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3.1 Meteorology
3.1.1 Tableand Figure S .
' TABLE 3-1-1 ' CLIMATOLOGICAL DATA FOR THE PRRIOD 1956 - 1965

Station PRACHIN BURX - Elovotion of station above Mgy, s moters
e ' > Hedght of baromeier above MsT, 6 ta

Sta A0 ) ) . neters

Index Station . Holght of thsrmometor above ground  4.20 meters

Tatituds - Hoo% X, - . Helght of wind vane abova pround 11,00 metérs

' Longltuda 10 22" . Helght of raingauge : 0,80  moters

Jan | Feb | Mar | Apr | May|dwn | Jul Ang | Sep | Cet |Nov | Dec | Year

Pfessiﬁ*e (+1000 or 500 m53,)

i s B s am | onn |z | | s | ones | s |11,z | 1 | onas
Ext, lax, - 2,30 | 22,06 | 22,281 48,97 | %90 | N3 | 43.30] 15.00 | .65 18, | 2038 | 2,48 ] 2,30
Ext, ltn, ONSS | I3 | @7 | 9371 | 964 | 98,10 | 9066 | 99,54 | 95,20 | 01,50 | 08,58 | 05.95 | 9610
Laan delly range SAB £ 3.55 | .2 ) 531 ) A3 ) s ) oau) sea] aom] oaas | 4 AT Kaes
_ o i .
Tomperature (°C) REK
Bean .81 287 | 3041 30.5) 29,7 | 20,00 265|283 269 222 | 275 | 261 a3
Homn lax, RA| B | BT %0) R ] nol 22 ne] M| ma| ma] mel o
Baxn Min, . Wh | 224 25,91 A et ! A9 ] 6] 6| A5 | A3 | ona %91 254
Ext. Max. B B0 4 B | a7 B0 f s [ oma| 7] A | M| w6 | e LL% )
Ext, fdn, W) B0 | b B8] AT 208 28] 222 20,0 190 | g | 115 .3
Relative Fumidityr (%) ~ 1
thean . Joseed | B3| 639 tad| 2] w3 | myl M9 s ) ma 67,2 604 | M4
Lean Bax, - Sl 2| g9l mAl s} oy | o95a) 99| sha ] se0 ] s My | 83
Losn Hin, BT | A ) M ao | saa o6 | 674l 6a6 ). 69u1 | 6as 52,9 | .7 552
xt, tn, - L0 G %0 | 2.0 A0} 3000 37,0 | s0.0) b0l anof Mo | 20 | 20| %0
Pew Point (°c) | .
Hotn V3] 20| 2 ) a5 A A6 | A As| N BA | 205 | ms| 22

JEvaporaticn (mm.)

Mewn - Pan - W67 | 12008 | 1736 | 2678 | 05 | o227 urs| 136.6 | 4314 | 12008 | 1209 | wmo | 1rzoe
Cloudiness{0=-10)

Bern I B % 3 B R 531 &3 7.8 | 6.3 LA &7F &2 66| A7 L %] 6.4
Sunghine Duration(hr.

Yean | o . Bo Omerratiop
Visibility {lea.) _

o70 L.s.x, SBAE 50l KAl 69 erd so| e7| a6l sal saf a0l 78| 7
Hean . 8,3 2.0 &2 dt2] 01} 4] .89 %8| 4G4 | 0.3 | 40.0 2.4 G5
Wind (knots) - , '
Prevailing wind T r T s ] A ¥ ] ¥ e E - 3 -
Bean wind speed 6] 3.3 291 24] 2] 24 1] 23] 221 30| a4 4,3 -
Doz, wind spoed SARE P R |S3ETIsSSE | 50K [sSHF (A3 ¥ OINZ OV {2 tlsor | mm ﬂnxém;;
Rainfall (mm.) - . ) ) )
Beem = . S 2.8 | 5861 1235 28,7 | 270 | Ma| 580! 13 { s | M7 7.9 | 20013
Bean rafny days 111 2.2 Aol 9.7) A Al 2L 28] 2460 7] A 08 b b4
Grestest In 24 hr, 52 | 8.2 ' 3061 109,0 |.125,0 [ %a.0 | b7 W3] 46,9 Ja2ma | sas | oess | a0
Deyfteas - . 2/8 [ a/m {856 | nfs2 | Bise | | wim| ol ] 2063 | 6/ {267 | e | ek
lumber of days with ' ) : -
Hata oA e | o2z wst s ] a0 ao| ar] asl ss| w2 | sl ws
g - Al 281 43! ohl o1} 00 ] ao| G| oo ozl 1 22] w0
Raly: . eo0f oo | ‘aof a1l oo o0 66] o] o0 onf @0 | oo Out
Thunderstorn a6 | 25 68| e8| 180 1 129 | RS AN 428 ] 03] 23 ] a2 1104
Squall : %01 00| @of aof 00} 00} oo} 00] 00| ool no| ool oo
Remark 1 Eraparation 1981 - 1906
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GLDL&'I‘OL(X}IGAL Il&TA FOR THE PERIOD 1956 w 198%

Station  cwox Burt . Elevation of station sbove MSL © 1 mebtsrs
L : : " Height of barometer above MSL : 2 moters
454! . . .
Index Station 59 . Teight of thermometer sbove ground 450 meters
tituds - : 13 zz B, Helght of wind wane above ground 43,45 meters
Longitude 100° 59 e Height of raingauge o w9 meters
Jan | Feb | Mar | Apr{ May{Jun | Jul | Aug | Sep | Oct { Nov | Dec | Year
Pregsure (+1000 or 500 nte, ) _ ' - N A .
Hean C42,27] 10,86 | 09,87 | 08,34 | 06,86 | 05,38 06,51 €6.53 | 07.53 | 09,59 | 1033 12,28 | 09,03
Bxt, lax, s2.571 20,65 | 19.80 { 18,00 | 48,00 { 42,97] 13.35] 12.97 | .56 | an.22°| 20.60| 2066 | 22.57
Ext, Min, 03,7 fz,2h § ook | 00.26 | ook | orAh ] oe 72 9984 ) a7 006N 1 Oh27 | 0350 | 9744
toan daily renge M65| A66 | AT3f A60 | A5 1 3661 BSH[ 70 A2 [ AT [ A AAg ) A28
\ . ; .
Temperature () 1 o
besn - 52| 223 | 289 205 | 22| 289] 28] 3] mar| s | 27) B 28
Yoon lex, 3.7) 3240 35 A3 36 | 27| 2] M9l 61 7] 36| | R
loan lin, 204 235 | A3 BA] D5 | 5.5] Bl A9 .23 286 ] 221] 204 | D6
Bxt, lax, 37,50 37,6 | 3.8 3B W5 | 374 Ha| B S 3591 W2y W4 68
Ext, Mo, 42,1 1.5 175 204 ] 2.2 20,8 205] 2.4 2.0} 179 #.2]1 12.0 12.0
Relative Hunidity (%) | ’ | - SR8 IR
Bean 62.3) 72 | 2| 79| Aa] mal BS[ %A 03] M| RT| Ha2| B
boan Hax, s ma |l mal sno 0] 82| sl ome2l w2 | %3] 88.0] 8.3 8
tean Min, agB| SA.8 | 55.2] 55.3 1 59.3 €o.h ) 61 A} 62,0 (| 65.8 | 683 [T 55,01 AZS-] 575
Bxt. fin, 20,0} 22,0 | 4s.0] .0 00 a0l Az A%O] 6.0 30 F RO O] 1.0
Dew Point (°C) o _ | '
Bean 18,5 2.4 | 225] 256 A ] 27| 24] 235 2.7 254 0.8) 8.h | 22
Evaporation (mm.) ’ - _
llean - Pan 129,0f 26,0 | 674 | 1A | 1538 | 6.8 1503]| 1299 | 1298 | 1251 | 18,3 | 1387 | W8I
Cloud:iness (0—1 0) )
Bean anof A3 As) sal 23] so| sa] sA] ez} 70 2] A} 62
Sunshine Duration(hr. 5
Eer.n- o Crmerrrtice
Tisibility (km.)
0700 L.5.T. gl 5.7 661 &2| 10.6] 2| d0.7] 0.2] 9.6 85 g0l 7| A5
Tean : 51 27] 93| M9} ] 1M2| 12l 1051 0] %A A3 9.7
tind (knots)
Prewiling wind B s s 5 5 s s s S x 14 4 -
benn wind speed LI 52 5,50 Lal- A2 a9 L6l MBI 35| 3S L3 sl -
Bax, wind apeed “leae, {35¥ |3Bs AGE, |40 ¥ [ 40 ¥ {40 ¥ [aO¥ |ho SV, | A0 NE N0 ME,S |30 KB, |40 BT,
- i _ . . . ]
Rainfall {rm.) e N " P | ¥AST
leen 10.8l 25,3 297 BVA] BLE ] 3] w37 _aés,#' 29,2 ) 2059 '61.3 8.8 | 137109
Bean rainy. days .30 3.0 2|0 B0 k2| kAL 15,3) 0 185] 202} 4.0 6.7{ 1b]| w52
Grestest iﬂ 25 hr. 50.8 2.1 . 55-7 93.9 1053 152.7 79.1 131.0 1&;2 121'5 910‘ 37.? 15-2
Day/Yesr BI?BL sfss | 23fe0| 9f77] /66 | s/eA| N6l 27N e/er | 19/A MEL 4l S
Humber of days with | . . R g1 .
Haze 27.5 25-6 2.0 .2 4-6 0-6 ﬁ.S ) 120 1.2 k.* %7 2_*-1 157.5
ros \ 009' 1.2 0.3 0.2 0.0 0,0 0,01 o-o : _0-1 02 0.* ) 0.2 33
Rail e.0f o0} o0l o0 o0! o6f o00f o0o{ 0ol oof 0o} 0.0 00 |
Thunderstora 0.6 22| 58] BA] .2 750 85f 89| 136} 22 3,9 0.5) 3
Squall 0.0 60 0.0] 0t 0.0 0.2 0,0] 00| 00} 071 0,0 0,1 0.5
Bomawl 3 Praporatica . 1041 = 9945

3-%




CLIMATOLOGICAL DATA ¥OR THE. PERIOD 1956 - 1583

Statlon ko sicuang _ _ Elevation of station above HSL ) 2 meters
Index Station e%o0 Helght of barcmeter ahove MSIL ‘ % meters

atio ot Height of thermometer above ground 120 meters
Latituds B L O . .Heighjb of wind vane abova' ground 12,40 moters
Longitude 1000 48" 2, - Height of raingange _ 0,80  motars

Jan | Feb { Mar | Apr | May{Jun | Jul Aug { Sep | Oct |{Mov | Dec | Year

Pressure (+1000 or 900 mbs. ) . . _
tean | 8] 131 ] 1042 J oot | 07229 06,81 ) 06,85 | 060 | oneh | 00, | 4n37 | 1200 09,34

Bet, Hax, 25,08 | 20,21 £ 20,00 | 97,08 | 6,12] 14,22 | 4395 { b2 | 15.03 | 15.63 20,55 | 20,66 | 23,08
Bct, HinS B.75 ] 2,70 | 03,42 | 00,86 | 99.68{ 98,19 | 98.60 | 00,1 | 58,79 | otugn | oh.62 Ch3h 1 98,19
esn daily renge Mgl Aol a7l osas | ales| sar] s sy | A A3 AR AN b0

_ Témperatu.re (°c) -~

Teen 23| 22| %8| 278 | 226] .2m2] 2.7 26.6 | 20 |- 2 2,2 | s 6.2
fieon Bax, 29,71 30,61 37| 30| =3} 38| 30.3] n.2 30,6 | 304 [ 30.1[ 29,7 31.0
liean l.ﬁr_l:.. : 22,1 H.3) 5.8 26,9 %7, %71 B2 .0 .1 A,51 23,7 | 2.4 25,0
Ext, lax, A0 MA| el w9 .2 BA )] 5] 22| s | ol me| 32 %,%
Bet, lin, B2 mA] 2001 2.2 [ 23] 2.8 21.6] 219 218 18,0 455! 15.0 15.0
Relative Humidity (%) IR
Yean . ' 625 RS- 79 R3| AN BA| R w2 w0 ] mo| 6] 653 75.2
Uesn Mxx, ; 81,7 5,0} 8h7 ] 837 B3.9¢ an9{ 836 B4 { 286 { 89| m.3 77.7 83.8
lean Min, - : 5651 6201 63.6 | 62,6} 65,91 ¢.2] 62.2] 7.4 | 7.2, 69,71 62,31 5551 6h.1
| BteMin, T 201 22,01 39,0 | 4300 52.0| 50| s2.0 | 490 | Mo} W] ;0| 2n0
FPRIPRT '
Dew Point (7C) o 1
Beta 961 @A 25 A5 | A6| A 2.9 230 ] 2 | 2| 2us 19.2 22.9

Evaporation (mm.)

 lean w Pa_é . Ko Otgarvatic
Cloudiness(0-10)
Beon . a8 a3 oas| w7 29| s ea| szl 70| =3l se 6.1
Sunshine Duration{hr.}{ -
tean o . Ko Odervatiop
Visibility {km,)
0700 L.5.T, A 7.3 781 92| 10.7( 11.2] 10.8 10,9 | 10,3 9.6 9,6 8.7 9.5
Mean _ 2.0 kSE 93] 105 8| 3] 1%9] 9] 16 | 10| 1.0 40,2 10.8
#ind (knots) .
Prevailing vind | ¥ LI E-X- | 5 ] ] T ] 1 * ke | o -
Besn wind speed 3.8 521 364 '5.2] 5.2 63{ 39| 62| w2 | A7| 23 2 -
Uax, wind speed B |27 33'2 MK | 500 [ 4357 [50¥ [s0%w [as v 34w loswme [ 328 |50 ¥
Rainfall (mm.) B : ' o |
Zeen 82" 28] 370§ A28 | 70,0 131 | 128.2 | 1m3 (209 | 2%5 ) 6m0 | w22 468
Larn rainy days caal sel oza osa| o] ay| o w2l s | se]| 20| ws| 1oas
Grestest in 2% hr, 231 6.6 ) w062 | 73 1052 |12 | 1007 | 80,2 {190.2 | 1.3 2.7 ] 7] 163
Day/Tesr | R nfm | sfm |15/ | 6/ {6 | sms | oasrmlster |y oo | ym| o/
umber of days with ' : .

. 5“_’“ R 19.9| 20] 18| 9.0] 1.7 63l 02 0.3 0. 14 7.8 1741 81,9
Teg o L.85] 03] 0.9 0,0 { 0,0 o0 "0.0] 0,00 04 ] D1 0.4 0.9 3.7
B3 00| oo] ool 00| o0 0.0} 00| o0 00| 0] o0 o0 . 0.0
Tumderstorn - o0 Ml a7 | 0 184 | s2] 9.9 T7F 6.3 | 8] 677 09 a7
Squal 901 00| oo 00f 01| oof oo o4] 01| ool oco| oo o3

Remark ¢ Date for 4959 = 4965
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CLIMATOLOOTOAL DATA FOR ‘THE FERIOD 1955 - 1988

Evaporation

-4 -

Station  ARKvAPRATHED Elevation of station above MSL 47 meters
' Height of baromoter above MSL ¥ meters
A2, . ApAG2
Inc.os Station et Height of thermemeter above ground. .20 meters
Tatituds 1502 N Height of wind vane above: grmmd ~ 93,00 meters
’ : % T
. Longitude s . Height of ra:i.ngauge meters
Jan | Feb | Mar | Apr| May|dJun | Jul | Aug | Sep | Oct |Nov-| Dec | Yoar
Pregsurg (41000 e 500 abs, ) _ o
toan 13.21) 19| w027 | oasr| onse| o691 | 06,93 | 0508 | osce | qo.3e ] 2,26 | 1333 | on.6r
Ext, Hax. 25,00 [ 22,58 | 22,48 | 1937 5.00) .10 ] 5% | 4427 | 45.05 | 17.77] 20,68 | 22,78 | 2390
£xt. tn, 03,45 ] 01,46 | 2,22 | 99,66 00, | 97,93 1 98,17 | 9052 | 99,73 | 0130 020 | N5 97,95
Yesn daily rangs S.407 5,59 | 5.7 1 s A8z nen] 3.87] Bs | A7) MA9[ kb | B63 | B6S
Temperaturs (°C) -~ _ N N _
T s zal =0 | 2| we| w3 pas| ma | 22| wal 4] mo | ons
Bean Hux, 32.1) 3] 36,0 36.3{ M. 332 24| R0 | MO} M| M7 A 33,1
Foan n, Bl 23] 255 | AS] AS| A3 2.9 29| 2| 22| 24} A6 | 26
Exto Max, 378 39,71 A0 | 7] M) B[ %3 | B.7 | %5 B3| %5 | %0 3.7
. Ext. Kla, WG RS BT | o] NS 203 20f 207 [ 205 7.0 12,9 | 10.0° 78
Relative Fumidity (2) I ' o
e 67| es2| 666 | ma| 7mal suol| sy B | sr] ] ma| e [ B
tedn Hex, sl | anal o eEf SRh] 9A ] P THS| BST B3| 9G] BE ] 2
-Derin 3in, A4 ka6 A 7,51 56,9| 62.1] 89|, &b.A 67.3 0 63.0] 556 | M.S 55.1
e, HMn. 250f 21,07 2.0 26.0] 2.0] 40,0] M0 52,0 42,01 330 28,0 | 28,0 21,0
Dew Point (°C) : , 1 | _ |
Besa a7 | 996 ) 245 | 2.0 2l A4 A0 Ao | N0 31| 209 | w2 | =0
Evaporation (mm.) . '
tean = Pan W76 1 50,3 | 186.7 | 1A3] 1.2 | 35,1 ] 093 | RS | %7 | 36,7 [ 1235 | 1288 | 18057,
Cloudiness{0~10) ' '
Honn .8) 46] AS s8] 62] 78] ao] sa ] a0 e8] s aa 6.2
Sunshine Duration(hr. ' '
lean X CReervatitn
Visibility (lan.) . _
070 L.5.1, 6.2{ 72 &8 | 104} MA| 3] 5] M| 109] 02] 92 73 9.6
Tteen 10,3 ] 10,0 | 10.4 .8 22] 2.2 2.3 124 2,0] 1247 M3 ] 1.0 115
Wind (knots)’ ) ' h
Preveiling wing 14 T ¥ ¥ ¥ ¥ AT Y " " : Rz -
Lean rind mﬂ 2.5 2-5 2-5 2.3 240 2.3 2-5 2-6 241 ‘ 2,0 20‘ . 2-7 -
Hax, wing speed XX |26 50 | 505 [MESINE S AN assl,sass;_aoié.zsm AR |50
Rainfall (mm.)
Besn as| 200 4. | 5| 1.8 | 1000 {935 | 2102 | 203.0 | wohz| Aoz | 6.6 | wens
Lesn ralny days 3] 304 S|  a8) 64| 18,0 194 | 207 | 19.8] B3| 6.0 | 13 | 1B
Day/Tear . ) G/ | /65| /e | 23/681 /66 | 26/e0 | a0fe3 | 23/e2 | s/ | /w0 | 363 | MW § 2/
Humber of days with 1 _ . ' R P
Race 23] 202 195 | el 34| os| o7l o3 | ar | as| 62| wy | 400
rog 60| 32] 08 02| 04 047 02| 031 03| 14kj 20 39| 08
Rail® o.0] o0l oo a0} o0) co| o0} 00| 00| o0l oo oo | 00
Thmdmtom - 0.3 2.3 509 12.2 15_-‘ o 90? ) Q,U 7-9 1005 ) 705 106 0'1‘ 53"‘
Squall 00| o0 0.1 1] 011 00| 00| o0 f G0 | oo| 00| 00| " 03
Remark @ 197 - 1985




FIGURE 3-1-1

METEOROLOGICAL OBSERVATION MAP
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3.2 Tidal Water Level

Table

3.2.1%

20—~ | 9970 — | 09°0 ~ | 'S80 —} Lp0 ~ | BVO ~| 90 ~| 870 —| €870 —| €20 ~ | £8°0 — | ‘ueek
1370 - 18T —| 19°T - _m.m;h ~1 09T — | 89T =] VT~ | 1T~ | 8T | T 98°T ~ | neT 3897
601 = |t <] g0t | et ] et = |t - 1T =] 80T —| 80T =] 80T ~| 20°T ~ | 4"T"T'R
6170 — | %870 — [ ST°0 —] 910 — | 120~ 9270 —| 1870 ~| 0270 — | Q170 — | £1°0 %0 — | CRTER
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OBSERVED TIDAL WATER LEVEL IN OCTOBER 1983
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.3 Salinity

3.3.1 Figure
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FIGURE 3-3-2 RELATIONSHIP BETWEEN PISTANCE OF SALTWATER INTPUSION
CAND ITS DISCHARGE (2)
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3.4 Rainfali Anatysis
3.4.1 Rainfall Stations Representing Watershed
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1.4.2 Basic Statistics of Rainfall
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3.5 Runoff Analysis
3.5.1 River Gauging Station
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'3.5.2 Basic Statistics of River Discharge
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3.5.3 Flood Runoff Hethod

The mechanism of surface runoff may fall generally into two parts;
namoly (1) the behaviour of rain water which flows d@wn a sloping surface
- and pours directly into river channel and (2) the behaviour of lateral
infldw which pours into such a stream. As a simplified stream condition,
the béhaviour of unsteady flow in an open channel with distributed lateral
inflow aldng {4 ghannel. is studied hydraulically to establish the basic
relationship bétweeﬁ the rate of inflow and runoff in a stream or on a
sloping surface.- Hydrographs under this simplified condition are easily
computed for both laminar and turbulent flows, and the hydraulic character
of hydrographs resulting from simulated inflow at a given rate are
inves;igated. The meihod of characteristics was employed to express this

phenomenon. Breif explanation is as below:

If the law of resistance of Manning’s type is used, unsteady flow in
an open channel with a éiven rate of lateral inflow would be expressed for

the practical purpeses by the equations;

A=nx I x R%® x 0 = kQ* and

Thé nethod of characteristics is applied in order to solve the above
: eqﬁations.and the characteristic curves are given as follows:

X d . _dv . dg

1 7 "d&/dn T pk@rt T T g

Wheré,' A @ cross-sectional area of flow (sq.m)

+ Manning's roughness coefficient

water surface slope of flow

.

: hydraulic radiuvs (m)-
: discharge (cu.m/sec) -

; constants

- L - T~ - T R~

time .

distance ﬁlohg channel (m)

+a

. lateral inflow per unit length of channel (cu.m/sec/m)
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This means thai to solve ths former eduations is to solvé the
following two equations on a characteristic‘curve. which is expressed as
df/dt = Q'""/pk. Thus; | o

qdt = pk0Q®~* or gt = kQ® + constant, and
qdX

H

aq or qX = @ + constant -

Taking that constént = {), the flow condition ig expressed for a given
magnitude of lateral inflow g, as; -
o kQ*/q and
kxQr-!

it

ot

i

t

When g=0, it 1s expressed on a charactéfiétic curve given above that
"(A/k)'/*. The flow condition is so given

[H

‘A = constant and Q = constant

as follows: _
% = (@' r/pklt.

Somg_Consideration on Effect of Storage on a Paddy Plot -

The time lag of concentration of runof{ is geﬂerélly-;eéognizgd to be
remarkable for drainage area mainly composed of low flaﬁ'paddy‘BéqauSe of
storage capacitiy on a paddy plot. A paddy pldt surroﬁnded:by_leﬁeeslwith
certain depth of flooding water can - be regarded as a §ma11 reservoir dand,
therefore, the conception of éimplifiéd'reéepvoir:.bperation could be
introduced to take inte account the effect of rain water deposgt .on a

paddy plot.

A storage function is introdeced to calculate the specific runoff

capacity from a paddy plot by the following ?quation:
dY_ - 1 .o
T , |
where V denotes storage on a paddy plot, I and 0, inflow into and

outflow from a paddy plot'respectively, and t time, The above equation can

be divided b& the water surface area?on a plot, A, and tken transformed:
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g
where H shows ponding depth on a plot, i specific inflow
_corresponding to effective rainfall on a plet, and o specific outflow
corresponding to the specific runoff capacity from a paddy plot., A
differencial equation is constructed to solve the above equation by a

computer as,

Hivs = Ho + (RE,, oin = —255g0sb— YA

. where RE., «+: represents sffective rainfall between time t and t+1
and At is a time intsrval given for computation., The specific runeff
capacity from paddy fields is thus computed at corresponding time t, and

then this is considered as a lateral inflow of drainade canal or stream,

Application of_ the Characteristic Method to a Real Ptoblem

{1) For a Slope

lateral inflow
= precipitation

-~ In the case when r #+ 0

it

t = kq*/6r
t o= qu’f'
244



- Fhen r =0
t = pkX/q'7® = 0.6q7% *(H/1'72)0: oK
where, & : conversion rate from mm/hr to m*/sec = 0.2778x10"°
r : effective rainfall (mm/hr)
: discha;ée per unit width pf slope (mafsec/m) B

: equivalent rdhghness coefficient of slope

= g

: slope = sing

N

: flow distance

(2) For River or Channel : As stated previously with theoretical

conception.

(3) For Paddy Field
| - for ditch
As = k@n*

—é}%ﬂ— + ﬂé;§m~ = (2b0) @, and

- for lateral drainage canal
Ay = kQv*®

2 a
R

where, An, Q. : flow area and diéchgrgé in a ditch a
An, Qu : flow area and discharéa'in a laretal canal
k,p : constants '
@ i = 02778 x 107
b éee.Figure

0 : runoff capacity per unit area {mm/hr)
Table 3-5-5 presents basin characterisfics given for flood runoff

analysis, and Figure(p-  )shows the concept of runoff capacity from the

paddy field.
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3.5.4 Blocking of Watershed and Runoff Model Constants

TABLE 3-5-5 BAEIHMQHARACTERISTICS GIVEN FOR FLOOD RUNOFF ANALYSIS

347

sub | si Watershed Area (sq.km) Slope Gradient | River Chan.
u ite : e : ' : ~ ‘
Basin| No Paddy | Upland ) Others | Total ] Pad, | Upld j Othry Lngt| Slops
yep-3 303 6.l . 0.6 266.01 266.04 30041 -2007  30% 30 - 801
-2 8021 215.27] 103.0| 465.6¢ .774.0] 200 170 107 58 1460 [
-1 8011 250.4] 272.1 65.5 -588.0] 200 160 | .10 58 2800
KPS-4 704 19,71 231.21 363.1| 614.0]. 2001 150 401 48 170
-3 703 26.21 304.2 ] 507.6] 838.01 200 120 80% 45 1160
~2 702 92.4 ) 103.37] 605.377 801.03 200! 1507 120 33 1900
-1 7011 161.3} 163.2 65.5{ 390.0% 300| 200 100 50 5000
MPP-1 | 801 195.2 | 218.21% 556.6 1 970.0°1 500( 4501 200 63 6300
HHM-§ 505 6.0 0.0 88.0 68.0% 400} 300 25 8 - 90
-6 508 0.0 56. 5 39.5 96.0] 500 400 15 T 35
-4 htd4 38.8 3.9 131.37 174.01 800 500 60 18] 450
-8 508 0.0 0.0 64.0 64.07 2001 100 60 10 250
-9 509 0.0 6.0 147.0} 147.041{1090; 500 50 20 80
~7 507 0.0 0.0} 232.0p. 232011000 800} . 100 281 350
-3 503 0.0 ~ 0.0 273.0( 273.0] 2007] 150 110 37 300
-2 502 0.0 0.0 159.01 155.0) 500 300] 170 28 40
-1 500 -206.4 ] 340.6} -370.0( 917.0] 2000 800 80 53 1300
UBP-3 4031 246.9 3745 28,67 750,031 1000 7 400 300 40 8000
«5 405 0.0 0.0 107.0] 107.01 3001 2007 130 15 35
=4 4041 230.31 103.6 60.11 394.01 500%F 250 1101 '35 1200
-2 402% 177.2| 262.8] 7 6.0 446,0110007 250 60| - 38 8000
-1 401 | 919.4) 134.8 5.8 1 1060.0}f 5000 | 3000 400 43 8000
HNN-6 306 0.0 0.0 151,07 151.0}) 200; 100 1D 13 450
-5 305. 34.83|. 82.1) 339.6/| 456.01¢13000| 500/ 300 40 110
-4 304 0.03 - -0.0% 114,07 114,01 200§ 100 10 8 80
-3 3031 1749.4 44,13 121,51 345.03 10001 300 60 25 1700
-2 3021 260.3 46.2 . 62.5 1 3688.01} 5000 5000 400 15 1900
-1 301 ) 342.8] 8.0] 147.2¢ 498,07 5000 5000 ] 400 35 3500
KTL-9 209 1.3 24,5 559.21( 585.0) 200} 100 70 38 420
-8 208 3.8] 36,4} 350.8;) 391.0} 200;: 100 201 38 380
-7 207 2.6 - 98,71 293,81 395.01 200| 140 00 331 100 L
-4 204 7.9 100.8 28,31 137.0¢ 200} 1001 100 25 L 2500
-6 208 1.8 82,3 96.9) 181.01 200{ 130 100 1§ 18001
-5 205 7.61 121,21} 488.2 [ 617.0} 20¢ 200} 100} . 4% 1140
-3 203 0.0 62,7 6,3 69.0] 5000 | 3000 2001 18 1000
-4 202 1.3 77.3 7.4 86.0 1 5000 ; 3000 | 200 15| 7500
-1 201 13.7 15. 2 3,13 32.0§500010 3000 }..400} 22} 9000
LBP-17) 117 11,9 3.6 4.5 20.015000; 500 400y - 7 3509
-161 116 22.0| 160.8 16,21 199.015000% 400 400 30 1250
-151 115 12,5 41.8 4.7 65.01 5000} 300f 300] 12 500
-id} 114 12,5 171.34 ~17.21( 201.0] 50001 250° 300 25 830
-13 | 113 27.8 12.7 156.5 56.01 5000 400] 400 3 . 800
-12] 112 .41 250.0 92.6( 344,0]2000( 100 70 185 500
-1l 1l "6.47 137.9 38.74% 184.01 20007 200 10 15 1009
-10 ¢ 110 25,3 53.9] 5.8 85,0 2000 | 200" 300 13 1300
-9 109 26.2 54, 8 7.2 38.0¢% 20001 200 70 15 300
-8 | 108 89.5 77.8 4.7 182.075000| 500} 300 28 2800
-1 107 39.7 | 4156.5 45.8 1 501,071 2000 100 70 25 - 180
-6 106 59.6) . 13.0; 1.4 80,0 20001 2001 200 2511050
-3 103 ] 438.9 82,21 - 4.9 526,0]5000/ 3000 400 451 15000
-2 102 48,14 12.6 8.0 -119.0 | 5000 { 3000 400 81 15000
at’] 1051 104.8) 172.2 2,01 2790} 2000 100(. 70 20 870
-4 104 83.9 41,6 16,61 142,0]5000| 800 | 400| ‘1% 5000
-1 101 0.0 1.6 33.4 35.0§5000| 500 400] - 19 1700 .-



FI_GURE 3-5-2 BLOCKING OF WATERSHED IN BANG PAKONG RIVER
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FIGURE 3-5-3 BANG PAKONG RIVER
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3.5.5 Study of Runoff Analysis

- TABLE 3-5-8 FLOOD HYDROGRAPH [N OCTOBER 1983

. (ni)
Cooanl 301 401 501 601 701 801 kgt.3
2,403 1,933 10,128 2,130 5,241 2,643 1,628 7,502
(ki) (o) (o) (kd ). Chad y (k) { ki) (k)

50hr. - 87,1 203.0 1.1 T 222.0 33,0 101.9 290.2 249.8
55 .. 165.8 237.3 12.2 249.8 137.7 153.4 339,7 355.2
60 © 240.8 262.6 . 13.4 275.2 449.6 177.9 360.3 640.2
.65 286. 4 282.9 14.5 300, 4 579,86 186.3 349.1 863.7
70 314.7 301.3 29,2 " 320.4 622.7 201.8 316.5 945,86
75 353.6 318.5 D 36.8 | - 331.9 615.5 236.8 275.1 957.6

. 80 376.3 331.11 45.0 371.5 602.6 226.9 233.8 971.7
© 85 . 385.7 3298.4 ] 1,097.9 .380.8 584.5 222.9 204.0 085.9
90 365.0 318.2 | 1,148.4. 375.2 534.0 226.0 184.2 931.7
85 " 330.2 312.11 1,156.6 364.7 498.7 238.5 175.2 " 884.2
100 "308.3 310.7'1 1,188,9 365.6 478.5 274.5 173.1 859,3
105 - 304,2 311.41 1,151.1 378.1 481.2 313.9 176.9 866.1
110 314.1 318.71 1,103.2 381.8 522.3 349.7 186.3 905.2
115 . 353.2 | 33z.51{ 1,067.2 379.7 583,2 - 370.9 203.8 061.4
120 393,7 . 341.31 1,054.3| 377.5 646.8 381.4 ~232.2 ] 1,024.9
125 416,3 | © 347,51 1,074.6 377.9 700.3 391.4 260.7 | 1,079.8
130 435.8 347.3 ] 1.126,1 379.4 744, 2 396.7 278.2 1 1,126.7
135 442.5 325.54 '1,181.1 agl.1 776.49 391.6 273.4 | 1.163.2
140 433.3 305.7 1 1,251.7 383.6 787.4 376.6 248.0 ] 1,181.5
145 421.17 282.8 1 1,300.4 386.8 763.7 358.0 - 219.5| 1,166.8
‘159 412.6 261.6 | 1,338.5 - 391.4 716.1 345.3 189.6 | 1,126.4
155 401, 1 244.51 1,359.9 389.7 668.4 332.5 165.4 | 1,084.7
160 379.9 237.4 1 1,350.4 409.0| ~ 625.5 320.5 146.9| 1,050.4
185 348.41  235.5] 1,314.8 418.1 588.9 305.1 133.9{ 1,021.3
170, 215,271, 234,21 1,270.8 427.8 | . 558.3 288.3 125.6 939, 1
175 287.0 233.8 ] 1,234.8 433.0 529.4 271.8 119.2-|. 977.5
180 262.5 231.0 | 1,202.6 - 405.8 503.2 256.3 113.9 830.4
185 242.3 220.3| 1,176.6 371.0 478.6 242.0. 108.9 870.4
180 227,6 208,41 1,154.2 339.6 456.1 228.9 103.4 815.4
195 214.0 ~187.3.1 1,118.7 1 811:1| . 435.4 217.0 97.3 765.4

. 200 201,6 "187.4.1. 1,08L.2, 291.2 417.9 207.8 93.8 [  723.6
205 . 188.0. 180.1-] 1,004.2] -304.2 405.9 205.7 101.0 714.6
210 .- 176.3 179.6 952.1 328.8 400.7 [ 221.4 125.7 731.8
215 "163.9 182.0 904.6 352.9 410.1 263.2 -183.8 761.2
220 152.0 1850 867.6 375.% 453.3 324,6: 295.4 817.0
225 142.0 188.2 864.2 387.9 574.9 381.5° T 405.7 932.6
230 136.3 198.7 882.5 379.1 800.5 421.5 T 466.51 1,146.5
235 144.1 214,5.| - 818.7 363.81 . 982.0 432.9 440.0 | 1,335.8
240 171.7 234.5 1,006.2. 362.5 1 1,041.8 426,2 383.7 1 1,414,7
245 224.0 . 254.6 1 1,239.2 358.9 1 1,007.4 418.7 332.51 1,387.9
250 274.1 269.7.] 1,502.8 352.8 947.3 414.8" 286.2 | 1,324.3
285 3232 263.9 | 1,600.7 342.5 7803.3 409.5 24z.1 ] 1,259.6
260 . .872.6 249.4] 1,596.1 330.8 842.0 403.9 o203.4F 1,197.3
265 423.2 234.6 | 1,545.2 319.6 794, 8 397.8 171.7 | 1,138.3
270 471.0°F 220.21 1,491.% 308.2 752.2 392.2 146.51 1,084.6
275 505,4 207.5 ) 1,440.5 292.8 716.0:1 . .384.5 127.8 | 1,032.9
280 491.7 188.6°} 1,390.2 276.1 685.4 372.4 115.0 9384.3
285 450.2 182.2} 1,341.5 261.7 658.0 360.9 107.6 942.0
280" 414,38 186.9 ) ©1,290.1 249.3 631.6 350.5 105.3 902.2
285 '384.9 182.4 | -1,239.8 249.3 669.9 341.0 105.8 868.5
300 358.8 177,9.] 1,124.8 224.8 592.0 330.4 106.1 837.0
305 L8330 171.0 1 1,152.4 | 208.0 576.2 315.3 105.2 803.5
310 - 306.5 163.41 1,112.0 "182.7 558.5 295,1 102.4 770.4
315 283.2 156.4 | 1,073.5 176.3 536.3.] 273.1 87,1 734.2
320 263.1 150.2 1 1,033.8 168.3 508.8 263,4 82,2 696.1
325 244,61 . 145.2 993.4 163.1 | - 483,51 .. 236.5 50.5 662.3
330 .226.0 141.5 953.3 163.6 463.3 2253.6 94.8 640,3
335 "205.8 138.8 810.4: 164, 8 448.3 213.7 104.9 624,14
“Qmax 507,2 349,71 t,612.2 433.3.| 1,041.8. 433.2 466.5 | 1,414.7
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DESIGN FLODD HYDROGRAPH (W=1/50)

TABLE 3-5-7
{(nd/85)
201 301 401 501 601 701 801
2,483 1,833 10,128 2,130 5,241 2,843 f1,628
(k) (I ) (d) (led) (kt) (ki) k)

Shr 6.5 1.0 2.1 13,1 10.3 . 4,8 10,1
10 1.1 2.8 4.7 29,6 23.3. 10,8 22,6
15 1.7 3.5 7.3 46,0 36.2 16.8 35,2
20 2.3 4.8 9.9 -374.2 .49.1 22,1 47.8"
25 2.9 6.1 12.% 555, 4 $2.0 28,7 . 80.3
30 3.5 7.3 15.1 728.1 74,8 "34.7 127.7
35 87.6 2.8 17.7 S01.6( . 87.4 82,1 421.4
40 340, 538, 20.4 | ‘1,066.8 2701  297.6 621.3
45 666.4 716.1 23.0 { 1,228.4 1 1,109.7 £33.9 814.2
50 875, 4 B51.2 71.6 | 1,397.8 | 1,854.1°] 561.1 1,089.5
55 1,005.2 933.7 13,0 | 1,874.8 | 1,888.5° 836.7 | 1,200.7
50 1,156.2 824.0 | 3,372.5 | 1,784.0 ] 2,486.3 946,01 1.092.1
85 1,206, 2 ggg.8 | 4,150.9 | 1,553.61 2,421.9 880,.2 8507
70 1,275.6 6§20.7 [ 4,871.0 | 1,320.17] 2,130.1 814.,7 -645,3
75 1,528.5 576.3 | 4,773.4 { 1,13v.9] 1,888.3 763.8 494 .2
80 1,366.5 556.4 | 4,327.7. 961.7 ] 1,713.6 742,9 388.,6
85 1,267.5 534.8 | .3,810.3 ga6.7 1 1,583.0 782.7 325.3
80 1,122.7 509.8 | '3,540.5 80,6 | '1,523.8 891.9 301.8
-98 £,050.8 475.8 1  3,220.5 580.81 1,538.7 488,8 ¢ . 303.1
100 844.2 | 434,5 | 2,958.8 502,71 .1,585.7 ] 1,060.4 319.7
105 833.6" 406.8 1 -2,782.1 466.41 1,883,801 1,009.7 354.3
110 808.7 375.7 | 2,701,1 481.2 1§ 1,785.9 | 1,109.3 "418.5
115 857.%2 352.1 | 2,685,.4 500,31 1,786.6.] 1,087.¢ 486 .1,
120 505, 2 332.8 | 2,734.8 . 544.6 |- 1,842.0 | 1,08B.8 560.3
125 - 954.,5 318.0 | 2,816.5) 581,50 1,801.6 1 .1,082.7 " 604,2
130 988, 2 312.1 | 2,913.6 573,565 | 1,818.4| 1,061.6 603.3
135 966 .2 326.0 | 3,004.% 531.0 ) 1,205.9 8944 535.6
140 929.0 335.4 | 3,037.6 494,81 1,781.5 | . 812,81  442.4
145 900, 4 351.7 | 2,888.2 462.31 1,616.1 840,5 360, 1
150 862.9 363.6 | 2,867.2 437.871 1,455.1 T80.6 285, 1
155 614,65 377.0] 2,872.0- 457,870 1,326.7. 731.3) ~248.8
160 737.2 394.3 ] 2,468.3 505.0{ 1,227:.8 685.2 221.9
165 £58.6 409.6 1 2,310.7 41,7 1 1,152.8 1 . 642.0 212,90
176 590.4 423.0 | 2,232.0 672.5| 1,006.0 ] -~ 603.2 212.0
115 %27 .1 435,01 2,198.0 590.5 1 1,052.4 1 ¢ . 5B7.4 217.4
180 474.5 421.6{ 2,172.9 541,6 | 1,007.9 528.86 219.9
185 329, 1 384,51 2,147.4 486.0 963.4 482.0 215,38
190 385.9 350.8 ] 2,081.1 438.0 909.3 434.5 204.7
195 342.5 321.31 1,973.3 39%.8 844.6 391.8 189.4
200 304.3 296.0°| 1,8582.1 361,2 778.9 "354.1 171,86
%05 271,11 274.,4 | 1,733.8 328,51 ° .7T14.1) 320.9 156,40
T 210 242.3 256.0 | 1,615.6 298.5 -653,3 - 281.89 140.3
215 217.2 240,1 | 1,502.3 273.2°) - 598.9 266.9 125.5
220 195.4 226,01 1,396.5 246,57 - 548.8 | - 244.9 _113.0
225 176.3 213.2 1 1,296.6 220,7 $03.5 T 225.4 102.8
230 158.7 201.7 | 1,206,2 1982 463.7 207.8 94.1
245 145.3 191.3 | 1,123.4 179.0 428.8 182.3 86.1
240 133.1 181.8 |- 1,044.8 | 162.7 397.4 178.3 79.5
245 121.7 173.10.] - 972.4 148.8 S 368, 1 165.8 1 73.9
250 111.4 165.2 907,9 136.4 343.8 154.5 69.2
255 102.3 158, 1 850,95 124,7 321.3 144.3 85,3
260 84,1 151.5 798.3. 118.9 301.3 "1358.1 62.0
265 88.7 145.3 753.3 104.4 ) - 283.3 126.7 59.1
270 80,2 138.8 711.5 96.2 267.2 . 11871 56.7
275 74.3 134.8 673.7 89.0 252.5 112.1 54,6
280 68.9 150.2 639.0 82 .6 239.3 105,8 52.8
285 64.1 126.0 607.4 77.0 227.3 1001 51,2
290 59.8 122.1 578.8 72.0 216.3 94.8 19.8
Omax 1,367.9 9353.7 | 4,871.671 1,876.2} 2,517.9] 1,110.21 1,204.5
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TABLE 3-5-B DESIGN  FLOOD HYDROGRAPH (w=1/2)
201 301 401 501 601 701 801
2,493 1,933 10,128 2,130 5,241 2,643 1,628
(ki) (ld) { Wk ) {tt) (d ) ( kd ) (k)

5hkr 0.1 0.2 0.5 " 0.8 1.4 1.8 2.0
10 0.2 0.3 1.0 1,9 3.1 3.6 4.5
15 0.3 6.5 1.6 3.0 4.8 5.6 7.0
20 6.4 0.7 2.1 4,0 6.6 7.8 9.5
25 0.6 0.9 2.7 5.1 8.3 9.7 12,1
- 80 0.7 1.1 3.3 6.1 10.0 11.7 14.6
a5 0.8 1.3 3.8 7.2 11,8 13.7 17.1
10 0.9 1.5 4.4 47,7 13.5 15.7 52.1
45 1.0 1.7 5.0 58,9 15.2 26.6 63.6
56 1.1 1.8 5.5 68.5 17,0 76,3 123.9
55 1.4 61.3 8.1 79.9 18.7 102,86 152.5
60 2.0 75.2 5.7 80,0 48,5 126.4 173.8
65 138.86 79.2 7.2 98.5 136.0 137.7 182.7
70 140, 2 78.9 7.8 108.2 313.5 141.2 181.0
75 140.2 78.7 8.4 118.4 346.7 163.6 172.7
80 141.9 - . 79.7 8.8 126.5 351.2 163.8 161.0
- 85 142.2 79.0 16.4 131.3 355.0 153.2 148.5
89 142.9 75.2 18.8. 131.5 354.8 141.2 133.1
. 85 . 136.7 £8.8 21.2 137.8 332.8 129.8 116.1
100 126.0 62.8 22.9 143.3 306.8 117,49 100.8
-105 115.9 57.3 565:3 136.2 279.5 109.5 87.4
110 108.3 52.5 578.9 126.3 253.2 103.2 75.8
115 104.0 48.4 568.5 117.2 229.5 88.7 66.1
120 101.9 45.1 555.1 110.0 210.4 96.8 58.0
125 - 101.1 42.9. 531.5 104,2 194.1 92.3 51.2
130 100.8 41.1 499.8 98.9 181.5 87.5 45.4
135 88.6 "39.8 46% .7 4.2 172 .17 83.0 40.6
140 85.4 38.4 . 432.9 88.8 163.4 79,2 36,4
145 92.86 37.5 404, 7 82.2 154.5 77.1 32,9
150 0.2 36.8 380.4 75.7 146.7 75,9 29.9
155 88.1 36.2 | . 358.9 59.8 139.9 75.0 27.3
‘160 - 86.6 35.8 341,90 64.4 134.8 74.5 25.0
165 85.0 35.5 325.8 59.5 131.4 74.4 23.0
170 81.7 35.3 309.7 5.1 128.8 74.5 21.3
175 76.5 35.2 283.5 51.1 126.8 73.4 19.7
180 71.5 85,2 278.4 47.4 124.8 70.8 18.3
185 66.8 35.3 264.,7 44.1 122.5 B8.1 17.1
190 .. 62.3 35.0 252.6 41.0 118.7 65.6 16.0
198 58.1 34.0 242.4 38.3 1151 63.4 15.0
200 54.3 532.7 233.7 35.7 110.0 61.3 14.1
208 50.8 31.4 225.8 33.4 105.2 58.5 13.3
210 475 30.90 218.5- 31.3 100.8 57.4 12.6
215 44,6 28.8 211.5 29.4 96.8 54.5 11.9
229 41.8 27.6 204.7 27.6 83.1 51.5 11.3
225 38.4 26.5 197.8 26.0 89.7 48.7 10.8
230 37.1 25,4 189.9 24.5 86.1 46.1 10.3
235 35.0 24.5 181.7. 23.1 82.0 43.86 2.8
240 33.1 23.6 174.1 21.8 77.8 41.3 9.4
245 51.3 22.7 166.8 20.6 741 39.2 9.0
250 29,7 21.8 180.3 1.5 70.6 37.2 8.6
255 28,2 21.0 154.1 18.5 67.2 35.3 3.3
260 26,8 -20:2 |- 148.3 17.8 64.1 33.6 5.0
265. 25.5 1804 142.9 16.7 61.1 31.9 7.7
270 24.5 18.7 137.5 15.9 58.4 30.4 7.4
275 23,4 18.0 132.0 15.1 55.7 29.0 7.2
280 22._2 17.4 126.5 14.4 53.3 27.6 6.9
285 21.1 15.8 121.3 13.8 51.¢0 26.1 6.7
290 20,1 16.2 117.3 13,1 48.4 25.2 6.5
Gmax 142,17 79.9 579.1 144.1 362.1 166.3 182.9
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36}

3.5 HYDRAULIC ANALYSIS

Method of Analysis

~ In a watershed, runoff caused by rainfall therein is governed by the
topographical characteristics and appears in the river or artificial channel
with some delay in time. And the runoff in the channel is them governed by the
hydraulics of the channel. "In case flow capacity of -the channel does not meet
the runoff or in case the flow in the channel is restricted due to backwater
from the downstream the runoff remained from the discharge causes innundation
at the place. Such phenomenon emerges not only in channels but also in
culverts across roads, siphones, gateways, drainage puming statioms, etc. Such
situations are commonly observed in the low flat aréas._ In order to precisely

simulate the sphenomenon, so-called continuous reservoir model methed is availab

. The water balance study is therefore made thereby. .
Qpntiﬁuous Reservoir Model

The continuous reservoir model assumes that each of a number of blocks
divided into from a watershed is an reservoir with storage functions
characterized by H-V and H-A curves. What conmect two reservoirs are drainage
facilities such as channels, culverts, siphones, gateways, pumps,- weirs, etc.
The move of water between the wo is generated by difference in water levels and
governed by the hydraulic functions and dimensions of the facilities, and
causes difference in stored volumes in the componeht reserveirs. Differeaces
in the storages are then calibrated into differences in the water levels to
parsue the further changes in the storages and water levels. Coneceptual image.
of the model is shown below ‘

I~ — = < L @ipock o
B I e e 0 Qs;:VOLUME MOVED
| | ~ F , (Q‘f—Qj,‘\)

J; RUNOFF BY RAINFALL

' CONCEPTUAL IMAGR: CONTINUOUS RESERVOIR MODEL
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A continuity equation for an arbitrary i ‘th block is given as.

P T Y}

la ™
It

where V, = storage volume in i ‘th block,
[ = flow into I ‘th block; i.e direct runoff within the bloek,
' Q&gz_flow from i ‘th block to j ‘th block (reverse is negative), and
i = time

For application of the model to the blocks in a watershed, the change of
water level in a unit time of calculation interval At is generally
anticipated infinitesimal. Accordingly, an approximate equation below may be
justified.

Z=1+41

IMAGR OF CROSS-SEETION OF BLOCK RESBRVOIR

AV = A-(Zt-t)az == - @

where AV = ineremental storage volume,
A = innundated areas (given by a function of Z),
AZ = incremental innundated water level, and
7 = innundated water level.

Subsituting the equation (2) for the equation (1), then

dzi _ ! L |
dt = A(z) (L’_EQ«‘J‘) R

Changes in water levels may thus be calculated. [n the above equation, A(
7. dand 1; are derived from the water level- storage curve and runoff analysis
in each block respectively, while @i, are from water level differences between
the reservoirs and functions and dimensions of the hydraulic facilities.
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The equation (8) is formed s;multaneuusly in each of whole N blocks, and
therefore the study in changes of 1nnundated water levels is to solve N numbers
of simultaneous differetial equations. Some of numerieal analysis methods such
as Runge-Kutter-Gill method for instamce, can accordingly be employed.

Flow Contition Bauation

Bach reservoir bleck is mutvally connected by am arbitral number of
drainage facilities and the flows through them are governed by water level
differences. Flow condition equations are equations to calculalte the flows
through thie various drainage facilities, and are expressed in terms of water
level difference by substituting hydrauwlic functions and dimensions of the
facilities.

The flow condition equations for various drainage facilities are given
below.

i) River channel

"M_L___
] TN Wi BLOCK |
. 2 1 o
Z3 D Qu ‘ \\ . .
Ly W. in BLOCK j
;ﬂf—-————”--—-‘—fﬁﬁvﬁﬂ?”“L—"~
w7 ST BL | Sec. i
| BLOCK | BLOCK i |

Flow between i “th and J th blocks is assumed to rum by grav1ty by the
water level difference AZ z2nd by Manning s Formuia, then
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*J"" Q,/; LJ
= '/\£T§ng'(—5§g$l—-{{5

_ {
= g (M ROGZT - e ()

_ Genefally in the flow channels, AR*/® equals aD * (a and b are the
constants while D is the water depth) and substituting this for the equation (1)
, then

S
Qy= nm‘:r e ‘9“ a2y
: i+ 2 !—4“
=——-——--—-x ,t,___._.r-.L x ———
are S'LLJ)

~In the equation (2), Lise s bry and Sill-BL., are identical in each
block so that GQ:, can directly be calculated from water levels in the blocks by
giving those identical figures in the equation in advance.

in the equations (1) and (2), 7, nd Z, are the water levels in i ‘th and
j “th blacks respectively, a,, and by, are the constants, n is the Maming ‘s
coefficient of roughness, AZ is the water level difference, 1 is the distance
between the two blocks, and Dy, is the water depth.
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3.6.2 H'ydréulic Model Constants

TABLE 3 -6 -1 FLOWING CAPACITY OF REVER CHANNEL

Section | Distance Sill Flowing Capacity

No. L (km) El(g\{?rtﬁou_ T a e b

1 5.0 - 9,20 39.801. 1.945

2 5.0 -~ 9,00 | 50.654 1.870

3 5.0 ~15.30 16.624 2.023

4 4.0 - 7.10 29.378 2.178

5 4,0 ~10.10 -] 45,388 1.895

8 4.9 -~ 8.60 52.468 -1.831

7 5.0 — 10,60 | 31.042 2.034

8 8.0 ~ 7.10 58.522 1.986

9 6.0 — 7,60 | 113.171 1.688

10 2.0 — 8.20 68.763 1.874

11 2.0 -10.00 | 163.234 1.381

12 - 3.0 — 9.10 | 119.077 1.6536°
13 4.0 — 8.80 | 165.521 1.450

14 4.0 ~ 8.60 | 152.124 1.524

15 4.0 ~11.90 | 121.985 1.506

16 4.0 —11.60 69.057 1.841.
17 4.0 -~ 8.70 54.048 2.027

18 5.0 - 6.90 66.430 1.974

19 5.0 | ~—12.60 | 55.722 1.891
20 5.0 - 9.20 | 74.820 1.947

21 6.0 ~ 6.70 |134.509 1,902

22 5.0 —11.50 79.058 1.802

23 4.0 ~ 7.10 | 120.470 2.023

24 4.0 — 11,30 78.469 1.893

25 5.0 - 8.70 | 118.659 1.960

26 6.0 ~10.00 | 52.092 2,196
27 5.0 —12.40 | .20.109 2.456
28 4.0 —~ 6.20 | 184.639 2.276

29 4.0 — 6.20 |} 184.639 2.276

Remarks : AR™ = a Db, D = water depfh (m).
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FIGURE 3-6-1 BLOCKING DIAGRAM OF BANG PAKONG RIVER
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FIGURE 3-6~2 DIAGRAM FOR SIMULATION STUDY
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'3.6.3 Study of Hydraulic Analysis
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3.7 Operatio OF Tidal Protection (ate
3.7.1 Water Demand and Water Supply

Annual discharge at diversion dam site is 7, 931MCM in Béng Pakong river.

This details are as fbfiows;'

Wet season;May to Oct. .... 6,827 MCM (86%}
Dry seasoh;Ndv. to Apr. ... 1,104 MCM (14%)
Total 3 7.931 MCM

On the other side, annual total of water demands is 323.8‘MCM and its detai

s are.as follow&

Irrigation : 151.2 MCM (46.6%)
Industry  ; 129.7 MCM (40.1%)

Water Supply; 19.0 MCM { 6.9%)

Fishery  ; 16.7 MeM { 5.2%)
Maintenace : 7.2 MCM { 2.2%)

total 323.8 (100. 0%)
That is to say, 86.7% of water demand of Bang Pakong river comnsists of irr
igation and industry water. Another 13.3%% of water demand is used for water supp

ly , fishery and maintenance.

Monthiy funoff and demands'are shown on Table 3-7-1.

3-67



UIUOK/WOKOST=9/HOKVOTT
HA.HQm 01 .>ozvcowmmw %Hw ui Islem llounl Ugail »ﬁﬂwcozﬁmv
YIUOH/WONOFTT=9/WONLZ89
${"150 0% AeBjj)uOsSEesS j8M Ul ISjEM JJOUNI UEBSU ATUIUCH(Z)
T90°0=186L/2°828:1€107 Ul OT}BI HUOTIBZITTIIN ISIEH(T)

18330U
007 27 69 1°0% Z's 9°9¥ % 01LVY
£ 109. 8 8T8 ¢l 61 L6271 L9 ¢ 161 . 1864 WiloL
6T 8¢ 970 81 11 I 6 L1 59 VLl VK
708 9°¢¢ 90 g1 66 €8 £.°1¢ 98 L8 ddd
7°9- 788 9°¢ §'1 il [ 1787 o1 68 NV(
¢ 8¥ § 28 g'C §°1 11 z'1 781 08 18 244
g0T¢ ¢°1% 80 §°1 4701 §°1 69 081 23 AON
6 656 1708 8°0 §°1 11 1°0 691 0LE 066 AReLY
g 1E¥1 Z°8% 970 §°1 L01 1°0 £ 81 08§ 08¥7 448
g6581 708 9°0 L 11 £ 9°91 02¢ 9861 onv
61871 LT 80 91 11 [ A 077 8811 14f
¢ gy0l ¢ ri 80 91 L°01 vl z°0 01v 1901 NAf
1L3Lk 647 g0 L1 11 0 9y 082 Gl AVH
6 'GLE 1727 5°C 9°1 L01 81 VL 06T 86¢ 4dv
HOW WOK KOK WOW WIN WOW WOW /gl ROW
snidang | 71230l Pueusjulepy A7ddng g | AX3snpuj gysyJ Uorle8IiIj] Isley
. SPUBWB( Jales HLNOW

OIGE[IBAY

NOILVEddO HELYA ONIdALd ATHLNOK = 1-u-¢ .mAmmw

3-68



3.7.2 Gate and Water operation

The peak of discharge at diversion dam in Sep. is 1, 460MCM (560m3/s).
As the total gate span of diversion dan is‘150m;the-unit_diécérge per one meter
is 3.7 m3/s. On the other side, the minimum discharge in Jan. is 32 MCM (12.0

n3/s). Monthly water shortage ocecurs only in Feb..

Taking into consideration of the condition of runoff and run-up of salinity,

the gates operation will be decided as follows.

Wet season; Jun. to middle of Nov. .... All gates are opened
Dry season; Middle of Nov. -to May .... All gates are_closéd,and water
level will be controléd'by two régurating gates.

Outline of this opration is shown on Figure 3-7-1.
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FIGURE 3-7-1 MONTHLY RUNOFF WATER IN BANG PAKONG RIVER
AND WATER SUPPLY PLAN
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4.3 Pumping Station |
4.3.1 Study on Sedimentation Basin

The minimum size of sand particles to be trapped in sedimentation
basins for irrigation water is generally 0.3 mm in diameter, although
depending those conditions of gradation curve of inflow sediments, amount of
sediments in canals, ete. '

The particle size of the sediment sand in the Bang Pakong River of the
Project, will include less than 5 percent by over 0.3 mm diameter and found
most by silt and clay with diameter by 0.074 mm, judging from the gradatmn
tests of the sand along the surface of the nversme In consequence, the
suspended particles included in the surface of the river flow are deemed most as
silty and clayey materials, and there will be little adverse effects expected to
pump impeller as will as to sedimentation on the canal bed. |

In other respect, since the whisky factory near the Tha Lat River has

been taking the river water by about 240 thousand cubie meters to use after h
storing in the reservoir where very. little sediments can be found it is
considered unnecessary to prov1de a total sedimentation basin for the pumping
station. It is, therefore, the proposed pumping station shall not provide a total
sedimentation basin, but a intake canal with the under - mentioned dimensions
at the upstream of the pumping site so as to prevent inflow of sediment
material from flowing into the pumps.

Mean velocity ; 0.15 ~ 0.30 m/s
Flowing duration 330~ 60 sec

48
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4.3.2 Study on Cavitation
1) - Study Conditions

Design discharge / unit
Design actual pump head

- Lowest discharge water level
Operatable minimum suction water level
Suction water level at minimum actual head
Finished floor elevation of pump room
Total pump head

- Q = 240 m*/min
ha = 540m

Min.D.W.1.1.39m .
Min, S.W.L.(-)1.90m

8.W.L.1.39m

EL.4.30m

Horizontal shaft type ht = ha + hl = 5.40 + 0.80 = 6.20 m
Vertical shaft type ~ ht=ha+hl =540+ 0.70 = 6.10m

2) Conditions for Planning

Axial flow pump ‘Mixed flow pﬁmp

Specific speed (Ns) 1,500 900
Rounding Speed (N) - 375 rpm 225 rpm
Suction specific speed (S) 1,200 1,300
Pipe loss head o |

Horizontal shaft type (his) 0.30 m 030 m

Vertical shaft type (hls) : Om 0m
Atmospheric pressure (Pa) 1033 m 10.33 m
Saturated vapor pressure (Pv) 0.33 m 1 0.33m
Allowable suction head (B) 050 m 0.50 m

3) Study Result

The vertical shaft tYpé mixed flow pu.mps will not cause cavijtétion'in

every range of operation, but other types of pumps will,
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TABLE4-3-2 LOSS HEAD OF TRASHRACK

SZMnOLl -
Hs. _wBSWL.
H=2.10 Vi _ Va2
gEL-340 }
e UL ""d""4oo

Vi = =0, 470! /B

B-H 405x2l0

The trashrack loss head can be estimated by the following c¢duation.

a y?
Hs =6.68Xsin8 -(t/b)* - exp(0.074 X 1ax"§) : ?
. .‘ g

where

H s ; Loss head by trashrack (m)
a ; Height of trashes adsorbed (=0. 50m)

v a ; Trash weight by. unit volunme (=200km[fﬁ).
@ ;Sloping angle of trashrack (=70')

H ;Water depth at the upstream of the trashrack (=2.10m)
t ; Thickness of trashrack bars (=0.009m) |
b ; Mesh size of trashrack {=0. 050m)
g ; Gravity added (=9.8n/s%)

0.009% 0.50 [0.470% .
H s =6. 69X51n70X(-—ﬁ)Xexp(0 074X200X~—-—_)X~w*~“»—9 244m
.05 2.10° 2x9.8

The intake losses and some_éllqwance shaii_he_added to the above result

to get the trashrack 1oss_head by Hs=0.30m hs design value.
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FIGURE 4-3-1

PUMP OPERATION UNITS FOR ANNUAL WATER FEED
{ln each return period)
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4.4 Control System

4.4.1 FFlgure

FIGURE 4-4-1 Location of Gauging Station(Prachin Riv.) .
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FIGURIE 4—4—2 Location of Gauging Statidn(Nakhong Nayok Riwv.)

' BAN SANG STAT.
.28 29 730 _ 3 32 - 33 10'34 35
T 5 ~= T ) + ” T ] * Y n Y] 3
N . * . £ Elan hk Kﬁlong’Bano Hn“i <
.=_°‘ » "‘Immauﬂmm}

Bl 2
Nongd™vdi,

S S '0\‘1‘?[’}

\'

u £l u
3 Eung Ghnrgkhnd's CEE SN
& nuumft pily L
+ S \ u o on
W R . ansYothaka & = . s s8] F o» s
] e & EY E = _2. u R 1
1uTnﬁ;nﬁ . N 7
A A x EY » E BN x
= 2% . I.
Lo La Ban Ghorekhe
Tal+, &

A R L PR ]
Hok. Wa I\b 8: 2.,
é\ﬁ!r{ !JI B

Wl

4o

= .'._z Save m-‘%

..
Y

J & o Inmaaze g
8ap Kh_l_onq_Hok‘Wn}-‘o 12 1'"30},4;]-‘.,,, i

A Chorakhs Tal
ALARA 2 ~ ra 0
Ehingasnnyipy 'e pBan Pak Khiong Hok Wal

g, ), L

2L ) L. £
[ri L‘mﬂ'ﬁﬂaﬁﬂ')'} o - 5 PR o TRt =
- [ = a [N L ¢ % 08 . . o f
B BECE S kky_%\;kﬂ,,ﬂ,.ﬁr~_ K xntong fne S L L
x N N [ > 4 1n2 a - % P ']ﬁ“ﬂ,};‘ﬁ‘ [ Ll P L H N % =
Lok a Eooa Lo » A e acla 2% s PO S - -
l i B PR = ot L 2 .a oa
P = b B 144—_\ VTR Y
%‘r—-: ek a 3 PR o Y . »
L Pl . % [N 5
x s . S = - T ol 1T
- u . b " Lo LA e
N » [ a s A e ¥ ﬁﬁ:"‘?\‘”? AT x v [
1 [ . e % Y N H -
S B & .
PR -+ N . A % b EN
A » ~ L P 43 v AN
40 Ban .Buns Te. Hum A ‘\Enn Tha Ghmu
: “‘\memmL RN AU

aﬂ_p ¥ :D;
* ‘L&

an Bang Ph

1 1 :
Khlung;Yl Sip § N\J 16- - a - * :\
' m LRBRE:

:ﬁﬂﬂaﬂﬁﬂta

. 3 e

¥
_..--/

L Ta -k 4';«
ﬁum.r Tu thng 5
%\Hkﬂ‘!i‘ﬂm!}l L s ot s

a - * »

Nong Sd"o% » a8

e [
~cwopvoila¥ o

; ;Satban.l Khlor\g YL Sip Et
MY 4'1n‘$_mﬂqm o

" N Song Tod> * °
2P * . Nang oAt ot
3 gk A RO LT LT RS R I
g & NN
Vgs | |+ 3 . a u
: s si Hong ToPKhteos -+ = o
?1 a [ ﬂ!‘om1 “JU‘)" s A & %\ £
e - » .. 5'- 0_ LS A X o c ol b
b, = % ?",’, aan Kh.Ian_Y.I Silp N4, 9 g .)

421



#) 7 ARITTRN A ,. / .....T_. N
Z VAWM,Aw/\. WFa X

R .,.\\

T

P at
.\ LA

. . —,\ g - \(\\\ - .,._”....._..... & )
NP TS L GRNNY
A # \\..N R ./ .C..., _
23ney HO...P@ A4 ...

NI . . L MAR %,
. - . " 3 b
I : A -
= 1 o 1\ e - :
. . . . il B 1}
H ot - Ay 1o v - i
2 , o T ; : X
- L : . = o AL [ . . " . 2 " n oo E
- il . e e L S f . P A L d N S z L7 , N\ )
ey | N e bl /A F . TN b AL LA % )
= ik > oSN AP/ B N . . s ; A CAT 3N N 3 AN
[t 5 N Lo - s %> ” ; R Nja =T ALY
) Ant A P 2 Y - -~ at o Y )
: v ) - = v <EERATNY . F ) F
7 4, K . ; o B, N - 3
B T = B 1%y W 3 . = = g 3 ) )
.. 1 . v 0 h L
N iHH t . W - A
- ol P e R e T e T b Rt = A : 2
. S R O T O S LR Haarl . (i A . 2 N
MO z * T ———, - - - -
L Ll il Y28 TG T PR YR WO s TR . S S el | I EE LIS T 3 ST TSI o S NI T Ty
CF B . \2 o - . - -~ -
A . 4 RN R R T 2 N,
7L NS AT Ak | = N A7 o
7] PR . ) u P | X Nt E iy,
2t 4 N > “H. . - 3 h - r
o Nt 2 " AN
i I LN v -
. v i A =)

R T
.\Y\ q 7w \\ \\J

T |
< - d e " o - .
) ’ a \. Y ~
o] s -
s a R
% i
& W\

)
1
Al
FEX
o

2
LN

AN ABANYAWRAT IR L Y LY o
IS ANAN R TN )

SN

ol NN\ N
N, e

_,........__..- .4\\\ o3 .P. 2 v \ = ”& \j/ l -
A2 A a1 A _\///,/,_,1/ .

Pt T N
NN 2 AT e8neg TeseT 1e1vy )/WW/ x
J ... ' 1 / L J . Q rrl\n.../m‘./ o)

SN N
, \\ f//ﬂ/ﬁ J
\m% _ ,,,

(Weg UCTSJIPAT()UOTI®LS 3uidnen Lo uoiaed0] ¢€-¥-F HINOIA

)
: h)
L. v . . N = - P
N NG - - ) . [ : . .
o w - T T
P’ \J /1../ %, - ., e T e AJ .
L RN . c. 'y % o 3
) k. Fy* v =il ] (7 &) " c a ,,..m.
; g >, - - ZA . 1 R E T L
. ) > ” =g yn
; \ N " " - % 5 Ll f - oA
- | a . S 7 . = ™ 1 T ran Q) -
; N N ) . =5 n vz Ll - ¥ =8 RARAWAY
h) “ 2 K14 |vzah AW
N . - ! o 0 = = o et S ..
g i L
NSl : Al G
} . P e Ml = 25 -
3 R > W\ 1 r E m\./ N -
gk . £ - o I r 2
N O &
. R , =<

o

S

4-22



¢ m d IO A R Tk G
188nS ﬁ ; ﬁ : _ \ |
. woE ot & o
H 3SN0H AN cogtl =4
. i G005 ©
000 000G GRELH %(
KOO.VJNJ T — LS L, %
(5] =) —
.W_ ooy = -
] _f?:u_E.um.m_J. S s B
OM. an o n_U.:
. H|.. 8 s R = =
IONVMINT AMIAIMEG | R i AL YOIVHaNTS ! w
. = .mm 0SE7# IATVA ' 2
2 8% [ATIEEIING i [ @ |5
=~ .m Hinju..i — < \
NL |H.|J - B .IV
o HI) il [V (o]
2 iy 123 8
[ F= &
o] - - .
tal T m.w - I@ “I...I. 2 A - Dw
NS i R -..l,lnh._»- n -Ll« [=} mD
S s 10 M-k e 6 I3 B
= =il | e [om— < D
S 1 - . S
N 15 . _ N L 2 | oset-ra |3
b s e o o - .
o kel p 1 R A LT | 1 } =3
5] 5 e - Y MI0SE 2
° 4 =1 o | _f% TILOW| ! | : .8 Sl
H STl = el - o ) (0
A T T | P S
. =) [RFS S a7 4 Enl : : =]
2 2 o nen e : 3
i T > b I ISuiong Essa bal | =
= - il s NI O 1 1 b gy " _ Q]
—— lw] (=]
Fa075 T © : WOm /..@...ﬂ..‘.ﬂmlm S ; A
- 7 0083 Gop Do0 P EATWA 4V7 osgd ! 5
= ] : — H37000 Sald Ni|. . 8
\9 \oo&._\ooo E] 006y - . s _‘ﬂl.i —_— _
C : . =
28NBG 104071 403EM | AN : \ R
: L o
/.\A / : \ w @ e
—] i S N—00"p13 : b4
AR Ty F QT ‘J /., 8
\< =081 J | J%w%\l
| | | Pl 2
o : 3
. 15

(uot3e3s Burdund)uoTielg BUISNBY JO UOTIBOOT . ¥-b-% HANOTA

4-23



FIGURE 4-4-5 Antenna Tower

| LIGHTNING ARRESTER |
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4.5 Electrical Facilities
4.5.1 Computation of Transformer Capacity
'1) No. 1 Substation (At'the Site of Diversion Dam)

a) Gate Motor

Regulating Gate : 380v - 22kw X 2sets, 11kw X 2 sets
Flood Gate : 380v-18.5kw X 2 sets

(KW
L= ( +KW><N)><13

q X pf

L = Load .....cciiiiiiiiniinnn, KVA
ZKw = Total MotorKW ........... KW
N = Ratio to Rating Current .... 5.4

q = Motor Efficiency .......... 0.85
Pf = Motor Power Factor ....... 0.8
p = Demand Factor ........... 1.0

59 + 22 X 2X 54 - 59+ 238 _
L=""085%08  — 068 —A437KVA

b) Road Lighting

1

400w X 130 = 52kw 52kw X g =85KVA
¢) Control House & Training Center Building
Total floor area : m?
' Control House ......ccvvvvvvncansansrnes 3,720 m*®
Training Center Building ....... Cerreees 3,556 m?
‘Effective Floor Area = 3,720 X 0.7 = 2,640 m?

i

&

3,556 X 0.7 = 2,490 m?
Applicable kw/m? .... 109w/m? For office building in

Japan (by Tokyo Electrie
Power Co., LTD.)

427



Control House = 2604 X 109 ><-61-8;~= 355KVA
Training Center Building = 2490 X 109 X=X 0.7=238KVA

d) Transformer Capacity KVA

PriEVA = T KVAX 1.2 = (437 + 65 + 355 + 238)X 1.2 = 1,005 X 1.2 = 1,314KVA

Transformer Capacity ' 1,500KVA

2) No.2 Substation {At the Site of Pumping Station)
a) Main Motor : Cage Rotor with Reactor Type Starter

350kw X 3 = 1050kw |
Operation Rule : 8350kw X 2 + 350kw X 3.9

350 X 2 + 350 X 3.9

LEKvVA = 0‘9 % 0.0 = 2,550KVA
Where : N = 3.9
' g = 09
Pf =09
p =10

b) Auzxiliary Equipment

100K VA (assurned)

¢} Transformer Capacity KVA

Tr KVA = (2,550 + 100) X 1.2 = 2,650 X1.2 = 3,180KVA  For starting

Transformer Capacity = 3,000KvA
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3) Substation at Residential Area

a) Actual Example at Chachoengsaa City

Watt Hour Meter Rating 5A — 20%
- 104 —  60%
20A —  20%
Noof Sémpling — 15 Houses
b) Nos.of Families
High Class 17 Families
Middle Class 48 4
Low Class 396 7
Total ' 461 ”
¢) Application
17 Families X 20A X 220v X 55= O4KVA
- !
48 TFamilies X 10A X 220v X g8 = 132KvA
; 1.
396 . Families X BA X 220v X 0.8 = b45KVA
' Total = T71KVA
'I‘i'ansfarzner Capacity KVA =771 X ﬁ
B = Demand Factor .... 0.6

TrKVA = 771 % 0.6 X 1.2 = 463 X 1.2 = 556KVA
Transformer Capacity : 300KVA X 2sets = 600KVA
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4.5.2 COMPUTATION OF EMERGENCY GENERATOR CAPACITY
1) Emergency Generator for Diversion Dam

Calculation Basis

Motor Load .. 3¢ - 5011, - 380V - 22kw, 2 sets operation at one time
Lighting & Air Conditioner .......... 34KVA

Q= (B +Pm X N) X =

Q : Generator Capacity = = KVA
484 . : fﬁase L(o}ad 24KVA
= (34 + 64 X 284y 2. Pm : Motor Capacit 4KVA
Q=@34+¢ _ a2’ * 15 : Ratio for targng/Rating
= 250KVA - 27T0KVA K

: Coefficient

2) Emergency Generator for Pumping Station.

Calculation Basis :
Cooling Water Pamp ....... e voee. BRVA
MagneticValve .......oviiiiiiiiinniiiniian, 5.5KVA
Lubrication GilPUmMP ..e.vvuevnverrneennesnn.. 2.2KVA
DrainPump .......c.vn.s i 0.6KVA
COMPTESSOT . .\vevnvinnranneennss eves ceiereneaes 5.5 KVA
Fuel OIIPUmp .....coovvinrnnennnnucnonsns eorr 0.BKVA
Venfilator ......c.coviviiiiatn ieaeersanaeas - 5.9KVA
Lighting & Other ............ PO e 10KVA

Q = (30.3+8X% 5) X ?15-= ATKVA = BOKVA
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5.1 New Organization of Ministry of Science, Technology and
Environment (MOSTE)

The office of National Envirdnment Board (ONEB) presided by the
vige pnme minister was upgraded to the National Environment Board (NEB) to
be presided by the prime minister, and the Ministry of Science, Technology and

'Envirenment (MOSTE) of which orgamzatlon was expanded on April 4, 1992,
The new organization, offices and duties are shown on Figure 5-1 to 5-4.

- The personnel training in the Environmental Research and Training
~ Center with grant-in-aid by the Japanese Government started at the same
time, ig the NEB’s main subject. Although their organization and rights are
" enlarged and expanded they cannot be expected so much for the time being,
because they have not yet equlpped with personal and material conditions.
Especially, the present situation of the water quality laboratory is far weak as
compared w1th RID’s laboratory.

5.2 Désignating Procedure of Specific Environmental Conservation Area
{Pollution Control Area)

The concerned area upstream of the diversion damsite in this project
will be designated as pollution control area for water quality conservation after
the diversion dam completibn. The designating prdcedure for it is shown on
- Figure 5-5, in accordance with the national ordinance for environment and
envixjonmental conservation.

5.3 Results of Poliution Source Survey

_ The pollution source survey, water sampling and water guality
analy51s were carried out twice in dry and wet season. (Table 5-1 and 5-2)



1) Noodle Factory (S-1, -2 and -3)

The water for the noodle factory is bemg taken from an irrigation
canal constructed by RID.

Almost all the dlscharges are the water with Whlc}l noodle was
washed. In the factory, three settling tanks are set for precipitating suspended
matters. Due to no draining of sludge, the water quality of the discharge after
passing through the tanks was rather worse than that of the water with which
noodle has just been washed, before passing. The water quality of course,
further over the water quality standard values of the Ministry of Industry
(MOT). It will certainly be improved by draining the sludge from the tanks.

9) Old Paper Reproducing Factory (8-4)

Since this factory cannot take 'water from the river in a dry season, a
chermcal condensation and floating by pressure equipment was being operated
as water treating facilities aiming at also re-cyele. SS of the treated water was
pretty low indicating 153 mg/l, probably due to re- -cycling, but BOD was far
over the standard value. ' o

3) Whisky Factory (S-52and-6)

The factory is clasmﬁed as one of the semi- governmental firms W1th
complete discharge treatment, partlcularly with an oxidation pond with
aerators for the treatment of the water with which bottles are washed and
miscellaneous drainages such as toilet soil water.,

The treated water was so clean as usable water for miscellaneous
purposes. Since this factory cannot take water from Bang Pakong riverin adry
season owing to high salinity, it possesses a large reservoir. When the factory
stores the water taken from the river, pH of the water gradually becomes
extremely low, unusable as it is. The cause was not known at the surveying
time.
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4) Shrimp and Fish Ponds (8-7, -8 and -9)

As found out on the tables, the water in the ponds are qualitatively
with no problem as a whole. There, however, are a little high values of nitrogen
and phosphorus in: the fish pond. Because the fish pond, over which 4,000
laying hens were being kept in a pen, could treat mostly well hen droppings.

5) PigFarm(8-10 and -11}

In case of 8-10, urine and dung and water with which pigs were
washed, from piggeries, were not directly sampled form there but taken from
the canal just after passing a temporary storing tank. (not regarded as an
oxidation pond.) The canal is situated 100 m inside of the river bank upstream
of Bang Pakong diversion damsite, and the water quality has no problem,
because a pig farmer said that even if water is taken form the irrigation canal it
was hardly drained toit. As water was sampled form surface layer in the canal,
it does not indicate water quality of piggery discharge, even though it is
contaminated. It was expected, however, at the canal bottom layer, plenty of
pig dung was deposited. |

6) Fish Pond Supplied with Dung as Feed {S-IZ)

Some pig farmers are using or'selling dung as feed for fish for /to
themselves or independent fish breeders.

Although BOD and 88 values were somewhat high because of water
sampling near the feeding spot, it does not seem that it contributes to a
‘pollution of Bang Pakong river.

7) Ground Water On Left Bank Upstream of Diversion Damsite (S-13)

‘The survey was carried outso as to know whether the ground water in
the area where many pig farms lie scattered, has been polluted or not.

1t is said that shallow wells cannot be used at all owing to high
salinity, with no necessity of the survey on pollution with pigurine and dung.
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A sample of S-10 was taken from a deep well 70 m in depth§ Howevér,
there are some items over the water quality standard values in drinking water
supply ordinance. Thatis,

Ci : 1079mg/lover 200 mg/l of standard value -

- TDS  : 2,543 mgfllover 500mg/l  ditto
Mn ¢ 2,346 mg/lover 0.3 mg/l ditto

5.4  Results of Water Quality Survey On irrsgatlon Canal Water Taken From
Bang Pakong River : _

5.5  SurveyonRiver Water

- Since water sampling and water guality analysis are being performed
at the sites shown on Figure 5-6 for 5-4 and 5-5. They will be summanzed after

completion of them.

5.6 Table and Figure



LT'E 9¢'0 950 6T'1 830 89°Z 283 GL'8 9L°0 N-810
116 £0°0 20°0 100 eT'0 101 20°0 0v6°0 0ST'0 N-tON
20°0 L00°0 L00°0 690°0 $00°0 ‘a'N $00°0 0100 £00°0 N-%0N
o1'1 9g°0 "A'N ‘O'N "N "a'N 12'0 ¥8'L ‘a'N N-PHN
26 LST'T L88°0 6921 PEF0 09°¢ qLG ¥SLT £e8°0 NI
90°0 010 £0°0 010 20°0 01°0 ‘AN 007 16°0 d-L
PO 81°1 GL'1 010 800 L0 gv0’ 9g'1 920 fyruryeg
¢'78% 1289 6236 g'8g L'L3 7268 L'2E% g9egL  ¥L3I 0
6511 0652 0828 08L 9LT 009¢ 0381 0863 L8 oF
£11 0'sI 28 6'6 Z'% 08e< 0sE< 0PI< 089 aod
0’6 86 6'9 611 o 85¥ 0L c01 8g'e Qoo
998 2021 $B3IZ 8IS gogt £'957% Q'e¥0T  £°00%% Q'69g SL
66 a¥ ez 0'02 g'LT 851 0'39% £'268 gL1 sS
182 8591 6602 6% 1T £0£3 184  LO6T i g - 8aL
g8 8L 6L ) 79 79 e A %9 He
0, "dwa,

6§ 88 1S oS ¢S 7S €S %S S o)

02P0 L3P0 LZRC BP0 93RO L7210 L3P0 TR0 12RO -

usid g dunyg v dmugg  Moyesia M odel M "U2sIq MUSID musem  modeg %amm

puod ysig/durmyg Aaoyoey] £qSTYM I seded __ £a030e4 A[POON
B _

L-§ A16VL

2661 "438G150 NI Q(w@ZmOxu,qIU 1V SONOd NV STHOLOVY NOY4G STTdAIVS HILVYM 40 S3ILYIJOYd



Table 5.2 PROPERTIES OF WATER SAMPLES FORM PIG RAISING FARM, FISH POND AND
GROUND WATER AT CHACHOENGSAO 1IN NOV, 1992

_ mg/l.
Pig Raising Pig Raising FishPond Ground Water
Farm. Discharge Farm. Discharge (Pi'g Feces Feed) (Deep Well)
(Pond) {Canal)
S10 S-11 _ 812 §-13
Temp. °C _ : _ ' .
pH 6.9 6.6 ' 6.3 6.4
TDS 770.0 316 1815 2543
S8 18.0 66.0 78.5 9.0
TS 788 382 258 2552
COD 31 197 55 . 6.4
BOD 2318 87.7 366 097
EC 1400 L 606 265 3910
Salinity 0.64 016 0.07 1.98"
Cl 340.0 70.6 21.3 1079.4
T-N 14.571 27.476 1516 1068
NH4-N © 11.800 24150 0.500 0.50
N02-N 1.030 0.003 0.008 ' 0.003
NO3-N - . 0171 0.003 0.117 0.065
Org-N 1.570 3.320 0.890 6.500

(Note) All these. sampies were analysed thre_§ déys after sampling".
In 8-13, Heavy metals such as Cd, Pb, As Cu,Cr : N.D.

Dissoved Fe = 0.01
Mn = 2,346
-Zn = 0.026
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FIGURE 5-5 FLOW CHART OF ACTIONS WHICH WILL BE DONE AETER THE DESIGNATING
SUCH AREA AS THE POLLUTION CONTROL AREA
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FIGURE 5-6 VWATER SAMPLING POINT
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