G

192619 H10::6"1 7 Hiy =612

<14> <15> <16>

H13 =G H14:=G H15:=G

<18> <19> <20>

H17 =G H18 =G H19 =G

H4 =G

HE =G

Hi2:=6"137

<17>

H16 :=G

H20 =G 217

C(t,H) =

4 amiL)
dt

4 mm21t)
dt

4 mM3L(t)
dt

9 aMaL(t)
at

o5 o5
g 0
o7 vy
d

d—tHMSL(t)

4 mmorqt)

dt
Q(H,10) RR(1,10)

@10 210
Q(H,11)+ RR(t,11)

011 o1
Q(H,12) J RR(t,12)

®12 012
Q(H,13) / RR(t,13)

©13 013

4 ML)
at
d
4 umMisi)
dt

4 HMi6L(1)
dt

4 w17
&t

4 mmisy)
dt

4 uMro1t)
dt

4 um20141)
at
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H5l - H54320 =-1.878
HG1 - H6‘4320 =-1.455
H71 - H74320 =-1.44
HlO1 - HIO4320 =-1.434
Hll1 - Hll4320 =-1.44
1—1121 - H124320 =-1.458
Hl31 - Hl34320 =-1.438

1 d
nanuesszAuTiulae

Hl, - Hi 0

1 4320

H21 -H2 0

4320

H3, - H3

1~ H34359 =0

H4l - H4 0

4320 ~

H8, - H8

1~ H8y390 =0

H91 - H9 0

4320

Hl41 - H14 0

4320

HlSl— H15 0

4320

H]61 - HIG4320 =0

H17, - H17 0

1 4320

H181 - H18 0

4320 ~

H19, - H19 0

1 4320~

}-1201 - H204320 =0
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HaANYBIs TR uguena

HS1 - H5 -5.203

4320 ~

H6l - H6 -4.343

4320 =

H71 - H7 -4.222

4320 -

HIOI— HlO4 =-4.192

320

H11, - HII

1 4320 = -4.301

HI12, - H12 =-4.362

1 4320

Hl3] - H134320 =-4224 -

8
wofNveszauUNla

Hll—Hl 0

4320 ~

H2, - H2

17 H2y359 =0

H3; - H34355=0

H4, - H4

1~ Hay359 =0

H8, - H8

1~ H84390=0

H9l - H9 0

4320

H14l - H14 0

4320

H151~ H15 0

4320 ~

H16, - H16

1 4320 =0

H171 - H17 0

43207

H18l - HI84320 =0

ngl - H19 0

4320 ~

H20l - H20 0

4320 ~
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HS] - H54320 =-9.003
H61 - H64320 =-8.552
H7l - H74320 =-7.994

HIOl - H104320 =-7.926

Hlll - H114320 =-8.454

HI12, - HI12 =-8.671

1 4320

Hl3l - Hl34320 =-8.034

v
wagvssszaUiniutlaty

Hl; - Hlg354=0

H21—H2 =0

4320

H31—H3 =0

4320

H4, - Ha;5,0 =0

4320

H3; - H84374 =0

H9; - H9 4350 =0

Hl4I - H14 =0

4320

HISl - H154320 =0

H16] - H164320 =0

H17 - H174320

HISl - H184320 =0

Hl91 - H19 =0

4320

H201 - H204320 =0
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HS1 - HS =-0.196

4320

H61 - H64320 =-0.146

H7] - H7 =-0.145

4320

H10, - H10 =-0.145

1 4320

Hlll-—Hll =-0.14

4320

Hl2l - H12,5,, =-0.147

H131— H13 =-0.144

4320

v
wasaunaszaijulale

Hl, - H1

1~ Hlgzpp =0

H2l - H2 0

4320

H3I - H3 0

4320 ~

H41 - H4

4320 =0

1-181 - H8 0

4320 ~

H9l - H9 0

4320 ~

Hl4, - H14

1 4320~ ©

H15, - H15

1 4320 =©

H16, - H16

1 4320 =0

H17l - H17

4320 9

Hl8l— H18 0

4320

H19, - H19

1 4320 =0

}-1201 - H20

4320 =0

161



162

0 500 1000 1500 2000 2500 3000 3500 4000

T

v v * 3
ARt %49 ATduiusTEn s sfnhnemsdsiunnveaguinas e Tuil 1 wgAInou w.A.2540.

nsaimulounii 2.875 1 anududy 2.65*10* m/min. Arileduaaneueduction factor) 1M1 0.3

5 T I T T T T T~ T

s .

0 ] 1 ] 1 ] l 1 }

0 500 1000 1500 2000 2500 3000 3500 4000

T

4 o o & . o ¥ o o A o A o
mwﬁ %.50 mm'auwmsszm‘mzﬂummnmimumnunawmﬂnﬂaw WBIUN 1 NOAINYY N.F.2540.

= 9 Qo = b4 4 . ’ o . [
NIRIMUGOUNTIY 2.875 Y. anndud Y 2.65*10 m/min. AJevBaANBU(reduction factor) 1AL 0.3



¥
nasnvessziiugudnate

HS1 - H54320 =-0.577

H6, - H6435

H7) - H7g390

HIOl - HlO4320

Hlll - H]l4320

H12, - HlZ4320 =-0.438

1

Hl31 - H134300

4
wasveeszauinfulaie

H1; - Hlg390

H2) - H2439,

H3; - 34354

H4; - Hag30,

H8; - H8y379

H9) - H94390 =

HMI - HI44320

H15 - H]54320

HlGl - Hl64320

Hl7l - H174320

}-118l - HlS4320

HI9, - HI94320

H20 - H204320

=0

=0

=0

=0

=0

0

=-0.437

=-0.435

=-0.433

=-0.429

=-0.433

=0

=0

=0

=0

=0
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HSI—HS =-1.141

4320

H6, - H6 =—0.874

1 4320

H71 - H7 =—0.867

4320

H10, - H10 =—0.864

1 4320

Hlll— Hi1 =-0.863

4320

Hl21 - H124320 =-0.875

Hl3l - I-Il34320 =-0.865

¥
pasvnIszauilutaie

Hl]—Hl 0

4320

H21 - H2 0

4320

H3, - H3 0

1 4320

H4l - H4 0

4320 ~

HSl - H8 0

4320

H9, - H9

1~ H9%390 =0

Hl4l - H14 0

4320

H15, - H15 0

1 4320

H161 - Hi6 0

4320 ~

H17, - H17

1 4320 =9

H18, - H18 0

4320

H19., - H19

1 4320 =0

H20, - H20 0

4320 ~
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HSI - H5 =-0.006

4320

HG1 - H6 =—0.002

4320

H7l - |7 =-0.002

4320

HIOl - H104320 =-0.002

H11, - H11 =0.004

1 4320

HIZl - Hi24344 =-0.003

- 1074
H13, - HI3394 = 4.987-10

1

¥
nagnvesszamiudans

Hl, - H1 0

1 4320

H2) - H23,5 =0
H3; - H3,3,4 =0
H4; - Hdy3), =0

H81 - H8 0

4320~

HY, - H94100 =0

Hl41 - H14 0

4320~

H15, - H15

1 4320 0

0

1—1161 - H164320 =

H17, - H17

1 4320 =0

H18, - H184320 =0

1-1191 - H194320 =0

H20, - H20 0

4320 ~
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HS, - H5 430 =—0.01
H6, - H6 4300 ==0.005

HT, - H7 300 ==0.005

HI0, - H10,5, =—0.005
HI1, - Hll500 =9215-107
HI2, - Hi2,3,, =-0.006
HI3, - HI3,5,, =—0.003

b3
nasvesseavtiidulans

Hll-Hl =0

4320

HZ1 - H2 =0

4320

H3, - H3 =0

4320

H4, - H4

4320 9

H81 - H8 =0

4320

H91 - H9 =0

4320

H14, - H14

1 4320 =0

HlS - H15 =0

4320

H16 - H164320

H]7l - Hl74320 =0

Hl8l— Hig =0

4320

H19 - Hl94320

H20 - H20 4320 =
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1-151 - H5 =-0.016

4320

HGl - Hé =-0.01

4320

H7 -~ H7

4320 =-0.009

HlOl— H10 =-0.009

4320

H1l1, - HI1 =-0.003

1 4320

Hi2, - H12 =—0.01

1 4320

H13, - H13 =-0.008

4320

v
masgvsdseaviinluilae

H1; - Hlg355=0

H2 - H2 =0

4320

H3, - H3390 =0

H4) - Hy390 =0

H8; - H84355=0

H9, - H9 =0

1 4320

H14, - H14

1 4320 =0

H151—H15 =0

4320

Hi6, - H16 =0

1 4320

H17, - H17

1 4320 =0

H18, - H18

1 4320 =©

Hl9l - Hl94320 =0

H20, - H20

1 4320 =0
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Scheme of Ladkrabang District boundy study.
MathCad6.0+ Programme:

Canal

Concrete node
No concrete node
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foyaSuduvswuuiassrammsnsznnimn luiuinaaansslimiessuun I

2 52 0 [ 6500 ]
1 3 0 6000
2 4 7 0 2000
3800 4000
1 6 11 0 1700
25 12 5000
3 6 8 13 5500
4 7 14 0 5000
100 0 0 16500
9 11 15 20| | 5500
5 10 12 16 | 6500
6 11 13 17 9000
7 12 14 18 5500
8 13 19 0 5000
100 0 0 1000
110 0 0 720
120 0 0 9000
130 0 0 850
140 0 0 850
1100 0 |5500]

(20

20
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30
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20
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32
20
20
20
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20
20
20
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3.0
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2.7
2.7
2.4
23
23
3.5
33

2.5
2.5
2.6
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1.8
2.6
2.6
26

3.0

(3.455]

13499 |

3.886 |
3.241
3.789
3.310
3.180
3.134
2.863
3.837
3.659
3.804
2.887
3.444
3.430
3.783
2.573
3.379
3.468
3.229

[0.755]

0.886
1.141
1.089
0.610
0.780
0.834
0.563
0.337
0.359
0.504
0.387
0.944
0.830
0.883
0.773
0.779
0.868
0.629

[ 0.499 |

(130000 ]

120000
60000
120000
25500
100000
110000
150000
528000
110000
130000
180000
110000
150000
20000
10800
180000
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Fou luisudu
i.=1.2..20
AreaOfEachNodesi =g

o = Li.Bi

TotalareaOfLad := 123859000 m2

20
totallength := Z Li m

i=1

totallength =1.016410°  m Bank :=

AreaofCanali =oly

- 123859000']_" m2
20 !
PIRY
i=1

Rainfallintensity := 2.65-10 3 m/min

(nLl .

AreaReductionFactor := 0.1

VolumeOfRainfallInEachNodei = Ri
-3 3, .
R, :=265-10""-0.1,0L; m /min

v 3 )
gas1ms lnaveni luusazduvesitundnui Tas 115105y Mathcad6.0+

4 1 H(Mi k)-Hi
Q(H,i) = ifl M. . #0,¢B JH -z Y a0
| kgl il \ (Mi’k)( 4 vy )
1:=1,2..4320
t:=90 min

Joulvduanluusdazily
grain(t,i) .= Ri if t<90

0 otherwise

RR(t,1) =qrain(t,i)

4 s 4 i )
feulumssznohusuniosgquihlundazily

q(H,i) = q ifl—ll.>Banki
0 otherwise
P(H,i) .=q(H,i)

maNnuTuHuesnILY 2.65%1032.65%10* 2.65%10° m/min

ailoveaansu 0.1,0.3,0.6
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[3.555]
3.986
3.541
4,789
3.410
3.280
3.734
4363
4237
4.259
4.404
3.587
4.244
3.630
3.983
3.073
3.679
3.768
3.529

[3.499 |

oasihasszshveunseeguiii 5.00,16.00,33.00,112.00,166.00,222.00,548.00,820.00,1094.00 m*/min
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[3.789 ]
3.789
3.789
HM4 ‘= HMS :=
3.789
3.789
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3.445]
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3.430]
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3.430
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HMI14:

HMS3 -

HM?20 :

SLHZNNMINAINAIVDUILUTI1A0S 4320 UIH

mii := 60

hour := 60-min
T =1,864..4320
ji=1,2..6

60-4320-min _ 432 103

hour

u

]

[3.499 ]

(3.241]
3.241
3.241
3.241
3.241

3.241 |

3.499
3.499
3.499
3.499

13.499 |

4 i,
foulvuaain siFeun siduasI(linearinterpolatedyvedturlany

HMI1I(T) :=linterp( Ts, HM1

.T)

HM2L(T) := linterp(Ts, HM2, T)

HM3L(T) '=linterp(Ts, HM3,T)

HMA4L(T) = linterp(Ts, HM4,T)

HMSL(T) := linterp(Ts, HM8, T)

HM14L(T) := linterp( Ts, HM14, T)
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HM20L(T) := linterp( Ts, HM20, T)
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Q(H, i)
B-H,

1.008
9.76

3.54

7.171
3.298
1.857
0.494

6.269
0.31

1.688

13.421

6.059

2.257

2977

0.814

5.493

1.049

0.141

2.071

0.537

danmdamsszumiveunseaguih
20
Rtotal := Z R,
i=1
4 3, .
Rtotal =3.282:10° m /min
TotalPumpingCapacity ‘= 548.00-10-6 m>/min

e Rtotal
TotalPumpingCapacity

20
Z R, =3282-10*

i=1

3282.10*
548.00-10-6

Ratio =0.998
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05
Q(H,6)
o¢

QH,T)
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os
RR(1,6)
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RR(t,7)

vy

-9 Hmsiq1)
at

Q(H,9)  RR(1,9) -P(H,9)
g g ag
Q(H,10) RR(t,10)
010 810
Q(H,11)  RR(t,11)
011 011
Q(H,12) RR(t,12)
92 212
Q(H,13) _RR(t,13)
013 013

4 HM14L()
dt

C(t,H) =

s

nmsfnudsaumseyRusaly 37 Runge-Kutta

G :=rkfixed(H, 0, 4320,4320,C)
Q(H,15) _RR(1,15) -R(H,15)

015 0)5 015
T =G<l> Hl ::G<2> HZ.:GQ> H3:=G<4> H4:=G<5> Q(H,16)+_ RR(t,16)+-P(H,16)
216 %16 ®16
HS:=G” H6:6"" H7..6°"  ng.-g°” QUH,17)  RR(,17) -R(H,17)
017 017 017
H9 =G H10:2:6 7111 269 Hiz:=613 Q(H,18) RR(1,18) -P(H,18)
018 o)g o1g
H13 =6 14 =6 11526 HI6 =677 Q(H,19)  RR(1,19) -R(H,19)
019 019 0)9
H17:=G ¥ H18 =697 H10 =G> 202671 %HMZOL(‘)
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4320
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1 4320

H19, - H19

1 4320 ~ 0201
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Hl4320 =3.455

H2

4320 = 3.886

H34320 =3.241

H4

4320 = 3.789
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Hé6 4320 = 3.469
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No concrete node

Scheme of Ladkrabang District boundy study.

MathCad6.0+ Programme:
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2 5200 6500 20 27 3.455 0.755 130000 %\ o ¥ (5005103 ] 0
1 3 0 6000 20 3.0 3.886 0.886 120000 0
7.313-10% 3
2 4 0 2000 30 2.1 3.241 1.141 60000 : 1.938-10 0
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4 7 14 0 5000 30 2.3 2.863 0.563 150000 6.094-10° 1.615-10 0
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M= L= B .= D.= H:= Z = = 6 1.615-10 q:=
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100 0 0 1000 20 2.9 3783 0.883 20000 7.922.10° ' s 548.0-10
110 0 0 720 15 18 2573 0.773 10800 1.097-10° 2907-10 548.0-10
120 0 0 9000 20 2.6 3379 0.779 180000 p 1.776-10° 548.0-10
130 0 0 850 20 2.6 3.468 0.868 17000 6.704-10 c15.10° 548.0-10
1.615-10
140 0 0 850 20 26 3229 0.629 17000 6.094-10° 12295 548.0-10
994
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& A 9
gouluisuau 3.555}
. 3.986
i.=1,2..20
AreaOfE::\chNodesi Sy 3.541
4789
o =Ly By 3.410
TotalareaOfLad .= 123859000 m? 3.280
20 3.734
totallength .= Z L, m 4363
i=1 4237
totallength = 1.016:10° m Bk 2| 42
1 4.404
AreaofCanal. .= oL
! 3.587
ol = 123859000'1’; m2 4244
3.630
Z L 3.983
i=1 3.073
Rainfallintensity :=2.65- 107 3 m/mm 3.679
AreaReductionFactor .= 0.1 3.768
VolumeOfRainfallInEachNodei £ Ri 3.529
3.499}

R, 12265 107 OlmLm/mm

am1ms‘lwmmuﬂmmaxﬂmmwuﬁ Sau Tas Tusunsy Mathcad6.0+

: 2 H(Mi k) M
Q(H,1) = iff M, , #0,0:B J(H.- 2\ ’ 210
i IZ:I ik ¢ (Mi,k)( i 1) L(Mi,k)"'l"i
1:=1,2..4320
t:=90 min

douludusnluuaazly

grain(t,i) = Ri if <90

0 otherwise
RR(t,i) .= grain(t, i)

Neu"lmn’usmmu‘ummsmaum

o H,i) = |9 if Hi>Banki .
0 otherwise
P(H,i) :=q(H,1)

Nﬂu‘lﬂlﬂ']i‘/l’lﬂ']ﬂ‘llﬂﬂﬂitﬂiw‘lj'lﬂu']

2.2080m. b:=32 m. m:=06 g:=0017 m/min2
Houtersystem "= 3.4

GateRegulator(H, i) .=a-bmy /2-g~ lHi - I—Ioutersystem‘-Bi‘Hi

ANy 5 65%10°3.2.65%10% 2.65%10° m/min
Miledvaansumnu 0.1,0.3,0.6

3 * ¥
Samfdamssznerhusanissgui 5.00,16.00,33.00,112.00,166.00,222.00,548.00,820.00,1094.00 m>/min
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1 3.445 1 3.886] {3.241 }
864 3.445 3.886 3.241
1728 3.445 3.886 3241
Ts = HM1 ‘= HM2 := HM3 =
2592 3.445 3.886 3241
3456 3.445 3.886 3.241
4320 3.445 | | 3.886 | [3.241 |
3.789 | [2.863 ] 3.430 } [3.499 }
3.789 2.863 3.430 3.499
3.789 2.863 3.430 3.499
HM4 = HMS := HM14 = HM20 =
3.789 2.863 3.430 3.499
3.789 2.863 3.430 3.499
3.789 J 2.863 | |3.430 13.499 |

szﬂznmmwamaummunm‘ham 4320 m'ﬁ

mii :=60
hour =60-min

T:=1,864..4320

j=1,2..6

60-4320-min _ 432 103

hour

A & v 9 . .
Nau‘lﬂuuammsmsamamuﬂsa(lmearmtcrpolated)mmﬂuﬂaw

HM1L(T) := linterp(Ts, HM1 ,T)

HM21(T) := linterp( Ts, HM2,T)

HM3L(T) = linterp(Ts, HM3,T)

3 v
uamaumﬁ'uwuﬁ'mmszﬁuﬁmuﬂmaﬁ 123 4814 20 53HINY

M3 lanuunaInug

HMA4L(T) ‘= linterp( Ts, HM4,T)

HMSL(T) ‘= linterp( Ts, HM8,T)

HM141(T) ‘= linterp(‘Ts, HM14,T)

4

HMI1.
J

HMIL(t)
- - 2 -

1000

4

3
HM2.
5
HM2L(1)
=2 .

HM20L(T) := linterp( Ts, HM20,T)

v
autih lugniie

E ) [
cquienideu lumsiyeuAsiduns Alinearinterpolated)

500 1000
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. 1 !
0 500 1000
Ts.,,T
3
4 I T
HM20. | x|
o
HM20L(t)
i 2 ]
. i i
0 500 1000
Tsj,T

Sasfdamssemihveun3eagu), m/min

Riotal .= Z R,

Rtotal =3.282-10%

TotalPumpingCapacity := 548.2-10-5 m>/min
Rtotal
TotalPumpingCapacity

20
Z R, =3282-10%

i=1

Ratio =

328210% _

= _=1.197
548.2:10-5

Ratio =1.197
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4 | T
uma. | B
i
HM4L(t)
2 2 4
) I |
0 500 1000
Ts., T
j
4 | |
HMI14.
e
HM14L(t)
= - A
. l l
500 1000
Ts., T

)

anusInszuailuuaazly,m/min

Q(H, i)
B.-H.
i

1.008
9.76
3.54
7.171
3.298
1.857
0.494
6.269
0.31
1.688
13.421
6.059
2.257
2977
0.814
5.493
1.049
0.141
2.071
0.537
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A ° o a ¢ i
Ppeulumsmuavsanuusineslugthamsng 4 nminr)
dt

4 HM2141)
dt

4 nm3L)
dt

4 HMaL(1)
dt

Q(H,5) RR(1,5)
o5 @5
Q(H,6) , RR(1,6)
96 o6
QH,7)  RR(1,7)
o7 o7

4 HMsL(t)
at

GateRegulator(H,9)
%9

Q(H,9) _ RR(1,9)
g a9

Q(H,10) _RR(t,10)
@10 10

C(t,H) = Q(H,11)  RR(t,11)
011 0]]

Q(H,12) RR(1,12)
012 012

. y - 20 Q(H,13)  RR(1,13)
msmmmmaﬁumsauwuﬁmmy 75 Runge-Kutta 013 013

G :=rkfixed(H,0,4320,4320,C) d—HMl4L(t)
dt

<1> 2> B> <> <5> Q(H,15)  RR(1,15) -P(H,15)
015 s 015
Q(H,16) RR(1,16) -P(H,16)

H5 =G H6'=G H7:=G H8:=G 016 016 016

Q(H,17)  RR(1,17) -F(H,17)

L <10> oM hy 2692 gy g13” o7 o7 ey
H9 =G H10:=G H1l:=G 12:= Q(H,18)+RR(1,18)+-P(H,18)

®18 218 918
“ma-=6""7h1s =6 me=cT” - QH,19)  RR(1,19) -P(H,19)
o19 019 019

<18> <19> 20> 21> S_HMzoL(t)
t

H13 :=G<14

H17 =G H18:=G H19:=G H20 =G
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wadwaizﬁuﬁyﬁﬂuﬂuﬁﬂmd ramsszFuthme
H51—H54320=—0.101 Hll—Hl4320=0

H61 - H64320 =-0.289 HZ1 - H24320 =0

H7l - H74320 =-0.065 H3] - H34320 =0

Hl()l - HlO4320 =0.174 H41 - H44320 =0

Hll1 - Hll4320 =0.507 H81 - H84320 =0

HlZl - H124320 =-0.5 Hl41 - Hl44320 =0

Hl3l - H134320 =0.092 HZOI - HZO4320 =0
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H91 - H94320 =0.171

HIS1 - HlS4320 =0.296

Hl61 - H164320 =-0.438

Hl71 - Hl74320 =-0.041

H181— H18 =0.116

4320

H19, - H19 =-0.201

1 4320

s o" d' ~1 9)
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(Ordinary Differential Equation)%% Runge-Kutta

Introduction to the Mathcad advantage

Mathcad is a unique, powerful way to work with equation,number,text,and graphs.
Unlike any other math software, Mathcad dose math the same way you do. That's because it
looks and works look a scratchpad and pencil. Mathcad’s on-screen interface is a blank
worksheet on which you can enter equation, graph data or functions, and annotate with text--
anywhere on the page. And instead of forcing you to use a programming-like syntax,
Mathcad lets you use the language of mathematics.

The only difference is that Mathcad’s equation and graphs are live. Change any data,
variable, or equation, and Mathcad recalculates the math and redraws the graphs--instantly.

With Mathcad, you can solve a wide range of technical problems--from the simple to
the very complex-numerically or symbolically. You can also visualize equtions and data with
2-D and 3-D graphing. You can even illustrate your work with graphics taken from another
Windows application.

With Mathcad Electronic Books you also get a wealth of mathematical knowledge and
reference material--all * live” and ready to be dragged and dropped into your worksheets.

Most important, Mathcad gives you all the power you need to get the job done--from
start to finish. With Mathcad you can truly do it all--explore problems, formulate ideas,
analyze data, model, test scenarios, select the best solution, then document, present, and

communicate the results.
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System requirements for Mathcad 6.0+ programming

The following are hardware and software requirements for installing and running

Mathcad6.0+

1. Minimum Hardware Requirements
1.1 80386 or higher based IBM or compatible(80486 or better recommended)
1.2 8 MB of RAM configured as extended memory
1.3 20 MB of free disk space for Mathcad files
1.4 12 MB of virtual memory
1.5 A monitor and graphics card compatible with your operating system
1.6 A mouse supported by your operating system
1.7 Any printer supported by your operation system
1.8 A coprocessor is not required but is recommended

1.9 [Optional] Modem or other hardware to facilitate Internet connection

2. Software requirements for Mathcad6.0+ programming

You must have one of the following:
2.1 MS-DOS or PC-DOS version 3.3 or later and Microsoft Windows version 3.1
or later
2.2 Microsoft Windows NT version 3.5 or later

2.3 Microsoft Windows 95

Windows 3.1x users must have Microsoft s Win32s libraries,v.1.25.141 or later, to use
Mathcad. You have an option to install the Win32s libraries during the setup program.

Windows 3.1x users must have Microsoft's Video for Windows runtime files, v.1.1e
or later,to use Mathcad s animation feature and to view animations in the Mathcad tutorial.

You have an option to install Video for Windows runtime file during the setup program.
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(Windows NT and Windows 95 users do not require the Win32s libraries or Video for
Windows runtime files.)

Use of the Lotus Notes database template intalled with Mathcad6.0 for version control
of Mathacad worksheet requires you to have a copy of Lotus Notes 3.x installed. To use the
worksheet mailing feature, You must be connected to one of the the following mailing
application: Microsoft Mail, cc:Mail, Lotus Notes Mail, or a compatible VIM or MAPI
system. To open Mathcad worksheets mailing feature on the Internet, you must have a
Winsock 1.1-compliant TCP/IP stack intalled and you must have an Internet connection
through a service provider. Consult your service provide or operating system documentation if
you have question about your TCP/IP stack. To use the C/C++ programming interface in
Mathcad PLUS, you must have one of the following supported 32-bit complier:- Microsoft
Visual C++(32-bit version) or Microsoft Visual C++ version 2.1 for Windows 95 Symantec

C++ Professional version 6.0 or 7.0, Borland 4.0 or 4.5, Wafcom C++32 version 9.5 or 10.0.

8. System ordinary differential equation

rkfixed(y,x;,x, npoint,D)
rkfixed returns a matrix in which:
3.1 The first column contains the paints at which the points at which the solution is evaluted
and

3.2 The remaining column contains the corresponding values of the solution and it first n-1
derivatives. rkfixed uses the fourth order Runge-Kutta method to solve first order
differential equations.

Arguments:

y must be a vector of n initial values.
X,,X, are endpoint of the interval on which the solution to differential eqution will be

evaluated. Initial values in y are the values at x;
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npoint is the number of points beyond the initial point at which the solution is to be
approximated. This controls the number of rows(1+npoint) in the matriX returned by

rkfixed

D is an n-element vector-valued function containing first derivatives of unknown

function.
4. Ordinary differential equation

The example below shows how to use rkfixed to evaluate the solution of a second

order differential equation at equally spaced point.

y(0) = 1 «—— solve

?

y = -y+2%y
y@= 3
1
y = (3} ' Difined initial condition

First derivative

|

Y

D(ty) = [ 1

o ] «—— Second derivative
-y y
1

0

Z := rkfixed(y,0,0.5,400,D) <+—— Evaluate solution at 400 points between 0 and 0.5

5. System of ordinary differential equation

The example below shows how to use rkfixed to evaluate the solution to the system

of differential equation

’ 2 2
X o = wxX,-[(xp) HX,) 1¥%,

X, = u*xl-xo-[(x0)2+(xi)2]*x‘1



at equally spaced point.

0
U=-02 X (IJ <«—— Initial condition

u.xg—x1-[(xg )2 +(x] )2]*x0
D(t,x).= ) )
u.x] +xg —[(xg)” +(x1) 1*x

Z = rkfixed(x,0,20,100,D)

=0...99
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