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YANHEY, PROJECT--TEAILAND

Table 1
BUMMARY OF BATNFALL FUN-OFF ANALYSES
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: H : ams ¢t Tark Yanhee RBiver 1t Tark : Yanhec :area to Tark: Tark ¢ Yanhea 3 River 1 ‘Mark ¢ Yanhea River 1
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A1 1.2.1-1 World’s Greatest Observed Point Rainfalls

NAN RIVER BASIN

WORLD'S GREATEST OBSERVED POINT RAINFALLS

Duration Depth (mm) Location Date

1 hin. 31.2 Unionville, Md, July 4, 1956

8 min, 126.0 Fussen, Bavaria May 25, 1920

15 min. 198.1 Plumb Point, Jamaica May 12, 1916

20 min. 205,7 Curtea-de-Arges, Reumania July 7, 1880

42 min, 304.8 Holt, Mo. June 22, 1947

Z hr, 10 min, 482.% Rockpert, W, Va. July 18, 1889

2 hr. 45 min. 558.8 D'Hamis, Texas (17 mi.NW)}  May 31, 1935

4 hr, 30 min. 782.3 Smethport, Pa. July 18, 1889

9 hr. 1,086.9 Belouve, Lo Reunion Feb. 28, 1964

12 he. i,340.1 Belouve, La Reunion Feb. 28-29, 1964
18 hr. 30 min. 1,688.9 Belouve, La Reunion Feb. 28-29, 1944
24 hr, 1,870.0 Cilaos, Lo Reunion Mar. 15-14, 1952
2 days 2,499.9 Cilaos, La Reunion Mar. 15-17, 1952
3 days 3,240.0 Cilaos, La Reunion Mar, 15-18, 1952
4 days 3,503.9 Cilacs, La Reunion Mar, 14-18, 1952
5 days 3,854.0 Cilaos, La Reunion Mar, 13-18, 1952
6 days 4,055, 1 Cilaos, La Reunion Mar, 13-19, 1952
7 days 4,110.0 Cilaos, La Reunion Mar. 12-19, 1952
8 days 4,129.8 Ciiaos, La Reunion Mar. 11-19, 1952
15 days 4,796.0 Cherrapunji, India June 24-July 8, 1931
31 days 9,300.0 Cherrepuniji, India July 1861

2 mo, 12,766.9 Cherrapunji, india June=July 1861

3 mo. 16,368.8 Cherrapunji, India May -July 1861

4 mo. 18,737.7 Cherrapunji, India April-July 1861

5 mo. 20,412.0 Cherrapunii, India April-Aug. 1861
b mo. 22,454,5  Cherropunii, India April-Sep. 1861
11 mo. 22,990.1 Cherrapunji, India Jan,~Nov, 18561
yr. 26,461.3 Cherrapunii, |ndia Aug. 1860-July 1861
2yr. 40,768.4 Cherropunii, India 18460-1861

.2.1-14



ﬂ’lﬂ&ﬁ f.2.1-2 Major Typhoon Rainfall, Viet Nam, 1911-1939

‘ NAN RIVER BASIN
MAJOR TYPHOON RAINFALL, VIET MNAM, 1911-1939
(Millimeters) '

1. October 1926 18 19 20 21
Ngou-Giap 174,71 648.9 94.8 96.5
Quang~Ngai 121.2  490.3 78.1 30.0

2. September 1927 20 21 22 23 24 - 25
Campa 43.3 360.8 429.5 241.2 207.1  97.5
Port Wallat 0 39.0 342.0 379.0 .162.0 60.5
Ke-bao 1.5 136.8 630.0 371.6 198.2 59,8
Hon~gay 0 368.7 394.9 209.6 225.9 171.6

3, September 1930 23 24 25 .2 27
La-Trong 134.3 270.0 429.5 204.5 162.1

4. September 1931 16 17 18
Vich 141 484 177
Ben~Thuy 130 581 191

5. May 1932 3 4
Arbre-Broye 1.0 536.0 0.0

6, October 1934* 24 25 26
Ha-Tinh 127 570 49
Tu-dung 349 643 232
Ky-anh 136 422 155

*Storm was preceeded on 19 and 20 October with a smaller storm
with practically no rain on the 21st, 22nd and 23rd.

n.2.1-15
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@13199 7.2.1-3 Nan River Basin Storm of September 1942 (in millimeters)

Rainfall Date

Station 5 é 7 8 9 10 Total Rainfall
Lae - - - 23.0 43.5 - 66.5
Pua - .0 30.0 33.0 - - 93.0
Nan - 51.5 8.2 11,6 - - 71.3
So - - 25,0 15.0 13.5 10.0 63.5
Na Noi 64.0 1.2 - 3.5 5.6 - 104.3
Tha Pla - 17.0 17.5 34.7 - 13.3 82.5
Nompat 35.0 | - 37, 117.0 82.0 77 .0 44.0 388.0
Uttaradit 167 .5 52.3 1 286.9 - - - 506.7
Therng No ecord :
Chiengkum 10.0 - - 18.0 20.0 16.0 64.0
Pong - - 46.0 11,5 - 33. ?0.8
Ngeo - - - - - - ~
Song - 2.5 - 20,0 3.5 - 26,0
Rong-Quang - - - - - 20.0 20.0
Phrae 9.5 1 - 28.3 - 48.9 - 116.7
Soong-Men - 32.0 72.5 44.5 4.0 - 153.0
Lub-Lae No Record
Tron 30.0 40.0 57.5 62.0 1.5 3.0 194.0
Pichai 30.0 58.8 67.2 - - 156.0




M15190 0.2.1-4 Nan River Basin Storm of August 1957 (in millimeters)

LT-1TY

Raintfall Date Total
Station 27 28 29 30 31 1 2 3 4 Rainfall
- Loe 31.9 46.5 6.0 43,1 50.1 70.2 27.4 43.4 - 318.46°
Pua 25,7 38.5 - 105.6 | 154.3 - 38.2 - - 362.3
Nan 16.2 55.6 11.2 73.5 60.5 33.2 2.6 8.8 2 261.8
Sa 14.9 - 55.8 43,1 68.5 12.5 - - - 194.8
Na Noi 22,5 16.5 7.6 33.5 28.1 10.4 10.0 10,9 13.5 153.0
Tha Pla 1.2 8.4 3.4 62,6 55.2 19.4 26.8 3.2 4,6 184.8
Nampat - 121 2.5 41.5 47.5 4.1 5.7 5.2 3.0 121.7
Uttaradit 1.5 1.0 0.3 3.1 35.4 39.7 17.0 34,7 76.6 209.3
Therng ?.8 1 134.5 2,61 167.4 ¢7.0 27.8 20,2 18.5 5.0 482 .8
Chiengkum 24.9 85.4 - 40.1 50.2 22,7 4,6 7.9 - 235.8
Pong 55,3 - 32,0 106.5 90.3 | 107.3 - 27.0 28.0 446 .4
MNgao 15.3 5.8 7,1 371 44.8 19.3 7.3 5.1 3.4 145,2
Song 1.5 18.1 9.5 65.8 45,9 42,7 - 19.3 10.2 213.0
Rong-Quang - 26,2 - 74.3 65.7 24.8 22.3 48,5 25.2 287.0
Phrae - - - 14.7 38.8 40,2 12.1 39.21 -10.5 155.5
Soong~Men 3.2 - - - 15.6 40.0 25,1 4.5 40.0 128.4
Lub-Lae 1.6 1.8 1.2 8.3 47.5 25.3 28.5 36.3 2.7 153.2
Tron 2.7 2.8 - 3.4 39.7 23.4 17,1 43.7 12.3 145.1
Pichai 20,5 - - 13.8 14.0 14.0 12.5 17.7 39.5 132.0
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M15147 0.2.1-5 Nan River Basin Storm of September 1959 (in millimeters)

Raintall . ' Date | Total
Station 3 4. 5 b 7 8 ] 15 11 T2 13 Rainfall
Lae 36.3 10.4 - 76.0 1 174.0 - - 8.4 - - 66.5 444 .6
Pua 18.0 - - | 41,5 35.4 - - - 40.1 53.2 2.1 190.3°
Nan 31.1 4.7 13.8 17.5 16.4 - 6.4 15.6 1.5 24 .4 48,7 190,1
Sa 4,3 - 1.0 46.0 | 4.5 7.6 - 2.6 25.8 7.0 34.0 142.8
Na Noi 45 .5 - 11.4 14.1 6.0 16.0 - - - 14.5 1 29.5 141.,0
Tha Pla 83.9 29.8 25,2 14.3 5.5 2.6 9.2 18.9 3.6 16,1 13.6 222.7
Nampat 69.7 - - 25.8 - 31.8 49.7 35.6 35.91 31.4 18.4 298.3
Uttaradit 15.7 7.3 1.9 21.0 21.0 - - 55,0 10.7 17.4 5.3 155.3
Therng 50.7 2.9 5.0 26.1 36.4 3.2 20,3 40,3 - - - 185.,9
" Chiengkum 20.8 - - 40,5 35.5 - 40.5 46,8 - - - - 184,1
Pong 1141 8.2 - - - - - - - 12.4 | 68.2 100.2
Ngao 4.3 - 23.6 4.4 1 8,2 18.4 5.6 26.5 6.9 6.8 14,3 149.0
~ Song 42,4 14,7 13.2 55.0 21,2 5.3 2.5 7.8 64,4 13.4 11.8 251.7
Rong=Quang 46,5 - - 168.3 8.2 6.3 4.7 12.5 30.8 48.3 54.6 380.2
Phrae 20.4 35.4 16,7 4.5 3.8 8.4 18.8 33.5 25.2 13.3 12.3 202.3
Soong=Men -~ - é - 31.4 2.5 - 50.2 3C.4 - - 137.1
Lub-Lce 19.7 4,2 59.0 19.2 61.4 1 114.8 40.5 12.4 18,1 1.7 351.0
Tron 64,1 8.4 - - - 23.0 13.2 26.3 - - - 135.1
Pichai 58,7 25.0 - - 17.8 44,1 - 8.1 5.5 10.5 - l 171.7




6l-17°d

@19147 0.2.1-6 Nan River Basin Storm of September 1961 (in millimeters)

Rainfall Station z T Dotes 5 o) Total Rainfall
Lae 3.7 28.6 14.9 19.0 21.9 88.1
Pua Ne Record

Nan 24,0 | 30.8] 73.21 50.6| 21.61] 61.0 261.2
Sa 2,1 44 .9 67 .9 33.4 17.0 15.6 180.9
Na Noi - - - - 157 .8 - 157.8
Tha Pla 7.4 3.5 83.56 88.3 42 .4 29 254.5
Nampat 4.0 14,2 28.0 65.4 64,0 51,1 226.7
Uttaradit 2.5 1.2 53.3 87.2 22,2 16, 183.0
Therng 4.1 18.2 40,67 - 4.2 16,0 93.1
Chiengkam 6.6 29.4 24 .6 8.6 22.1 - 91.3
Pong 21.4 12,3 | 126.5 26.8 19.4 21.3. 227.7
Ngao 10.8 49 .4 22,1 38.8 7.5 61.4 189.6
Song - - 7491 48.2 1 15.41 - 138.5
Rong-Quang 35,6 82.4 58.4 18.9 32.5 40,6 268.4
Phrae - 9.5 50.5 13.0 - 53.3 126.3
Soon=Men 10.0 3.5 37.0 25,0 11.4 10,2 97.1
Lub-lLae 3.9 0.3 59.2 94,8 24.4 24,5 207 .1
Tron - - i53.2 | 138.C - 54,7 345.9
Pichai - - 343,21 123.1 11,5 44.7 522.5
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TABLE Vii-1
NAN RIVER BASIN

DERIVATION OF ONE-DAY UNIT HYDROGRAPH
SUMMARY OF COEFFICIENTS FOR SNYDER'S METHOD

Cp = 0.62
Cf = 2.0
English Units
Pp ' Qp
- for 1.0 inch of for 1.0 inch of
Sub~basin  Area L Lea fpr - T excess rainfall _excess rainfall
mi2)  (mi) (mi) (hrs)  (days)  {cfs per sq mi) (cfs)
! 1780 88.0 41.4 28,91 7.0 13.73 24,453
I 734 47.8 14,9 19.74 5.0 20,10 14,526
I - 871 83.9 49,1 28.9t 7.0 13.73 11,766
bv 500 36.0 23,0 20.32 5.5 19.50 9,595
A 1168 B6.4 42,3 28,15 7.0 14,10 16,215
5053
Metric Units
Tor 1.0 mm of tor 1.0 mm of
‘ excess rainfall excess rainfall
(sq km) (km) (km)  (hrs) {days) (CMS per sq km) (CMS)
i 4609 142 67  28.91 7.0 0.150 27.3
I 1902 77 24 19.74 5.0 0.220 16.20
I 2255 135 79 28.91 7.0 0,150 13.10
v 1295 58 37 20.32 5.5 0.213 10.70
AV 3025 139 68 28.15 7.0 0.154 18.07
13,086

n.2.2
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TABLE VH-3
NAN RIVER BASIN
FLOOD FREQUENCY STUBY 8Y GUMBEL METHOD

Annual Floods in

Annual Flood* Descending Order Order No.  Plotting Position
Date {CMS) _____. {CMS) m {n + 1)/m
$/23/38 1510 4745 1 31.60
B/27/39 3390 _ 3940 2 15.50
8/26/40 1370 34460 3 10.33
9/27/41 1780 3390 4 775
9/ 8/42 3290 3290 5 6.20
9/21/43 2100 3100 6 5.16
8,/25/44 1330 2710 7 4.42
9/20/45 1970 2680 8 3.87
8/25/46 2130 2540 9 © 3,44
8/28/47 2280 2280 10 3.10
8/30/48 ) 2220 2220 11 2.82
8/ 3/49 1380 2140 12 2.58
10/ 2/50 930 2130 13 2.38%
9/ 6/51 2680 2100 14 2,21
2/11/52 4740 1970 15 2.07
8,/22/53 2540 1970 16 1.94
9/20/54 1160 1813 17 1.82
9/ 2/55 2710 1780 18 1.72
8/15/56 2160 1760 19 1.63
9/ 3/57 3100 1546 20 1.55
9/ 8/58 1740 1510 21 1.48
9/16/59 1760 1395 22 1 .4]
9/11/40 1813 1380 23 1.35
9/10/61 - 3460 : 1330 24 1.29
7/27/62 996 1247 25 1.24
9/14/63 3960 1160 26 1.19
9/ 9,84 1247 1140 27 1.15
7/27/85 899 996 28 .11
8/25/66 1546 - 930 29 1,07
9/24/67 1395 899 30 1.03

*Maximum 24-hour average, not instontaneous peak .
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(37 : Electric Power Devilopment Co., Ltd. Tokyo Japan, “Feasibility Report Quae Yai No.1
Hydroelectric Project : Basic Study and Data Volume 17, March 1968.)
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MumsiAad 3 Inagaga USinasimon
ih {cms) (ems-T4x10° cu.m)

20 2,700 29,000 (2,520)

50 3,300 32,700 (2,820)

100 3,700 35,800 (3,090)

200 4,100 39,000 (3,370)

1,000 5,000 46,000 (3,970)

2,000 5,400 48,900 (4,220)

5,000 5,800 52,100 {4,500)

10,000 6,300 56,000 (4,840)
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7154171 PMP 1035 Physical Method
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i draaghlen laa1 PMP
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4

3 . = = o ' '
auisunh “Moisture Inflow Index” Tumsitnumsiioiimanwigusgy f1gagn 12-hour
persisting dew point LAZA1GIYA 24 hour average wind speed 92gn1hun 14 A1emsiAamIg

P 3 - 4? o w o ]13} Y o c?.: = o i

o s anuiuduinidsyinadldlndiy 100% Salugampiemsensoduntd
LN dew point 1a

a o o o A

dmFunnuiian 1990y Upper tropospheric wind speed Tafingamm

pMP annsodnnaldmugnsii

M.1LI. for PM.P.
P.M.P = D.D.A. (1)

M.LI. for H.S,

P
43 D.D.A. = Depth Duralion Area
M.LI for PM.P. = Moisture Inflow Index 4949 P.M.P.
¥
== ﬂ%‘mmﬁﬂumﬂmqqm 12-hour persisting dew point (130
QUNNIOINIA) x AIGIGA 24 hour average wind speed VD4
P.M.P.
M.LL for H.S. = Moisture Inflow Index voanigduTuodn
= :’ 1 &
= 'IJ‘iiﬂmu”IFJu%WﬂWQQEIQ 12-hour persisting dew point (H59
Qmwgﬁmmﬂ) X th\‘if}"ﬂ 24 hour average wind speed 909
wigruluedn
Q Y ' :} ] ¥ o - = o =
dmfuusiiung Thhgdulueda 12 gn wndou fwanslumsief nat
v e‘ e L5 [} ar ai I=1 . = :} d‘ 3 4%’ d'
wawigduilane 30 Ju dwmiuvanmitani Kang Rieng USmeniwumdewsiuin
141A87T Thiessen Method Aanianalugali n3.1-4 M¥doyaoinaniii§ums, Ban Na Suan, /3
#3e@ a2 Kang Rieng W1AIMUA Depth Duration Area 1Haumsh (1) uaasnaluaisiai n.
W el W del | °
31-1 ABANAR (1) surface flow uaaalunedund (2) vesnrsnd a1 dussIvadige
YBIFANTN
- n’j [~ 3y Y VI 4 1 .
nmslasuduimuaiiums luaeenlddoyannuduiusszning total rainfall naz

¥ ] I
surface flow ¥oamsiHamim I Tuefa nanaadlugld n.3.1-5 uazifumwaunis i
Q=0.549R — 94.4 )

4
W3 Q = Surface flow (mm)
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R = Total rainfall (mm)
= =] ! 3 M 3 1oy

dunsh (2) vaasimumnduanuadingd 172 mm a2 iRems lvasenvn
= = P PR w o i
1N 172 mm ‘l]%l.ﬂﬂﬂ']'illcﬁﬁﬂ'ﬂﬂ ﬁﬂ?ﬁhﬂigﬁﬁ'ﬂﬁﬂ'l‘j]lﬁﬁ 0.549 Avaun (3) S!Ji’Nﬁ"IiNﬁ n.3.1-1
174 Peak flow 1D maximum daily average flow ﬁJ@QW”IEgNi&“I?I Kang Rieng

4 1 1 J 5 1w = CRT ¢ as 1
1ﬁﬂﬂﬂ1ﬂﬂ'¥'§311&ﬂ1 statf gage 914 5 ATIADIN Wq%u'ﬁﬁnﬂﬂ’lu]’l%LMf}@NﬂuUhJ1]1ﬂ
1 ! 4 a ' (Y 3 4 ¥ o ar
FTHINARAYITWILUATATTIYN ALY peak flow mslﬂrmmatmmu
- o " ' =
MINA N.3.1-1 ADANA (5) ADAT 12-hour persisting temperature i%ﬂiﬂ&ﬂ?ﬁlﬂﬂ‘ﬂiqﬂu
o ' @ 9} ¥ P = = el ~ =
dudoyoudas Tunndeyann 3 $rlueh w.ogoud msnlfougangin s.mamuys s
¥

5EALIMED (1000 mb) 19 Saturated Adiabatic Laps rate (qmﬂgﬁaﬂm 0.6 °C A 100 m.) i
A13199 N.3.1-2

H09NAMIEALANNEIYes a.meuys Uz 30 wes msAuvsgungisg

a o i

U3207% 0.2 °C gABANAT (6) VOINIIHA 1.3.1-1

= oy o w o =) 1
Psinanidusmudnonmluredun® (7) wvnmsiddeyasuvnin/dsududuay

H ¥ ¥ 1 ¥
3R n.3.1-6 Tavaundanugaiuuig (barrer height) vasiungurinlszing 400 m mile
¥
sganimsia
o @ = o ¥
anussauuuuradluaeduan  (8)  ¥owmITNR n.3.1-1 "lﬂmﬂamya upper
. . O ) A A o g ¥a
tropospheric wind speed Uuﬂﬂﬂlmqjjaiﬂtl radiosonde IHHBATIUNNA LH?N%‘IE‘!W‘IQNWVW]ﬂmﬂﬂ
3 ] - LY ¢ o 3 -4 9 g9 =3 o o T = 3’
Wmniinaalszins 1§l aniusslddoyanmnirauun 1 ddem Tusaieni

=

1 Voar g 1 = { o = ' o
NINMFUAY ANUSDUARIRUNNTUNH 111 TWIT5DIA8 WUT1 tropospheric wind data 151
T ‘3 =1 c!'df = P
ATUABIUINATING FTauNHURI 93109 n.3.1-7
-3
v o . . . Ly o
ADSNA (9) 1EAY moisture inflow index Vol lupAMIuNanInFINaniL Y
@ @ 1 o g @ e
avaun (1) guiuaundsanuiianly asduni (8)
3
@ o 1 . 3 =
ADANA (10) AIGIEAYDS moisture inflow index Uszandian 1,300 HatuluRou
Famny Aseraatugilii n.3.1-8
v d .. & Y w o 3/ w
n0auN (11) maximizing factor HAUNINY ADANA (10) HITAIG ADTUAN (9)
v ¢ & o & w 7 o o
apdus (12-1) luvianuaves PMP ilunadninm nodud (1) guiunadus (1)
W o o oo r ]
ABTNA (12-2) M3 MakAunn PMP 189 (12-1) umuluaumsi ) w3egild n.
3.1-5
w & = Q o 3 A d:’
aoaun (12-3) YSwnsmsiinasendmsy PMF "lﬂmwﬂmimumi"lﬂawugm (300
ar ar o ar o - o oM d%’ o as
cms x 30 T4 = 9,000 cms-31) Wity podws (12-2) Aems lvafaAu M3 Inanupudmsy
k4
= T o I w o
PMF auud lasmsdseinaumims nafugugegalueda a1 290 ems uaaslunedus @)

YHIATTIN N.3.1-]
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w o =y ui: as
AeduA (12-4) M3 agaga (PME) TdnnnisgaalTuinsms ineseniisnua aodud
2 g @ 1 T oo ar dy
(12-3) 418 11.6% Fudludasidiuns lnagagadems lnaiiau w1 ldvnyanmeail yanm
¥ 1 v
YBIM AN ININWIGAY 12 an uaaaluasieh 1.3.1-3 319 0.3.19 paaeranwuoIms
= oy 1 :j A A w = o o
Ao 4 asa Anana Il luefa duns i fu T4y maximum probable flood flow
3 v 9 1 = :’ ] [ d’.’
MnHaisnuam Inlszinum PMF oz WSnenimaugege 18asl
Probable Maximum Flood 6,000 cms
Probable Maximum Flood Volume 57,000 cms-day (4,920 x 10° cu.m)
Peak Flow 11ag Flood Volume # return pertod 10,000 i} lszanumeada 1 6,300 cms
HAZ 56,000 cms-day (4,840 x 10° cu.m) MuAIAY Yoyans 2 ga Tnudoandosniu
i r :J 3 A = = i 3 ar P=1 . s :/J = gt
lu@ﬁfl]"lﬂﬂ!i!’lﬁ@ﬂu’lﬂﬂﬁﬂﬂﬂ\?ﬁ!'ﬂuﬁﬁuﬂi‘L‘!‘YlﬁGlﬂﬁﬂUﬁﬂ'iu Kang Rieng muumh
w & A o A A -
@ﬂi'lﬂ’]ﬁulﬂﬁﬂiﬂﬁu'lﬂillﬁﬂllﬂuﬂuﬂ'ﬁ) 6,000 cms ¥ W PMF “ﬂﬁw‘lﬁlﬂuliﬁﬂ\ﬂugﬂﬂ 1.3.1-10

A20819N 15 R TUIUAIUAIT IR 1.3.1-1

Wigrhugn?i 2 Aug.11 - Sep. 9, 1953
ﬂ@ﬁiﬁﬁ (1) Total rainfall = 363 mm
ﬂﬂﬁnﬁ (2) Surface flow = 138 mm
Q = 0.549R — 94.4
Q =0.549(363) — 94.4
=104.89 mm

=

ﬂﬂﬁuﬁ (5) 12-hour Persisting Temperature ‘ﬁ NYIULYI
T=279°C
ﬂ@ﬁllﬁ (6) Sea Level Temperature
T=279+02~281°C
ﬂ@ﬁuﬁ (7) Precipitation Water
P =96 mm
9031 71.3.06 3 T = 281 °C 5270 0.4 ki, 14 P =~ 0475” ~ 12.06
mm,
AduN (8) Average Upper Wind Speed = 8 m/sec
ﬂﬂﬁnﬁ) (9) Moisture Inflow Index for Historical Storm
ML.LI for H.5. = 96 x 13 = 1250 mm-nv/sec
ﬂ'ﬁ]ﬁuﬁ (10) Maximum Moisture Inflow Index = 1,300 {mm-m/sec) iﬂﬂ‘gﬂﬁ .3.1-8
ﬂ’ﬂﬁuﬁ{ (11} Maximizing factor = 1,300/1,250 = 1.1

ﬂﬂﬁuﬁ (12-1) Total Rainfail = 363 x 1.1 =400 mm

N.3.1-4



ADBUR (12-2) Excess Rainfall = 0.549(400) — 94.4 = 125.4 mm
A0BUA (12-3) Total Runoff = 17,150 -+ 9,000 = 26,150 cms/day

ADBUA (12-4) Peak Flow = 26,150 x 11.6% = 2,360 cms

fn.3.1-5



9-I't'u

A1 5199 1.3.1-1 Storms used in driving probable maximum precipitation

(1) (2) (3) 4 (5} {6} (7} (8} {9) (10} {11) (12)
Storms (12-1)  (12-2) (12-3) (12-4)
(mm) (mm) {e.m.s.) {c.m.s.) {(°C) (°C) {(mm) (m/sec) (mm-m/s) {mm-m/s) {mm) {mm) (cms/day) (c.m.s.}

1. OQct. 10 — Nov. 8, 1952 326 88 1,547 170 22.0  27.2 85 - - - - - - - -
(17,150)

2.  Aug. 1! —Sep. 9, 1953 363 138 2,128 230 279 28.1 96 13 1,250 1,300 1.1 400 138 26,150 2,360
(21,860

3. Sep. 20 —Qcrt. 19, 1954 269 46 824 250 27.8 28.0 94 8 750 1,300 1.8 483 172 30,800 2,900
(22,400)

4. Sep. tl —-Oct. 10, 1955 249 31 597 200 27.8 28.0 94 7 660 1,300 2.0 498 179 31,400 3,000
¢ -

5.  Sep. 26 —OQct, 25, 1956 201 23 692 240 26.6 26.8 83 — - - - - - - -
( - - -

6. Sep.16 —Oct. 15,1957 265 67 1,330 270 27.5 277 90 - - - - - - -
(19,800)

7.  Aug. 26 — Sep. 24, 1938 269 48 804 160 28.5 28.7 190 B 800 1,300 1.7 438 158 27,800 2,700
{48,000y

8. Sep. 21 -0Oct. 20, 1959 397 100 1,628 200 26.9 27.1 84 7 590 1,300 2.2 880 385 57,004 &,000
(27,500

9. Sep. | —Sep. 30, 1962 319 102 2,450 200 27.6 278 20 8 720 1,300 1.8 580 220 36,300 3,600
(48,000)

10.  Sep. 16 —Qct. 15, 1963 414 129 2,060 250 275 27.7 20 7 630 1,300 2.] 870 385 57,000 6,000
(28,700)

1. Sep. 16 -~ Qect. 153, 1964 344 93 1,387 250 27.3 27.5 88 9 790 1,300 1.7 583 228 37,700 3,700

2. Aug. 26 — Sep. 24, 1966 283 33 762 270 26.7 26.9 83 - - - - - - - -

(1) : Total Rainfall
(2) : Surface Flow
{3) : Peak Flow
(4) : Base Flow
(3} : 12-Hour Persisting Temperature at Kanchanaburi
(6) : Sea Level Temperature
(7} : Precipitable Water
(8} : Average Upper Wind Speed
(9) : Moisture Inflow Index for Historical orm
(10} : Maximum Moisture Inflow Index
(11) : Maximizing Factor
{12) : Probable Maximum
(12-1) : Towal Rainfall
(12-2) : Excess Rainfall
(12-3) : Total Runoff

{12-4) : Peak Flow * Figures in parentheses indicate runofl in c.m.s./day.



a1319% 1.3.1-2 Monthly mean 12 hour persisting temperature in centigrade at Kanchanaburi

Year June July Aug. Sept. Qct. Nov.
1952 30.3 29.4 28.6 28.8 27.4 26.9
1953 25.5 28.0 27.7 27.8 28.2 26.5
1954 29.9 29.5 29.6 275 28.2 29.9
1955 26.7 29.4 29.0 28.6 27.6 25.7
1956 29.6 28.5 28.2 28.0 26.8 24.4
1957 29.5 28.9 28.2 28.0 27.1 27.2
1958 26.7 25.3 25.4 24.9 23.9 23.4
1959 30.0 27.3 28.2 27.9 26.6 25.6
1960 28.6 28.7 28.8 27.1 27.0 25.7
1961 28.2 27.3 27.2 27.1 27.0 26.6
1962 28.3 28.2 29.2 27.2 27.3 26.7
1963 28.3 27 4 27.6 27.6 26.7 26.6
1964 28.3 27.9 27.7 27.3 27.0 24.4
1965 27.7 28.3 27.4 27.2 27.3 26.6
1966 28.9 28.3 27.9 273 27.4 26.3
Maximum 30.3 29.5 29.6 28.8 28.2 29.9
Maximum 30.5 29.7 29.8 29.0 28.4 30.1
at 1000 mb

n.3.1-7
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@1519% n.3.1-3 Hydrograph of historical flood flow at Kang Rieng (C.A. = 10,802 sq.km)

Storm-1 Storm-2 Storm -3 Storm-4 Storm-5 Storm -6 Storm -7 Storm-8 Storm-Y Storm -~ 1¢ Storm-11 Starm-~12
Runoff Runoff Runoff Runoff Runof{ Runoff Runoff Runoff Runoff Runoff Runoff Runoff

(%) {cms) () (cms) (f) (ems) (F) (ems) (H) (cms) (B) (cms) (%) (cms) (B (cm.s) (%) (cm.s) (F) (cms) (F) (cm.s.) (%) (c.m.s.)
103 39 i 0 0.6 36 2.8 12 3.8 124 4.0 333 0 ¢ 0 0 0.4 47 1.4 166 1.4 137 0.2 9
2 0.1 10 1.1 229 0 g 3.1 123 3.0 95 2.9 244 0.2 12 0 1 0.2 26 1.0 166 0.8 g2 0.3 13
3 01 13 1.2 249 0 g 3.0 147 3.1 100 2.2 179 0.3 17 0 8 0.1 8 0.8 122 0.4 46 G 0
4 01 7 1.3 272 0.8 47 2.6 104 4.8 133 2.2 185 0.2 10 0 § 0 4 0.5 80 0.3 39 .8 35
3 ] 0 1.9 389 2.4 137 t.7 69 3.5 113 2.2 185 0.7 40) 0.8 104 ] 0 03 44 0.1 9 1.3 53
3] 0.1 il 2.0 423 2.1 120 1.7 68 2.6 534 2.9 241 3.5 334 2.8 340 G 3 qJ 0 4] [¢] 1.7 71
7 0.1 I3 3.6 750 5.1 293 2.3 9t 2.8 90 2.4 200 10.6 640 3.3 405 0.8 107 .1 22 G 5 1.3 33
8 0.8 90 7.3 £,521 1001 378 [.6 G 3.2 103 1.7 138 6.4 384 3.0 374 1.2 157 C.1 22 0.2 22 1.1 43
g 6.3 704 9.1 1900 7.6 437 1.1 43 3.5 112 0.9 73 4.7 285 3.0 37% 2.5 315 0.3 50 03 62 1.0 42
0 4.6 il 8.2 1,723 6.0 342 2.6 104 3.3 135 0.5 45 4.3 269 4.0 496 3.8 484 3.0 473 5.6 643 1.3 33
11 4.9 550 7.2 1,517 39 221 8.7 342 4.6 146 0.5 41 4.3 256 3.7 702 3.4 430 4.4 699 9.9 ],140 0.6 24
1z 3.6 403 8.2 1,711 4.7 268 5.4 212 1.4 44 1.0 42 3.9 232 9.7 1,204 2.8 352 3.2 35 7.3 868 0.6 26
13 2.9 325 8.2 1,711 5.0 283 5.0 196 0.2 3 0.9 75 3.9 236 115 1,430 3.0 390 2.4 383 4.7 342 1.3 54
i§ 39 443 79 1,656 5.0 285 4.6 182 0.6 20 0.4 32 3.6 214 6.5 808 2.4 306 2.2 331 3.3 400 2.3 93
13 10,3 1,166 5.8 1,216 4.8 276 6.0 238 1.9 Gl 4] 4 3.5 213 3.9 482 1.8 236 2.2 343 3.3 377 3.8 15y
16 12.3 1,381 4.3 204 6.8 388 10.1 401 2.4 63 0 Q 4.2 234 3.1 387 2.0 250 2.0 347 4.9 390 8.7 362
17 3.7 645 3.7 778 7.6 436 7.4 293 i.l 36 0.4 63 5.3 331 2.9 360 1.7 217 4.8 761 5.8 677 1Ll.8 492
18 69 776 3.4 710 6.6 377 4.9 192 0.7 21 6.4 531 6.2 371 3.4 482 2.9 364 9.4 1501 3.5 638 103 436
19 8.9 1,003 2.6 548 4.7 267 3.4 130 0.9 30 11.7 1,057 5.3 322 4.7 382 9.8 1,249 11.0 1768 4.8 360 6.9 288
20 6.0 674 2.0 428 3.6 208 2.6 104 0.7 21 106 879 4.3 60 4.7 389 17.6 2,249 9.6 1,527 4.0 467 4.7 195
21 4.4 491 1.7 351 .9 51! 2.3 42 i.9 62 4.5 369 3.5 212 3.6 450 12,4 1,580 7.3 1,161 3.3 348 32 135
22 4.8 541 1.5 367 2.5 144 2.3 gl 1.7 375 4.1 342 2.8 170 2.9 362 6.9 873 §.2 1,315 3.9 433 2.2 92
23 2.8 31 1.4 293 3.3 1340 1.8 69 4.1 454 6.7 359 2.3 137 2.6 327 4.6 S8Y 7.9 1,262 5.0 383 1.3 33
24 2.3 255 1.3 276 1.9 i 1.0 38 3.7 i 8.1 674 1.9 116 2.5 31t 3.5 448 5.4 861 3.6 418 0.7 31
25 1.9 214 i.l 223 1.5 86 .4 16 7.3 235 6.5 537 1.7 104 2.2 209 2.8 3060 4.0 644 3.9 453 1.9 81
26 1.6 181 1.0 205 1.2 66 4] 0 3.6 117 5.7 476 1.7 10l 2.0 245 2.5 a2z 2.9 471 4.5 522 6.2 259
27 1.4 154 1.0 216 1.5 38 1.2 48 2.2 69 3.8 314 1.6 Pl 2.4 301 2.4 310 2.2 337 3.6 413 7.5 Ji4
28 12 130 0.9 182 3.3 19 1.4 36 1.8 57 2.6 213 1.5 89 3.2 394 3.0 380 1.8 281 3.0 351 7.6 318
2% 1.0 107 0.7 147 0.4 22 3.3 136 0.4 T4 1.7 136 1.8 107 3.3 407 2.8 352 1.3 204 3.2 368 6.0 253
30 09 161 0.6 116 4.3 19 5.8 229 0 0 1.4 112 2.7 222 1.9 241 2.4 33 1.0 16+ 2.9 138 3.5 144

Total 100 11,253 100 20,951 160 5,742 F 3,957 100 3,220 100 8,323 100 6,034 100 12,340 100 12,759 100G 16,060 100 11,603 100 4,185
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——32 Flood Flow in ¢.m.s.

Surface Flow in mm

Return Period (T Year)

£.001 1.0 10 140 20 3.0 5.0 10 20 30 50 100 200 500 1,000
' /
! l}
4,000 . } B S G-
T | | : f
L ; X =10204570Yt | l | N
— ; - t
! \ / | !
: | i
3,000) — B s e 5/ NO. Date Peak Flood
! ! {c.m.s.)
: 1 Sept. 20 1962 2,450
A 3 Aug, 18 1933 2128
3 Oct, 4 1963 2,060
i 1 Oct. 3 1959 1.628
2,000 i 5 Sept. 3 1961 1,619
] 6 Oct. 25 1952 1,547
* 7] Ot d 1951 | 1,390
b [ g Sept, 26 1964 1,387
9 Sept. 37 1934 824
10 | Sept. 1 1958 804
1,000 i1 Oct. 8 1960 KL
12 Sept. 11 1966 762
13 July 27 1965 734
] Oct. 18 1936 692
! : 15 Sept. 26 1955 307
I : i i R H t
| R O N
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1 N N L N L L 1 4
230 -1.0 0.0 1.0 ha(] 1.0 4.0 5.0 6.0 7.0

Reduced Variste ¥t

“Gumbel’s Paper”

g‘ﬂﬁ 1.3.1-2 Peak flood flow frequency at Kang Rieng gaging station on Quae Yai river

Retaurn Period (T Yearn)

1.001 1.01 l{.lrJ 1.40 20 30 350 10 20 30 5¢ iQO 200 500 1,000
] 1 7
Notesi: | /
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7 1Q¢t. 10~Nov, § '52 88
8 {Sept. 16~0ct. 15 57 67
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1L |Sept, 20~Cct. 19 54 [ a6
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“Gumbel's Paper™

g‘ﬂ‘ﬁ .3.1-3 Surface flow frequency at Kang Rieng gaging station on Quae Yai river
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Total rainfall in mm during storm
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(Prepared by U.S. Weather Bureau)
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Elevation Meters above m.s.]

Wind Speed in m per sec
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3 Un n.3.1-7 Upper wind speed distribution during storm above Bangkok
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Moisture Inflow Index
in mm-m/sec

Precipitable Water in mm Temperature in Centigrade

Wind Speed in m/sec
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g‘ﬂﬁ 1.3.1-8 Seasonal variation of several factors of probable maximum precipitation
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E‘]J‘Vl 11.3.1-9 Flood flow hydrograph at Dang Rieng on Quae Yai river
7.000
§
6.000¢—-
5.000}... -
4.000 3
23,000
Z 2000 : 1}\\
| | T
| |
1000 ... 1
! i
0 3 E
: = =3 o =] =] =] =R E=] [=] Q =3 [=3 [=] [=) [~
™ | € 812 § 88 8]2 8 % 8 8138 B R
M [y - Py —_ —_ — [V S (] 1 [} - — -
Time in day 5 10 i5 20 25

Eﬂﬁ .,3.1-10 Hydrograph of maximum probable flood at Quae Yai No.1 site on Quae Yai river

1.3.1-16




& =l ) d
YD UFAIHATUNS
(1301 : Electric Power Development CO., LTD. “Supplementary Report for Quae Yai No,1

Project”, Vol. 1, Tokyo, Japan, February 1973.)

1. Probable Maximum Flood
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19197 1.3.2-1 Recorded Storm and Probable Maximum Precipitation

p——— ._
n (2) (3) (4) {5 {6) (M {8) {9) -
Total Peak L2-hr Peraist Precipit- Up.p8r . PrPOb' :Mi
Sterm & Flood Rainfall Discharge Temperature able Wind HMII MMl MF Fecip|
Water Speed tation
{rmm}  [cu.rnfsec) (°cy tmm)  {mfsec) {mm-m/sec) (mm.m/sec) {mm}
{1) Oct. 21 - - o .
Oct. 28, 1951 62,3 1, 547 21. as ? 1,400 -
{Z) Aug. 12 -
162. 3 2,128 27.9 0 1.1 t
Aug. 26, 1953 3 95 13 1,230 1,40 80
(3) Sep. 22 .
Oct. 1, 1954 92. 4 824 27.8 95 8 760 1, 300 1.8 {70
{4} Sep. 1} - 5 a .
Oct. 11, 1955 : 391 a1-8 95 7 670 » 400 21
(5) Sep. 2 .
. . 0 .7 i7
Oct. 12, 1956 160.8 692 26. & B3 ] 830 1,40 H Q
{6} Sep. 26 . .
Oct. 10, 1957 Pi9.5 1,330 27.8% a0 [ 540 1, 400 2.6 310
(7] Aug. 26 . o . o .
Sep. 24, 1958 83. 804 28.5 Gl 8 8t0 L. 3400 1.7 14
{8) Sep. 28 . ., s )
G
Oct. 7, 1959 173. ¢ 1,628 26.9 85 7 600 1, 400 2.1 4
(3) Sep. 16 - - . . )
7.8 2 o 2. ¢ 8 T20 L, 400 1.9 17
Sep. 26, 1962 3 43 i. b 9 3 o
{10) Sep. 29 . .
' T 0
Oct. 10, 1963 i58. 7 2,060 27.5 g0 510 1, 400 2.2 3%
{11} Sep. 21 - - . R
1.7 ' . ] 9 3 12§
Oct. 2. 1964 . 1 I,348 27.13 G g1 1,400 1
{12) Sep. & - . > 2
N 2 . 2 iy , 400 . 130
Sep. 16, 1966 $2.1 ib 26.7 B [ 1,4 2.5
{13} Aug. 15 -
5 . ? 00
Sep. 14, 1967 56.6 542 28.6 85 1,4
(18) Aug. 10 - 79. 60 598 29. 4 113 9 1,620 1, 400 1.4 110
Sep. 25, 1968
(15} Aug. 1 -
. 0 . 90 10 900 . 400 . 230
Aug.20, 1969 158.0 70 27.4 l. 4 1.6
Note:
Column (1} Basip average rainfall whick produced the floced {mmj}
Column (2) Peak dis¢hprge of flood (cm.3/feec) o
Column [3) 12-hour persiatent temperature at Kanchanaburi at ime of flood (T C}
Colurnn {4) Precipitable water corresponding to the 12.hour persistent temperature in Column (3} (mm)

Column [5)
Column (&}
Column (7)
Column (8}
Column (%)

Average upper wind speed obeerved at Bangkok at time of flood
Historical moisture infiow index,
Maxioum moisture inflow index

which i

imfsec)
the product of Col. {4} and Col. (5]

Maximizing lacter which ia the quotient of Col. (7) divided by Col. {6)
Probable maximum precipitation {mm), which is the product of Col. (1} and Col. {8}
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(N ; Snowy Mountains Engineering Corporation and Dwyer, Leslie PYT LTD,
“Khao Laem Project : Interim Feasibility Report : Flood Mitigation

Irrigation and Flood Investigations”, June 1976.)
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Date of Storm
5-9Sept. | 14— 18 Aug. | 22— 28 Jul. | 8~17Jul | 19 Jul.- 2 Aug.

1966 1967 1971 1972 1972
Ban Hin Phoeng
Peak total discharge (m'/s) - 1,290 1,540 . -
Peak direct discharge (m3/s) - 820 1,060 - -
Direct tflood volume (mm) - 79 151 - -
Total storm rainfall (mm) - 280 317 - -
Thong Pha Phum
Peak total discharge (mafs) 2,620 1,800 1,840 2,860 1,870
Peak direct discharge (m'/s) | 2,140 1,175 1,360 2,460 1,360
Direct flood volume (mm) 162 79 139 293 212
Total storm rainfall (mm) 342 287 308 587 447
Ban Phu Toei .
Peak total discharge (mjls) - - 2,080 2,970 2,000
Peak direct discharge (m3/s) - - 1,570 2,590 1,390
Direct flood volume (mm) - - 103 209 168
Total storm rainfall (mm) - - 240 465 374
Recorded hydrograph
Plate 4 5 6 7 8
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Gni]%ﬁ 1.4-2 Flood and Rainfall Records used for CFR Model Calibration

Date of Storm

5-9Sept. | 1418 Aug. | 22-28Jul. | 817 Jul | 19 Jul— 2 Aug.
1996 1967 1971 1972 1972
Peak total discharge at Thong 2,620 1,800 1,840 2,860 1,870
Pha Phum (msfs)
Peak direct discharge at 2,140 1,175 1,360 2,460 1,360
Thong Pha Phum (m3/s)
Direct flood volume at Thong 648 318 356 1,177 852
Pha Phum (106m3)
Mean total storm rainfall 342 287 308 587 447
above Thong Pha Phum (mm)
Recorded storm rainfall totals
{mm) at:
Pilok 697 717 477 815 751
Sangkhlaburi 207 142 289 508 367
Thong Pha Phum 158 55 136 283 233
Huai Maec Nam Noi 169 139 141 281 322
Ban Phu Toei - - 72 109 61
Sai Yok 36 il 76 73 59
Pluviograph records used at:
Songkhlaburi No No Yes No No
Thong Pha Phum Yes Yes Yes Yes No
Ban Phu Toei No No No No No

n.4-9
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Date of Storm
5-98ept. | 14-18Aug. | 2228 Jul. | 817 Jul I9Jul.72AugLT

1996 1967 1971 1972 1972
Recorded peak direct discharge 2,140 1,175 1,360 2,460 1,360
at Thong Pha Phum (mJ/s)
Recorded direct flood volume 162 79 139 293 212
Continuing loss rate (mm/h)
For
Sub-areas 1 — 8 2.80 3.99 1.50 1.96 1.11
Sub-areas 9 - 11 - - 0.91 222 0.99
Optimum storage lag
coefficient (h) for
Sub-areas 1 - 5 - 8.2 16.6 - -
Sub-areas 1 — 8 13.4 83 14.0 214 13.3
Sub-areas 9 — 11 - - 7.3 5.1 20.0
Estimated hydrograph
Plate 4 5 6 7 8

@15197 n.4-4 Estimate of Probable Maximum Inflow Flood Using CFR Model

Peak discharge 7,100 m’/s
Base length of Hydrograph 16 days
Flood Volume, excluding baseflow 2,810x 10° m’
Flood volume, including baseflow, (over 16-day period) 3,500 x 10°m’

n.4-10



m‘sNﬁ 1.4-5 Estimate of Probable Maximum Inflow Flood by Various Methods

Estimates by Mr S. Chitchob (EGAT)
- flood frequency analysis

- unit hydrograph

Equivalent estimates for other projects in Thailand

Envelope curve of maximum recorded discharges in Thailand

Method Peak Discharge (m’/s)
Flood frequency analysis 7,100
Catchment flood routing model 7,100

5,500 to 6,900
3,800 (a)

5,800

6,600, 6,690

Note : The estimate marked (a) has a return period probably between 50 and 100 years

n.4-11
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UBOL RATANA DAM FLOOD PROTECTION STUDY

DESIGN STORMS

Return Period 1 Day 2 Days 3 Days | Runoff | Effective Rainfall {mm)
Years { mm) {rm) {mm) Coef. 1 Day 2 Days 3 Days

25.2 56.8 84.3 0.40 11.0 12.6 10.0

42,6 83.4 112.5 0.50 20.4 21.3 14.5

10 54.1 101.1 131.1 .55 25.8 29.8 16.5

20 65.1 118.0 149.0 0.575 30.4 37.4 17.8

50 /9.4 140.0 172.2 0.60 36.4 47.6 19.3

100 80.1 156 .4 189.5 0.65 43.1 58.6 21.5

500 114.8 194 .4 229.6 0.675 53.7 77.5 23.8

1,060 125.5 210.7 246.9 0.70 59.6 87.8 25,3

10,000 160.7 264.9 304.1 0.75 78.1 120.5 29.4

PMF 0.779 68.0 266.0 36.5

L




r ’ 1 14
MT1eH 0.5.1-2 N15IAN effective rainfall Ainumadadinaini g iudnsims lvagaga

Return Interval Peak Base Flow Volume
(year) (m*/s) (m3/s) (MCM)
1,355 40 441

5 2,245 80 748

10 2,995 120 975

20 3,655 160 1,173

50 4,519 200 1,421

100 5,461 240 1,696
500 6,999 280 2,115
1,000 7,863 320 2,363
10,000 10,502 360 3,066
PMF 17,631 400 4,823
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UBOL RATANA FLOOD PROTECTION STUDY
VARIOUS DESIGN FLOOD HYDROGRAPHS

{ REVISED )
3
m/s
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i
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(AW : CES Consulting Engincers Salzgitter GmbH - GERMANY,

“Flood Management and Safety Review of the Ubol Ratana Dam:

Final Report”, Bangkok, November 1997.)
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S, = Standard deviation of record

F, = Adjustment of P, for length of record

F, = Adjustment of P__for§,

F, = Adjustment for fixed observational time interval, recomm. As
1.13 for 24 hour

F, = Adjustment for transition from point rainfall to areal rainfall,

equal to 1.0 for arcas of less than 25 km’
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d ¥
AU 400 m™s USwmssantmigig 4,362 MCM
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mﬁN‘rdI f.5.2-1  Rainfall sections in the catchment upstrcam of Ubol Ratana Dam used for

maximum annual 1-day, 2-day and 3-day basin rainfall series 1954 to 1995,

stations by EGAT

No. | Station Station Available | Thiessen | Mean

Code Period Weight | Ann.
[%e] Rainfall

(mm]
1 | A. Kaset Sombun 05052 | 1954-1996 5.85 766
2 | A. Phu Khieo 05032 | 1954-1996 5.77 967
3 [ A Phu Wiang 14052 | 1954-1996 | 16.83 1199
4 | A.Non Sang 75052 | 1958-1996 9.19 1028
5§ | Nong Bua 75012 | 1954-1996 ] 16.96 962

Lamphu

16 |A. Phu Kradung 18073 | 1962-1996 | 23.50 1304
7 |Chulabhorn Dam 05284 | 1969-1994| 12.71 1453
18 [A. Chum Phae 14073 | 1954-1996 9.19 1057

V!'I‘E“Nﬁ N.5.2-2 EGAT’s revised series of maximum annual areal rainfall on catchment

upstream of Ubol Ratana Dam; based on stations listed in Table 1.5.2-1

Year Max. Max. Max. Year Max. Max. Max.
1-day 2-day 3-day 1-day 2-day 3-day
fmm] | [mm] [mm] [mm] | [mm] [oam]

1954 64.5 99.6 109.0 1975 353 634 80.3

1955 66.7 83.9 111.2 1976 36.1 65.0 81.2

1956 68.0 101.1 136.5 1977 711 90.4 104.1

1957 48.0 82.6 103.1 1978 §87.2 138.8 164.1

1958 45.8 66.8 81.6 1979 46.7 87.7 119.8

| 1959 39.2 71.8 95.0 1980 50.4 99.1 133.4
‘ 1960 57.0 66.3 7.9 1981 68.8 73.7 80.0
1961 47.9 73.7 89.8 1982 37.6 73.8 973
1962 61.6 87.8 100.3 1983 1.1 109.9 124.3
/1 1963 54.4 79.0 92.3 1984 34.7 57.8 75.9
| 1964 54.1 1.7 99.7 1985 34.4 65.2 74.6
1965 578 73.2 835 1986 414 67.0 88.6
1966 479 71.2 93.1 1987 41.0 79.5 112.1
__1967 42.4 739 94.4 1988 383 74.8 93.4
1968 58.2 68.5 74.3 1989 36.4 57.2 61.0
1969 54.1 71.6 104.5 1990 344 54,7 6.3
__1970 63.9 77.3 97.0 1961 70.9 121.2 129.2
1971 53.5 86.2 109.4 1992 339 55.6 63.3
1972 51.8 64.6 75.7 1993 38.2 49.7 59.3
_1973 52.2 80.1 113.0 1994 37.2 68.6 90.3
1974 73.8 94,2 103.7 1995 36.4 443 63.7
Mean| 51.1 77.2 95.7
| Stdev.| 13.7 18.5 22.0
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A15399 1.5.2-3  Estimation of statistical 24-hour-PMP for Nam Pong Basin according to

Hershficld (see WMO, 1986)

Statistical PMP | Meteorological
(Hershfield) for{ PMP (EGAT,
basin upstream | 1981) for basin
of Ubol Ratana | upstream of Ubol
Dam Ratana Dam

Length of series of annual 42 -

maximum 24-hours rains

Pron oy (Table 4.4) 571 .

S. (Table 4.4) 13.7 -

K., (WMO-Fig.4.1) 17.2 -

Fy (WMO-Fig. 4.4) 1.00 -

F, (WMO-Fig. 4.4) 1.015 -

F, (WMO-page 100) 1.13 -

F, (areal adj. not needed) 1.0 -

PMP of 24 hours 328 mm 338 mm

Maximum 3-day Areal Rainfall {mm)
320

i !
300 ; i

280

!
1

i

- I
260 7

240 |- L

220

200

| ]
! i
] H
| {
! ‘a
I i
! |
! 1

180

160

140

120 |-
100 |-
80 |-
601l
40 :
20 ...i_.-_._.- ot ‘ b

— Revised

- Pravious

100

RAeturn Period (Years)

1,000

10.900

Based on frequency analysis ol max. annual 3-day dreal rainfalls (1997°1954-9519A7 1954-%))
ditferent proceduras used for derivation of maximum annual areai raintatls

gﬂﬁ 1.5.2-1 Ubol Ratana Dam Safety Review

(Previous and Revised Probabilistic 3-day Areal Rainfall)
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(ﬁiﬂ : Salzgitter Industricbau GMBH, “Nam Pong Project : Engincering Report :

Part It Hydrology™”, November 1963.)
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A15199 0.5.3-2 AU az a1 RIA T NHLYn

F2aanHuan Psanndashy (1) ey Yoanil

30 min. 56 #.9. 2501 UDON THANI

60 min. 76 1.8, 2502 UDON THANI
1 day 200 20 01.71. 2494 BAN NAM PONG
2 days 260 19/20 9.9, 2494 | BAN NAM PONG
3 days 296 19/21 9.91. 2494 | BAN NAM PONG
4 days 316 19/22 9.7, 2494 | BAN NAM PONG
5 days 334 19/23 9.1. 2494 | BAN NAM PONG
6 days 347 16/21 n.A. 2481 | KASET SOMBUN
7 days 387 15/21 1.7 2481 | KASET SOMBUN
8 days 394 14/21 n.#, 2481 | KASET SOMBUN
17 days 556 3/19 .0, 2486 BAN NAM PONG
1 month 673.7 3.4, 2481 MANCHA KHIRI
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Woudrilszm
(ﬁm : Hydrological Investigations of Chiew Larn Project Report No. 842-2201, EGAT,

Survey Division, Planning Department, January 1979.)

MsAnENININ
dugagaainmigiilueda

vindoyamgduluodn Tuwudwglddu (Typhoon) Hyunssiadigninldaen

' . = o 3
milo 71 n.6-1 T4 n.6-3 uaandunisveswiylyudou (Tropical storm) Tuofnivadg
] 3
amnldueszmalnedind Latitude 10N wigdudaulugiihmmdunianza i ldduan

= ¥ Iy o
Wuusnunhaauunamnehduas dueen
' :’ ¥ " = < 3 as

mI3tsyana PMP vosguitnaseure Mdoyanwigruiigudna1slndfiu Kota Bharu
s - o a 2 et ‘ﬂ y e b Ve A
degmaiany Jusanfvuniioveassmeuname ituniy TeuiewfniusenineIun 2-6

Yy @ = v £ w1 . a oy &

unsy 2510 dusutiruansiugf ne-4 Sowgduiindsguinosas Tduguivh
wanaluzili n.6-4 nasvmlSuuddoyands Selddnnn PMF de'’ly |

> ¥ ¥
Foymiwunamgduiigniuudasae i

£

¥
1 a ]

s ] B ’
1. Usmanhrdumdonaguingaana 5 3 e n.6-4 = 1,187 mm.
3
2. Maximizing factor (AMUFUUAZADING) = 1.109 (ANIAWUIN 2)
3. U5Sundszoznennauil = 0.85
b 1 k4 ¥
4. YSwnorhdumbovisguigagayieinl 5 34 (PMP) = 1,187 x 1.109 x 0.85 =
1,119 mm.
a 3 3 : A 1 s
mssznevesdimanirumuna 1ndeyaritsui Kota Bharn 53112147U% 2-6
@
o o s o 1 o
UNTIAL WAL 2510 Thdszgnaleiumsnszatevesdugigastedu (°PMP) vuguiinans

Y
waa 1ddail

1 I o o o«
FAUIET (W) eTmuaAn1InNsEY I N19NIL078 PMP (mm.)

1 423 473
2 71.1 796
3 89.5 1001
4 94.9 1062
5 100.0 1119
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F=1
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Juh ] 2 3 4 5

Y
Swrardwy (mm) 61 205 323 473 57

4 = f= =Y ny o ==} as v oy
TdnFsuisndiunenidugega AaTaedineada uor3Emafamglugean
.. . 1 ey @ e 4 1S a}adgu 3
(storm maximization) W1 DEHDINIFINIT FULTIND 1835 UAMUImUA PMP
Effective Rainfall

M1313231A1 effective rainfall FIMTUNITODAUVY Spillway Tutlszimelnonane
193301514 total runoff factor 7 70% A1GIAAYDI runoff factor FmTu Tasamsunlng uaz
Yantl 81989970 IBRD 1A1 80% 1§9910 1471 initial loss 5 mmvday

3 ¥y
wavnmsRTIadeyad1en vesquihanesudwaauindun 391481 runoff factor

= 80% TIMTUMIVOALUL PMF d 1150 IaTamsitioudaavaiu mIifiunl effective rainfall

T waviduadil
(N 2) (3) Effective Rainfall
OS] O S (2)- 5.0 mm (3)x 0.8
() (mm) (mmy) (mm)
1 61 56 44.8
2 205 200 160.0
3 323 318 2544
4 473 468 3744
5 57 52 41.6
593 875.2
MIa31ABATANN

¥ ¥
Tagldyanmanwigdugnifed dendeyaranimanmgduiifiatuluifou
¥ 3 b 1
NINGIAN WAL 2512 uag w.A. 2513 wavanmgnas nnawglutsresgnil naaslugili n,

6-5
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e 1 { !
wnFanIn I3 uAvdazIgr uazensanumdonaaslugilil n.e-6 nslvagega

@AV 100 cms WazaUAAMIEa 32 2 0 nwanmd s umIoonuuy PMF uaaaly

< o
A13190 1.6-1 waz gl n.6-7

3
k4 <2

Qs 2 ¥ ey e 9 ]
pAyan wdunsizd ngnad1atuTaoldi5ves Snyder Tnoldanmvasrugium
v o ¥ A gy o Y A 9
1 5w inadng s-curve S ldnaRToandosiuonsanmmwiassenyaninlneass uaaalu
1% n.6-6
a Y o ar L'J'. [ 9 c;
dnonaanwlgiumigluiun 14-20 fugien w2519 advanmudadlugila n.e-

g lnramunmuan ldaosndosiuranneinnmsia

NITAIINUNITOBNUIY Spillway
) 4_?1’ ] gt 4 2’ 1 ~ -1
a3 lnafiugiu (Base flow) 300 ems daldmondoyathwiniianiil x.39 a3
Awan PME paadlumsnd 062 uazihund@ounsluzli neo mnsnagegaves
PMF sz 14 5,320 ems 1510510 1,514 mem i3eufsunusaniwvaady 1,000 3 5

1713 Inagage 2,880 cms taaelugUf n.6-10

3% Envelope Curve
¥ r ¥ ] '
nseenuuulsmanhmngeganaatowdmman lnoly envelope curves vaIM3
add”d = [ : - iy & = -
Tnagegaludszimalne 5ilaunagihgnhianundrendsiunisgnaine (hydrologic
similarity) 1umsaswaouniudasy ulSvuisuiuisoy
¥ r Hd ¥
Envelope curve U938A31715 IMagegaaeiuiifisunuvinaguii fnsu 45 guihlu
v 1 ¥ ] ]
szmalne naaalugii ne-11 smnnsdmsvinavenduivamdszanald 2,010 cms
‘]Cj ¥ 2 :’ ' = =
Aluminsifiag15z1319 50 99 100 1)
4

=4 e&‘l r=] 1 é’l =t ’
ATHININBDAEUUIIN envelope curve ﬂsmﬁmmau“ﬂmmuuax"lmmwauﬂﬂmu il

5/

r ¥ 1 ¥
WmugaaanH oo Ima a1 6,030 cms 1AL 3,300 cms MUAIAY

a4 q

MSHDINVBIDI BN
A Ao o 4 ~ ke
WeoppnuuL Spiliway Nanvmziumuhidla Chute type nazilidsyginivgu

¥
@ o

Q = s a . s d dy
fmuassAugatnd +95 m (MSL) dnyaiea lilveq spiliway Tdtail

¥
]

seauihgeng +95.0 m. (MSL)
SEAUTU spillway 89— 91 m. (MSL)
ANWBIVDA spillway 20— 50 m.

n.6-3



8M31015 118900 : Q= CLH" : € =2.10 (metric unit)

1 =1 :’ ! P
naarumfuha e nmui |1 : 10,000 uaasluziine-12
s @t :; 3 ] =1 év as 3) 1 =] g} (Y
naEnNITHaIn o ivveenuuudne N U Teslszavitlusruduiuidy
at ny =Y d' = :) ’ d? (=1 =y 9 I :’
seavihgalng iwedTuaihmavgen wnllTuiadesninnudnseszue1ve g
. 3 “ ! 4 v o é’ ¥ <$ 3 o st @ uy o
spillway Asggihizdlasdiu o liszavih lusranuiimduinasinssauigeilngd
3
-2} R T o ar 9/ = 9 13 =y
1¥dasn3 Tuaoenain spillway whidudasims lmawh vindSuaniwmaufuanuese
:’ . : 5 o | = r 4 :’ 3
52UI8H1U0 spillway  Yszgilivzdanavua@ui Msvainazinaaoitiosouruaimu
DONLLY
1F959991IMHAINGN 6 BU. NARBIAY spillway WUIAAN IHDIABNA VAN
3

maszinmihmaigs sanaasluasiei n.6-3 uaznsvzlh ne-13 dmeuiidonlidmsy

ATOBNIULY spillway UFAI 1UA15199 1.6-4 Wz 3UN n.6-14
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A13197 N.6-1 Computation of Adopted Unit Hydrograph
t hrs .
p T 32 s 3 ‘lp + 100 cms

t/tp q/qP % q
< < hr, cms.
0 0 0 0
0.19 0403 6

0.375 0.20 12 20
0.562 0.59 18 59
0,75 0.86 24 86
0.94 0.97 30 97
1.00 1.00 32 100
1.13 0.94 36 94
1.31 0.76 a2 76
1,50 0,57 48 57
1.69 0.43 54 43
1.87 0.33 60 33
2.06 0,26 &6 26
2,25 0.20 72 20
2.44 0,165 78 16
2.62 0.130 84 13
2,81 £.105 50 10
3.00 0,074 0% 7
3.19 0.051 102 g
3.37 0,035 108 3
3.5% 0.02% 114 2
3.75 2,013 120 1
3,94 0 126 ol

CIECK ¢ Volume of Unit liydrograph = 671 x 6 x 3600 o 10 mm, ok,

1437 = 1CCO

N.6-5



715199 0.6-2 Computation of Spillway Design Flood

1437 x 1000

n.6-6

Time U.H 448 UH 16.0 UH 2544 UH 37.44 UH 4.16 UH Direct Total
Runoff Runoff
0 Q 0 0 300
6 3 134 13.4 313
12 20 89.6 89.6 390
18 59 2643 204 564
24 86 3853 0 385 685
30 97 434.6 48.40 4383 783
16 04 421.1 3200 141 1041
42 76 340.3 9440 1285 1585
48 57 2554 13760 0 1631 1531
54 43 192.6 1352.0 76.3 1821 2121
&0 33 147.8 1504.0 508.8 2161 2461
66 26 116.5 1216.0 1501.0 2834 3134
72 20 80.6 912.0 2187.8 0 3189 31489
78 L6 717 688.0 2467.7 £12.3 3340 3640
94 13 58.2 528.0 2391.4 7488 3726 4026
90 £0 44.8 416.0 19334 2206.0 46013 4903
96 7 314 3200 1450.1 3219.8 0 5021 5321
102 5 22.4 256.0 10939 3631.7 i2.5 5004 5304
108 3 13.4 208.0 8305 3519.4 83.2 4664 4964
114 2 9.0 160.0 601.4 28454 2454 3921 4221
120 i 4.5 112,89 508.8 2134.1 3578 317 3417
126 0 0 0.0 407.0 1609.9 403.5 2500 2300
132 48.0 330.7 12355 391.0 2005 2305
138 320 254.4 973.4 316.2 1576 1876
144 16.0 178.1 748.8 2371 1180 1480
150 0 1272 599.0 178.9 94006 1206
156 76.3 4867 137.3 100 1000
162 50.9 374.4 108.2 534 R34
168 25,4 262.1 832 371 a7l
174 0 tR7.2 66.6 254 354
190 i12.3 541 166 466
186 74.9 41.6 147 417
192 174 29,1 66.5 367
198 0 20,3 20.8 121
204 }2.5 12.5 313
210 83 83 308
216 22 42 304
222 0 ] 300
Check : Volume of Direct Runoff = 58714.3 x 6 x 3600 =882 ~ 875 O.K. _ >87143 70115




@13199 1.6-3 Maximum Release and Reservoir Level Related to Size of Spillway (Normal High

Water Level +95.0 m. MSL)

Crest Elev. Spillway width Spiltway Depth Max. Reserveir (ELV. Max. Qut-Flow

(. MSL) (m.) (m.) m,MSL) {cms.)
81 20 t4 97.38 2784
81 25 96.66 3253
81 30 14 96.07 3683
81 35 95.63 4114
81 40 14 95.32 4551
8t 45 95.09 3997
51 50 14 95.00 5321
83 20 12 98.05 2453
83 25 97.34 2851
83 30 12 96.77 3218
83 35 96.28 3559
83 40 12 95,87 3876
83 45 95.97 4211
83 50 12 §5.33 4543
85 20 10 G8.77 2185
85 25 98.10 2489
85 30 16 97.54 2797
85 35 97.06 3078
85 40 10 %6.60 3347
85 45 56.31 3593
85 30 10 95.98 3821
87 20 8 99.51 1858
87 25 98.91 2159
87 30 8 98.40 2325
87 35 97.95 2662
87 40 8 97.55 2873
87 45 9719 3076
87 50 8 96.89 3268
89 20 6 100.26 1586
89 25 99.74 1847
89 30 6 99.28 2078
89 35 98.90 2288
89 40 o 98.54 2476
89 45 98.22 2648
89 50 6 97.94 2804
a1 20 4 101.03 1334
gl 25 100.60 1561
gl 30 4 10021 1761
91 35 99.87 1943
gl 40 4 99.56 2104
ot 45 99.29 2257
Sl 50 4 99.04 23%6

AT



M51eN n.6-4 Routing of Spillway Design Flood (NHWL = 95.00 m. MSL  Spillway Crest

Elev. = 85.00 m. MSL Spillway Length = 30.0 m.)

HR Inflow Outflow Storage Res. Elev.
{cms) (cms) (Mcm) (m)
0 300.000 300.000 5588.250 95.000
6 313.000 313.000 5588.250 95,000
12 360.000 390,000 3588.250 95.000
18 564.000 564.000 5588.250 95.000
24 685.000 685.000 5588.250 95.000
30 783.000 783.000 5588.250 95.000
36 [041.000 1041.000 5588.250 95.000
42 1585.000 1585.000 5588.250 95.000
48 1931.000 1931.000 5588.250 95.000
54 2121.000 1994.745 5589.614 95.003
60 2461.000 2006.308 5595.888 95.047
66 3134.000 2037.297 5612.643 95,150
72 3489.0000 2087.529 5639.623 95.316
78 3640.000 2146.252 5670.891 95.509
84 4026.000 2213.963 5706.594 95.729
90 4903000 2306.370 3754.218 96.022
96 5321.000 2421.040 5813.592 96.0388
102 5304.000 2542124 5874740 96.764
F08 4964.000 2652288 5929.535 97.102
114 4221.000 2735.745 5970.542 97354
120 3417.000 2782.706 5993 433 97.496
126 2800.000 2796.381 6000317 97.533
132 2305.000 2786.246 5995.253 97.506
138 1678.000 2756.042 5980.451 97415
144 1480.000 2709.453 5957.669 97.278
150 1206.000 2650775 5928.787 97.097
156 1000.000 2684818 5896.068 96.896
162 634.000 2614.355 5860.804 96,679
168 671.000 2440613 5823.544 96.449
174 554.000 2364.869 5784.875 96.211
180 466,000 2288.799 5745.632 95.969
186 417,000 2213..860 6706.539 95.729
192 367.000 2140.755 5667.977 95.491
198 321.000 2069.448 5629.937 95.257
204 313.000 1000.665 5592.827 95.023
210 308.000 1935.089 5557.028 94.503
216 304,600 304.000 5588.250 95.000
222 300.000 300.000 5588.250 95.000

1 K-
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CHIEW LARN PROJECT

FIG.1B COMPARISON OF COMPUTED AND ACTUAL HYDROGRAPH

0 o ] 2 3 4 6 7 time — day
gLl
v 57
|95 3] 10.0
20 7////
_ // 3|g
a0 b B2 .
41.0 / /&Roinfoll Excess
60 eof //
"~ 635 .
60 L 7 Rainfall
’ eL5
1500 -
| Actuol Runoff Storm 15-21 Sept 1976
. —~—Computed Runoff From Adopted Unit Hydrograph
1000
Total. 7 day rainfall 325 mm.
Rainfall excess 248  mm.
500 \ Cirect runoff  wvolume I229  nem.
0 1 : 1 ! I 1 t 1 1 i 1 1 1 t

25 268 27 Sept 1976
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APPENDIX 2

COMPUTATION OF PROBABLE MAXIMUM PRECIPTIATION

Establishing the maximizing factor based on the following assumption

1. Maximum observed dew point temperature at Kata Bharu, Fig. 25 = 26.0 °C
Maximum observed dew point temperature at project area, Fig. 26 = 24.7°C

2. 12-hr persisting dew point for the storm (1-7 Jan, 67), Fig. 26 = 22.5 °C

3. The height of the inflow barrier to the original site {m.s.1.) = 1000 mb

4. Average elevation of Khlong Saeng basin = 340 m.-m.s.l.

A. Moisture adjustment at its original site

Max, observed moisture W
24

Moisture in the storm W 1000 mb
B. Storm transposition
1. Moisture adjustment for difference in Maximum dew point

‘Wat tranposed site W

24.7

Wat original site w,_ ) 1000 mb

2. Elevation adjustment

W above the inflow barier at transposed site for max dew point

W above the inflow barier at original site for the same dew point

W 340 m.

.7

W 1000 mb

.7

i

."» Maximizing factor for the basin (¢])

WZ& W’d? WZ47
= X il x 3
W 1000 mb | w 1000 mb |
225 & 47
W Momo 311—0.26)
W 1000 mb 2.57
= 1.109

n.6-24

340 m

1000 mb
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(“ﬁm : Sverdrup & Parcel and Associates, INC., “Pattani River Project

Feasibility Report”, December 1969.}
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(i Hydrologic Studies on the Design Flood of Pattani Project,

Hydrology Section EGAT, Report No. HD-005, November 1973.)
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2.2 Daily Distribution Pattern @131 PMP
as 4 @ ar o Y o a
Husigduhvzar wlae Tudeanis seu wazsfu dundiuaw depth-

duration-frequency curve §Appendix A

2
-

a y 4 & Ao PR w |
Usmanivhmdoieiuidnomnn 5 aoil Tesddumunaaslusdh
o . i Jd o
n7.2-4 Mimunraaliappendix B annsmlugin n.7.2-4 wesiuavesu 5 Su
LY
dmiudurenn 1, 2,3, 4 uag 5 30 dmSumumaiiadinie uanan1sdiuomlAppendix
¥ W ¥

o ' ¢ o o’t:iv 18w a e ar ¢ o o o
C WﬁﬂﬂlﬁﬂTL!’]'CLU:lﬁﬂd’e]'ullE‘il“ﬁuﬁublusuuﬂl]ﬂ’]'ﬂﬂvjkﬂﬂslﬂ AdUH Lﬂailcﬁu@ﬂ}@flf“lu 5 34

i 4
werad 1ua13191

13181 (1) wesiruary 5 u
1 49
2 66
3 82
4 92
5 100

k4
a

A o 3 = : ' 1 P A =] ~ ~ w a
puuvesduiiindmimavinalug  Adsdeuilamiiasiiduinnigaluiun

¥
4 yoengeu e audal

Juih 1 2 3 4 5

Usuautiielu (ua) 844 105.6 1800 S517.0 169.0

2.3 Effective rainfall

= o s a o :, :’ ] ] 1 1 .
HAYINNIS AATIZTHANUFUAUTIHU-11IMT WU AURde runoff coefficient
:‘ ' 1=y = s o o d' ! , ) :’
YoM Ingiiiai 20 B8 60 1leTiHuA M135139% 1.7.2-2 BHAIA runoff coefficient Tugmi

amil

= o @ 1 ) Y . ¢ d o
WHUNNNINGUAUTBURD SPI 21 A254800 19 runoff coefficient 70 11lo515UA

dmsumsaiau PMF Moumdums ¥ Continuing loss 5 mm/Au TSuaruiimae 71.5%

2.4 MIANALNYAMN
b4 ’ [ ¥ ¥
wnrannadsnndeyminihiaoiivieary duidew) vanimimoy
¥

¥ ]
dwmsuguiin dunnntihmouwesd] 2509, 2510 uaz 2512 Laﬂ%aﬂnw"ﬁﬁﬁuﬁﬂﬂugﬂw .7.2-5

N.7.2-2



{1 9 = 1 ar '
ﬁ'%’lﬂﬂ?ﬂ“ﬁﬁﬂ'lw 3 e L@ﬂﬂfﬁﬂ??‘lﬁqﬂiﬂmmuﬂ@q‘i’lﬂ'ﬂﬂEﬂﬁﬂ’NllLmﬂﬁ'l\‘iﬂuhl‘iﬁﬂﬂ"lﬂﬂmﬂ%’ﬁ

At sp1 i3 namalugiii n7.2-6

2.5 MIANNIYU PMF
INAIVYDIHU PMP 5197U 84.4, 105.6, 180.8, 517.0 148 169.0 effective
rainfall 9@39 PMP 1da1 runoff coefficient 70% mﬁﬁmamuﬁﬂﬂumsmﬁ f.7.2-4 effective
infall Tum31a# 0.7.2-4 T¥mn pMF faneaalu a191eft 0.7.2-5 pME 7 18uanslug Ui

1.7.2-7 PMF 019389 6,026 cms 1151193 1,625 MCM

A15199 0.7.2-1 Results of Frequency Analysis of Flood Peaks

Returm Period : Flood Peaks, cms.

Gumbel Foster Type 11X Los=nornzl

20 2260 : 1950 1870

50 2820 - 2550 2430

100 3280 3000 2500

200 3720 3500 3410

500 4300 4100 4150

1000 4750 460C 4750

5000 5830 5830 6400
10000 6300 6300 | 7100
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19190 11.7.2-2 Effective and Loss Rainfall

STOM: TOTAL RATNFALL | EFFECTIVE L0SS RONOFF CO-EFF
1. RUNOFF, 1%i. b3
18 Dec. 52 76 27 49 0.36
28-30 Cet. 65 102 34 €8 0.33
23 Jan. 66 85 10 75 0.12
2-4 Jan. 67 490 304 186 0.62
24-26 lNov. 67 122 - 47 80 0.37
28-30 iov. 69 114 54 60 0.47
13-16 Dec. 72 285 114 171 0.40

M15199 0.7.2-3 Computation of Effective Rainfall Based on 70 Percent Runoff CoefTicient

(1) (2) (3) @ .
“Pine, dav Total, ma. | (2) - 5.0 0.715 x (¥}
1 84.4 19.4 56.7 Runoff coefficient
2 105.6 100.6 72.0 of this B
3 180.0 175.0 125.0 - = 3T 4 00
1056
4 517.0 512.0 366.0 '
= 70 ¢
5 169 164,0 117.3
Total 737.0
9N 0.7.24 Computation of the Probable Maximum Flood
Time Adopted | 5.67xUH | 7.20xUH | 12.5xUH | 36.6xUH | 11.73xUH Direct Total
(day} UH Runoff
{cms) (cms) (cms}
0 (.0 (.60 0.00 100.00
1 8.9 49,84 0.00 49.84 149.84
2 133.0 754.11 64.08 0.00 818,19 918.19
3 57.5 326.02 957.60 111.25 0.00 1394.87 1494.87
4 22.8 129.28 414.00 1662.5 325.74 0.00 2531.52 2631.52
] 12.5 70.87 164.16 718.75 4867.80 104.40 592598 6025.98
6 5.6 375 90.00 285.00 2104.50 1560.09 4071.34 4171.34
7 0.0 0.00 40.32 156.25 834.48 674,47 1705.52 1805.52
8 0.00 70.00 457.50 267.44 794,94 §94.94
9 0.00 204.96 146.62 351.58 451.58
10 0.00 65.69 65.69 165.69
11 0.00 0.00 100.00
Total = 17706.47
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c FiG.3 ISOHYETAL MAP OF STORM RAINFALL
PERIOD 2 -7 JAN. 1967

£5END

- MW‘AL ENERGY AUTHORITY, THAILAND
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Appendix B

DERTVATICH OF UNIT HYDROGRAP

Use storm Year 1966, 1967 and 1969

Computation of Disencionless Unit Hvdrooranh

Storm, 1969 " Storm, 1967

Time, day t/tp g,cns. q/qp Tize, day t/tp g,cns. /o
0] o 0 0 0 0 o 0
1 0.5 16.3 D.12 1 0.5 8.8 0.0
2 1 136.0 1.00 2 1 130.0 1.0
3 1.5 44.4 | 0.325 3 1.5 60.4 0,45
4 2 22,8 | 0.167 4 2 23.5 0,13
5 2.5 14,4 0.106 3 2.5 1.2.6 0.09
6 3 6.7 0.049 & 3 5.8 0,04
7 3.5 0 0 1 3.5 0 0

n.7.2-17



Storm, 1966 Adopted Unit Lydrosraph
*
Time, day | t/tp g,czs. | gfqp Time, day | t/tp a/ap G,CHS.
0 0 0 0 0 0 e Q
1 0.5 1.9 0.14 1 0.5 0,067 8.9
2 1 134 1.0 2 1 1.0 133.0
3 1.5 67.8 0.506 3 1.5 0.432 57.5%
4 2 22.3 0,166 4 e 0.171 22.8
5 2.5 |10.3 | 0.019 5 2.5 1 0.004 | 12.5
6 3 4.2 0.031 6 3 0.042 5.6
7 3.5 0 0 1 3.5 c 0
240,3
Check - 240.3 x 86.4 = 10 . ok

2080

The dimensionless unit hydrograph of storm 1966, ,1967 and 1969

* *
are plotted in Fig. 6. Then a representative hydrograph 1is selected.

n.7.2-18




Apendix C

Computation of Basin Bainfall Deoth-Duraticn-Frecuency Curve

) (2) Depth of Reinfzll, cm.
» - (3) (4) Gy | () (7) (8) (9)
Betong | Ban-Satal Rasen | Yala Yana  ((34{4)+(5)| ¢ of 5 32
Day Year +(8)+(T) Rainfz
1 50 214.0 | 223.0 | ‘260.0 | 320.0 | 279.0 1296.0 49,0
2 50 316.0 | 292.0 378,0 | 403.0 | 352.0 1741.0 66.0
3 50 | 372.0 | 3%7.0 | 490.0 | 510,0 | 421.0 2160,0 |  81.3
4 50 404.0 | 420.0 560.0 | 577.0 | 274.0 2435.0 92,2
5 50 46,0 | 472.0 | 606.0 | 625.0 | 510.0 2629.0 106.0
<
1 100 239,2 | 248.0 2587.7 359.3 | 314.1 1443.3 49.0
2 100 353.6 | 327.1 £19,0 | 450.7 | 396.4 1946.8 5.8
3 100° 7.7 | 408.9 545.1 | 576.7 | 473.7 . | 2422.1 81.9
4 100 4531 | 463.9 | @es.4 | ¢50.3 | 532.8 2731.5 92,3
5 ioC 465.2 530.5 - 679.4 709.8 | 573.8 2958,7 100.0
£ | | REE
1 200 263.0 | 273.0 319.0 | 397.0 | 350.0 1600.0 b~ 49.0
2 200 392.0 | 360.0 362.0 | 500.0 | 440.0 2152,0 65.8
3 200 e62.0 | 252.0 601.0 | 640.0 { 525.0 2680.0 82,0
4 200 " 500.0 - | 519.0 690,0 725.0 | 590.0 3024.0 92,4
5 | 200 512.0 | 585.0 750.0° | 7186.0 | 638.0 3271.0 100.0
-3
Note  The daily distribution of P..,P, in terms of percentase of

S5-day rainfall from column 9 are 49, &6, 82, 92 and 100

1.7.2-19



Establishinz the lazindzing facior buled on iie

1.

2.
3.
4,

Apperdix I

Computation of Probable EMaxizim Preci-iintion b SII
4 N _e

agsucpiion thaat

ot

Maximm obsexved dew point tempersture at Heota Jhazu = 26.0'C
Maxipun observed dew point temperature at project areca = 2§.5°C

12-hr persisting dew point for the ctorm (1-7 Jan, €7) = 22.5°C
The heisht of the inflov barrier to the orizinal site MSL,, say 1600
Faximizing factors at elv. of siorare damsite (400 £t) znd elv 3000 £

will be detecrmined and averaged o venresent the factor for %be Sasin

A. Transpos;ed to elv, 400!

1. Moisture adjustiment at its orizinal site

Mox,

nhserved coicture

™
l‘26 N

Lolsture in the

e
510

{ -.'-;'55.5)1000@

20

Storm transrosition

a. lolsture adjustiment for difference in ox, dew point
- W at trengoose site = ing e
W at orisinal site (oo 1000 ab
b, Elevation adjuctment

= W above the inflos b-rier at tronsrosed site for
W above the inflow borier ai

= {Vag 5} 400 £y
(W25_5)1000mb

255 .
fre6) x (W22,5)- X (¥25,5) 4002
(Wpp, 5)1000mb (iing)  1000=D (:'725.5) 100Ceb

= {¥W25.5) sooft
= {3.30 - 0,20)/2.59 = 1.196

1.7.2-20



B. Transposed to elv. 2000 ft

By the same methed

g, = (Fas.5)3000 £t
(W22,5)1060mb

= (3.30 - 0.82)/2,59 = 0.957

fverage maxismizing. fictor for fhe basin’ = (1.196 + ©.957)/2

= 1.076

1.7.2-21



A " oAy
N.8 1UDUUNILT DAY



A 1Ay
YD UMD DIFIU
($131 : Food and Agriculture Organization of the United Nations Rome, “Kaeng Sua Ten
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(i) mafuud anmsifaonddmivgadunanmsaiine
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2) fidtaid
AT (MCM) EFIAT
intle FSL (mAMSL)

0 258.00
100 259.54
200 260.87
300 262,10
400 263.22
500 264.32
600 265.37
700 266.40
800 267.40
900 268.35
1000 269.17

¥ 3t
anyausANUAN-6931n13 Tnaoenti spillway ag1/14d i

TEAU Spillway discharge (m’/s)

(mAMSL) CFRD CFRD CFRD CFRD

(option a) {option b) {option ¢) (option d)

258.00 0 0 1380 0
259,00 160 170 1960 330
260.00 540 570 2720 910
261.00 950 1630 3620 1680
262.00 1500 1580 4560 2530
263.00 2080 2220 5540 3550
264.00 3060 3200 6540 4740
265.00 2770 4300 7580 5900
266.00 4500 5820 8700 7270
267.00 5260 7500 9900 8850
268.00 6050
2658.00 7000
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@1519N 1.8-1 Rainfall Frequency S

tatistics

THAILAND: KAENG SUA TEN AGRICULTURAL DAM PROJECT

Rainfall Frequency Statistics

Station: PONG 73032 Station:
1-day 3-day G5-day 1
100 yr 184 257 296 100 yr
1000 vy 251 332 381 1000 yr
PMP 526 612 661 PMP
Station: NGAOD 16092 Station:
l-day 3-day 5-day 1
160 yr 187 218 268 100 yr
1000y 241 273 337 1000 yr
PMP 517 535 684 PMP
WEIGHTED POINT STATIS
Weightings: Pong = 0.50
Ngae = 0.25
l1-day 3-day
100 yr 187 256
1000 yr 253 azs
PMP 526 633
Areal reduction factor: 0.75 0.80
CATCHMENT STATISTICS
1-day 3-day
100 yr 148 205
1000 yr 190 262
PMP 395 507

1.8-9

PUA 28042
~day 3-day 5-day
229 313 3586
294 404 458
603 845 958

CHIANG KHAM 73022

-day 3-day 5-day

187
232
437

TICS
Pua

263 342

332 437

665 893
0.15

Ch.Kham= 0.10

5-day
303
387
734

0.85

5-day
257
329
624



M1919% 9.8-2 PMP Design Storm Profile

Day Time Rainfall (mm)
(hrs) baily 6~hrly
1 0-6 70 17
6—-12 17
12-18 18
18-24 18
2 0-6 85 21
6—-12 21
12-18 21
18-24 22
3 0-5 390 65
6=12 130
12-18 130
18-24 65
4 0-6 85 22
6=-12 21
12-18 21
18~24 21
5 0-56 70 18
6~12 18
12~18 17
18=-24 17

f1.8-10
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A15197 n.8-3 Outflow Performance of Spillways

H | 1 PMF ! 10000-year fiood}! 1000-yeasr fiood | 100-year flood |
} Dam | Configur8tiOn ——= - et e e e e e e e e G e LSS S eSS oS a s T }
| } | Disch.| Flood | Disch.! Flcog | Disch,| Floged | Disch.] Flood |
| } ! (m3/s}| rise I (m3/s)| rise | (m3/8)] risae I (m3/s)] rise |
] i ] 1 {mAMSL) | I {mAMSL) I (mAMSL) | i (mAMSL)|
| == m e e e e e e e e e o e e e e e e e e e e e e E S — e es e !
| RCC Option a | Partially gated } 6700 | 264.14 | 3700 | 261.1% | 2680 | 259.95 | 1860 | 258.83 |
i e —————— vmmm e m—m i ————— et e m— e - —————————————— ——— e s i
] RCC Option b | Uncontrolled | 6900 { 265.70 | 3300 | 262.71v | 2250 | 261.67 | $t330 | 260.55 |
| === m e e e  — e e e T T - e e !
[ CFRD Option a | Bellmouth + aux. | 5700 | 267.52 | 2800 | 263.70 | 1780 | 262.5 | 1020 | 261,13 |
T e D T e i |
| CFRD Option b | Side + aux. { 6800 | 266.8680 | 2800 [ 263.60 | 1840 | 282.41 | 1060 | 261.05 |

e . ——— ————————— o ———



Rainfall in mm per &hr period

THAILAND:

KAENG SUA TEN AGRICULTURAL bAM PROJECT

The Probable Maximum Flood

Discharge {m3/s)

{Thousands)

12 —_
10400 m3/fs
10
iri |
. o Reservoir trﬂg&
. o ;
6300 m3/s - Spillway discharge
& {RCC option b)
4+
.
2 ™~
— o S~ N
/ ~
O [4_-”7/1/ T T T T T T T T T 'l":"‘;_-"ﬁ'q'
0O 12 24 36 48 B0 72 84 96 108120132144 156 168 180

Time (hours)

3‘11?1 01.8-1 The Probable Maximum Flood
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Rainfall in mm per 6hr period

50

THAILAND: KAENG SUA TEN AGRICULTURAL DAM PROJECT

The 100-year flood

Discharge (m3/s)

3000
2500+
2000+
1500
10001

SOOW

-

e

Reservoir inflow ]

/{ Spillway discharge |

{(HCC option b) [

0
0

12 24 36 48 60 72 B84 96 108 120132 144 156 168 180
Time {(hours)

51/ 1.8-2 The 100-year Flood
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Rainfall in mm per 6hr period

THAILAND: KAENG SUA TEN AGRICULTURAL DAM PROJECT

The 1000-year flood

Discharge (m3/s)

Rainfall loss [} Net rainfall

Time in hours

5000
}4000 m3/s l

4000+ e = !
Reservoir inflow |

3000

2250 md/s Spillway discharge
_.._._....__......._..._.._ 0
5000- {RCC option b)
1000

0 P T T L} T T T T ¥ T ¥ T T T
O 12 24 36 48 60 72 84 96 108 120132 144 156 168 180
Time (hours}

317 1.8-3 The 1000-year Flood
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Discharge (m3/s)

7000

6000

5000

4000

3000

2000+

1000+

THAILAND: KAENG SUA TEN AGRICULTURAL DAM PROJECT

The 10000-year flood

—

[

-

Reservoir inflow

Spilway discharge
~{(RCC option b)

Time (hours)

31 1.8-4 The 10000-year Flood
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THATLAND

KAEKG SUA TEN AGRICULTURAL DAM PROJECT

targest i-Day Rainfells - Northern Thailand

si;tion No. Name Record Largest Daily Date
Rainfalt
From To
28013 Nan 1952 1988 190 § September 1980
28022 Wiang $a 1953 1988 165 21 August 1961
28032 Na Noi 1952 1988 158 9 September 1961
28042 Pua 1952 1988 194 23 August 1987
28053 Thung Chang 1952 1988 19 16 August 1953
28062 Mae Sakhon 1952 1988 155 23 May 1986
73012 Phayao 1952 19838 130 15 May 1988
73022 Chisng Kham 1952 1983 166 25 July 1965
73032 Pong 1952 1988 157 5 July 1981
73042 Dokkham Tai 1966 1988 116 23 August 1966
07013 Chiang Hai 1952 1988 166 14 August 1968
07022 Sarapi 1952 1988 247 7 September 1979
07032 San Kamphaeng 1952 1988 128 21 July 1984
07042 San Sal 1952 1988 171 14 May 1970
07052 Doi Saket 1952 1988 129 8 October 1954
07062 Mae Rim 1952 1988 124 21 September 1975
Q072 Hang Dong 1952 1988 162 14 May 1970
o7oB2 San Pa Tong 1952 1968 126 . . .October A9ZT..... J
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RAINFALL IN 6-HR INTERVAL

HORKING PAFER 5

Figure D1
THAILAND:  KAENG SUA TEN AGRICLATURAL DAM PRCJECT
T 1
STORM NUMBER 1 - July 1281 ’
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RAINFALL N 6-HR INTERVAL

WORKING PAPER > 5

ﬂppeﬂdu b
Figure igure 02

THATLAND: AENG SUA TEN AGRICULTURAL paM PROJECT

} STORM NUMBER 2 - Seplember 1983

35
30 Y Rainfall loss Hl Effective rainfall
25+ ' )
20
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RAINFALL IN 6-HR INTERVAL

30

WORKING PAPER 5

Aopencix D
Figure D3

THALLAND: KAENG SUA TEN AGRICLLTURAL DAM PROJECT

l STORM NUMBER 3 - September 1984 a!

i

DISCHARGE - m3/s

1200

N\ Rainfall loss [l Effective rainfall
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RAINFALL IN 6-HR INTERVAL

WORKING PAPER S
Appendix D
Figure D&

THAILAND: XAENG SUA TEN AGRICULTURAL DAM PROJECT

STORM NUMBER 4 - August 1987
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¥

ASUNTNNTIIDIAD
[ type no. of hore average depth (m)

b 2 2.25 2.5 b = boulder
i 851 1344 13.5 ¢ = clay
Lr 39 48.86 49.0 g = gravel

ol 40 13.38 13.5 1= laterite

y 2 6.10 6.0 r = rock
f,’:l"”_ 1 27.00 27.0 s = sand
ofs 71 16.18 16.0 ¢ = quartz

c/silt 5 8.19 8.0

¢+ sand 5 28.35 28.5

filled deposit 5 13.11 13.0

g 53 3.50 8.5

g 4 531 5.5
s 3 8.64 835
| gniess 1 54.88 55.0

granite 1 15.24 15.0

1 75 4.20 4.0

/b 1 1.52 2.5

Ve 9 4.31 4.5

lig 1 7.50 7.5

I 1 4.00 4.0

Ifs 1 3.05 3.0

limestone 1 4.57 ) 4.5
marl 1 35.06 35.0
q 11 18.57 18.5

/g 1 2.00 2.0

g/silt 1 80.79 81.0

r 7 19.03 19.0
8 1760 811 | 80
s/b 1 12.20 12.0
s/c 27 9.96 10.0
 slg 11 7.26 75
s/l 1 6.00 6.0
sandstone 2 19.06 19.0
shale 4 11.41 11.5
silt 21 3.52 a.5
silt/c/s/q 1 16.77 17.0
silt/g 3 4226 425
silt/s 4 10.03 10.0
| silt/sandstone 1 6.10 6.1
stltstone 1 4.57 4.5
top soil 98 138 1.5
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131990 A-5 MSUNNUNTUIAY

7 4 -
WP (815190 Tame )

¥

Aufigd
Sidud $oaoil sWawail | adedt 1 adaft 2 adaf 3 (m.m;i;
L Diunileituenn 060101 | 1816.250 | 1816250 | 1816250 ;316‘25-";
2 [fhwni) oy 26) sadiu 16220 X X X X
3 [Ahmssunesudos 327008 | 2558750 | 2358125 | 2558.750 2553.542-'.
a4 |dnwadumusuiougina a e oaoo 327022 | 3020625 | 3020000 | 3020.625 3020_4]'7:;
5 I9sahuieuiass o.Ao0w (8 1.0.48) 327018 747.500 746.250 746.250 746.667;.5
6 hnina(w.syamim 16151 X X X X
7 jguinaassdgniug Ienane-teus a.eea 327027 | 696250 | 696250 | 696875 695,;;‘
8 |uiazios 300202 53.125 53.125 53.125 53175“
9 |fhunodfiu .90 0769 2000000 | 2010.000 | 2010.000 2010&}-
10 “ﬁ?"mﬁa"wmaaaﬂ 327010 533.750 533,750 533.750 533.750
1t {dnbha 328201 X X X x—-
12 |gudaggq dnha 328301 X X X X
5 [hudustmhm 061501 528,125 528.125 528.125 528.125
14 [Ahmssunsseunes 327003 | 698,750 698.750 698.750 698.750
15 |ihmssunawingy 327007 | 1554375 | 1554375 | 1554375 | 1554375
16 {InTamsinBRsNTsSHIOUN S 0.900Ma80 (18 1.9.48) 327028 745.625 745.625 745,625 745,625
17 |dwu 320201 | 1108.125 | 1108.125 | 1109.375 | 1108.542
18 |amiinaassinduihaog 327024 126.250 126.250 126.250 126.250
19 [Ahssunedutnes 127014 77.500 77.500 77.500 77.500
20 [Rmsdunenans 327013 113.750 113.750 113.750 113,750
a1 liwwvithuduhaes alte iR 060801 | 278750 | 278.125 278.750 278.542
22 [Amssuneansi 327011 130.625 130,625 (30,625 130.625
23 ﬂymahﬁuuﬁﬁmvjwmq 060803 | 1763325 | 1763750 | 1763250 | 1763.373
2 |Anissunedufums 327015 571.875 571.250 571.250 571458
25 hideslwi 327501 63.750 63.750 63.500 63.667
26 |qudgnadnmii i Fwnamrarlsemui | 07391 51.250 51.250 51.250 51.250
27 iwszdimingiadnxiiomi o dies 327021 126.875 126.875 126.250 lﬁfﬂ
28 lgnennvinAnogmm-1ju e dios 327020 51.250 51.250 51875 iﬂ
20 |#3imssuneauiia 327009 853.750 852,750 854,375 853.958
30 [Fimsduneduning 327012 84.375 83.125 83.125 83.542
R




- v A Ao ¥ T
a1513% A-5 Maanuninndu (ne)

‘umﬂﬁ:‘uﬁ' (13130 Teun ) Audinds
S Foenil sWaamid | afei a2 afif 3 (M3.030)
4 [Fimssuneassasia 327004 | 766250 | 765.000 | 766250 | 765.833
32 [Ahmsdunonisy 327002 70.000 70.000 70.000 70.000
33 (w18 327301 166.250 166.250 166.875 166.458
___3_; gudnganineudesing 060601 245.000 245.000 245,625 245208
_—35 aauthuuvenss o.utuag 327025 750.000 790.625 790.000 790.208
-—f35 Fnssuneutuag 327005 756,475 755.625 756.250 756.250
—_;7 iwignaigou 300201 255.625 255625 256,250 255.833
38 |aniifudwinondomn o i 327026 X X X - X
19 [R9nsduaenii 327006 | 598750 598.750 598,250 598,583
a0 |[FmssunaiFee 327016 878.125 878.750 878.125 878.333
a1 hlwsiunefimilethuduihdn 060406 | 1098.250 | 1098.125 | 1097.875 | 1098.083
42 ﬁwﬁuﬁﬁlﬂﬁlﬁ"luau‘ﬁ"l@] 060301 568.750 567.500 567.500 567.917
4 hosiweit 060401 741.750 741.250 741,250 741.417
a4 |guddmuitlesdeumamie o.dha 327023 | 342500 | 342.500 341.250 342.083
45 |iBoaso 303201 X X X X
46 [Fimssunodia (amo.su 3) 327001 X X X X
47 fantneaositraueh 327019 X X X X
43 feuinge 1Foas 303301 X X X X
49 [t imsdunouwiew 202 1.4 uiein 327017 X X X X
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1.1 msilszanua PMP 1ag35 Statistical Estimates

¥ 2
TEnatawau lao Hershield  a51veglugiloTas wMo  (1986) TT1idluns
' 1 = ar a1 oy =) ' o Yo ov
tszanaal PMP adesaiia T llagldduguinanaan uaannsadwnlgnuguni
t Y ] o
vinalva) ladmauig

¥ ¥ 3
AUN13U04 Hershield pUR U Munsmslszusmisgtavosr 24 %3 Tue fudad

Poo 7P s By T K S, FLIEF,
s

P = Maximized rainfall (PMP)

Poann = Mean of annual maxima {24 hours) of record having n annual
value

S, = Standard deviation of record

Fl11 = Adjustment of Pmean,n for length of record

Fiz = Adjustment of Pmean,n for Sn

F2 = Adjustment for fixed observational time interval, recomm. As
1.13 for 24 hour

F3 = Adjustment for transition from point rainfall to areal rainfall,

equal to 1.0 for areas of less than 25 km’

T ] ] 9 Qs - = gF
midszinaadugage lugaan 1919 uaasdoyadanisiei w.1-1 59 9.1-3 win'ly
Y
¥ o o 1 ¥ 1
Yoya 56 1) (1951-2006) vz 1dUTuenhdugeganagrvadidannaniims 199eya 24 1
A @ £y o 1A Yo W =) ]
(1982-2005) 10115 1mes lugiovss WMO (1986) s lddudeyat/sumrugegaveagu
¥ '
illwazaunsdeoy asdrugaa1 1 3y samsAnoaaasluased .14 iz ldam
PMP d1mi 1 T et 382 s,
a1 pMP 718l usuan1zye 5980015 Areal Reduction Factor We15uA191nga1HY

P A = ke EAF- g '
aunavlsuaniwunsRuRivenia 9
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g4gn38] ¥ 2981 1, 2 uay 3

Station Thiessen Weight (%) Mean Annual Rainfa]}
No. Station
Code 1982 - 2005 | 1951 - 2006 (mm)
i Ban Mae Phu 16220 15.60 1096.2
2 | Lampang* 328201 1.00 15.50%* 1034.8
3 | Chiang Rai 303201 2,00 1673.4
4 | Mae Hong Son* 300201 3.40 3.70%* 1289.4
5 | Mae Sariang* 300202 19.70 25.50%* 1115.7
6 | Lamphun 329201 21.60 973.5
7 | Maung Chiang Mai 07391 14.20 972.1
8 | Chaing Maj* 327501 22.40 55.40% 1113.5 N

winune  * Aeaoniiifisrsadoyadaudil am. 1951 2006 (W5, 2494 — 2549)
¥ [l
==}

=1 U . . da‘a d.d'd t 9 c\aj =]
** f1071 Thiessen Weight (%) NTUNAANUN 4 ﬁmuﬂmammmagamumﬂ

f.7f. 1951 — 2006
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a5 4.1-2 USmanivhigegaseTinfefiasliud (Annual Maximum Areal Rainfall) 4035

b ) 3
Ao nUN 339981 1, 2 118 3 51 vedan1in 1 - 8 :1nA15190 9.1-1

Year Masx. I-day Max, 2-day Max. 3-day
1982 39.1 71.2 84.4
1983 325 43.1 593 _
1984 339 56.8 69.5
1985 37.1 56.8 86.0
1986 327 47.0 51.8
1987 63.9 79.9 95.5
1988 517 98.3 120.1
1989 369 46.1 65.7
1990 47.0 49.4 58.7
1991 304 58.9 79.0
1992 48.6 70.3 76.4
1993 49.7 93.4 109.9
1994 53.0 66.5 72.4
1996 39.6 60.6 70.2
1598 29.6 37.5 56.3
1999 44.8 55.4 63.1
2002 54.5 75.6 90.0
2003 317 44.3 35.1
2004 72.9 87.6 100.7
2005 42.6 69.8 78.5
Mean 43.9 63.5 77.1
Stdev. 11.7 16.8 18.4
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M3199 1.1-3 USanihWugegasiuilinfensiu (Annual Maximum Areal Rainfall) 9938
9

k4 1 ]
1alanouUY $I987 1, 2 uag 3 TU ¥BIa01HN 2, 4, 5 102 8 9INAIT MR 3.1

4.1-4

T —

Year | Max. 1-day | Max, 2-day | Max. 3-day | Year | Max. 1-day | Max, 2-day May, 3
1951 79.1 94.9 27.8 1979 86.8 93.0 ___;5:
1952 71.2 82.8 28.6 1980 89.9 94.1 287
1953 113.5 138.2 44.8 1981 79.7 93.1 209
m——

1954 118.3 1243 39.3 1982 126.6 141.6 07
1955 97.6 119.2 26.9 1983 79.1 94.3 204
1956 82.0 921 25.0 1984 66.5 81.7 ——E
—

1957 777 6.6 252 1985 84.9 98.1 25.0
1958 56.1 67.4 24.7 1986 75.5 92.5 m
1959 84.3 116 19.1 1987 94.7 117.3 411
1960 94.6 1116 229 1988 88.8 107.4 406
1961 95.5 110.6 46.4 1989 70.1 92.9 252
1962 88.9 106.5 27.8 1990 85.6 90.3 249
1963 64.1 67.0 28.3 1991 73.7 96.5 29.8
1964 92.7 59.4 37.6 1992 108.0 114.2 29.1
1965 94.0 100.3 19.3 1993 109.3 147.7 433
1966 70.4 79.7 16.5 1994 90.1 100.9 25.1
1967 100.0 139.5 584 1995 82.0 95.9 29.0
1968 1207 | 1314 47.0 1996 114.2 1477 46.0
1969 113.3 127.3 317 1997 65.8 78.7 25.5
1970 110.9 1243 32.8 1998 91.2 98.1 244
1971 117.9 130.2 30.0 1999 104.9 120.9 288
1972 85.7 109.4 314 2000 78.5 83.0 224
1973 80.4 96.8 25.5 2001 128.0 134.7 36.0
1974 119.9 124.7 25.2 2002 1154 125.0 41.3
1975 18.6 101.9 34.1 2003 92.6 168.4 ’f}_é_z
1976 65.6 75.7 219 2004 99.2 108.4 419
1977 96.2 100.4 22.7 2005 1189 141.5 34.8
1978 96.1 116.4 45.6 2006 107.9 137.5 39.7
Mean 77.6 98.4 113

Stdev 16.2 20.5 229




a13191 4.1-4 Msdszniua PMP dvsuieug)iinan 1w yeq Hershfield

Statistical PMP (Hershfield) for Bhumibol

- 1

dam
agth of series of annwal maximum 24-hours 56
rains
mean.n {mm) 77.6
S, 16.2
K. (WMO- gﬁ%‘i 41-1y* 16.1
F,  (WMO- g 9.1-2)% 1.00
F,  (WMO qUfi a.1:2)* 1.00
F,  (WMO-wth 100)* 1.13
F, 1.00
PMP of 24 hours 382 mm

HINPKE : *World Meteorological Organization (WMO), Manual for Estimation of Probable

Maximum Precipitation, WMO-No.332, Second Edition, 1986,

20 N [ I [
— [ —r———
_ 5 hourg |
- 7
_— '__ \ 600', ]
- | \ | | L
10 kl1]

20
Mean annual maxipem rainfall {um)

hour curve interpolated from other duratic

0
\I T
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A

AN
— N
5 [ | M

]

S

\ -

l

100 200

300 400

MEAN ANNUAL MAXIMUM RAINFALL (mm)

gﬂﬁ 2.1-1 K _ as a function of rainfall duration and mean of annual series Hershfield (1965)



130 | l | ] [ |

125

120

wn

-

=}
s — \3
2
(=]

Adjustment factor {per cent)

110
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Length of record (years)

3‘1]‘?} 1.1-2 Adjustment of mean and standard deviation of annual series for length of record

{Hershfield,1961b)
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r 14 3 ’
1. PMP 1naoyiaquii nn 6 9 13

1.1 WA unas PMP 24 931360 5000 km®  A19 18 400 mm

1IN 4.2-1

1 '3 4 ] 1 o 2 a al
12 93y 3-10 Srdesivuduean139018199) vearu 24 §3139 5,000 km' 11 IlqmAy

¥ @
mluduaau 1.1 a1 PMP woaguni

6 ¥11u4
12 21w
18 #1104
24 421w
48 $7 14

72 %1139

23% (92 mm)
35% (140 mm)
47% (188 mm)
55% (220 mm)
73% (392 mm)

87% (348 mm)

¥
1.3 @yunsanuingranmnndeyaduneuy 1.2 YudunsldiFougius pmp yn

6 ¥ Tyanude 72 $2 104

1.4

F39987 (573 1319)

A o &
PMP NMIWUYY (mm)

PMP &zdd (mm)

6
12
18
24
30
36
42
48
54
60
66
72

90
53
43
34
24
19
15
14
14
14
14
14

90
144
186
220
244
263
278
292
306
320
334
348

2. Safesdauves PMP 9N 6 3 Tusonuin llniios

' v A : dr @ =
2.1 sHungu 4 mAAmnAgadium 24 52 Tuagege sasnaunuaziosiga

12-1



U 1 IAYaEe

U 2 11A15998917

220 mm
72 mm

56 mm

[ ¥ u‘; 3 J c;d.' 1 L :; T 3 =§
22 Tangu 24 Fr 1w IinguiniimigegasgaTinans Anlesiigaeglmomunile

HUUR 1 Hunii 2
udh 1 72 mm 56 mm
Sud 2 220 mm 220 mm
Sudh 3 56 mm 72 mm

23 swlu 24 $2us Iaddunmn 6 1 1uelny Mgaga 2 BUALUIN Uaz 3 duAvey

annu Awigaogilaiy

franan (F1Tu) A1 PMP (mm)
UL 1 semauininuu 1 uuu 2
6 24 14 14
12 19 15 14
18 15 19 14
24 14 24 14
30 90 53 53
36 53 90 90
42 43 43 43
48 34 34 34
54 14 14 24
60 14 14 19
66 14 14 15
72 14 14 14

1.2-2
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3. A1NTZVIAINAUT
' . 4 . 0 . w
3.1 1% isohyetal pattern Iu3UN .22 95201880 6 F 1w gaga 4 Awsnidege
o S M : A 9 = EN = 1 3 ° A
Auénananazmstavesgihnitequi melifasuasduinnitgaluqani ghyld
b2 1
1.2-2 FouvugUgniusithaounu uaadlugii €.2-3)
] 1 o 4 a oij :, ] P 5 a a;ﬂ
32 swamledmuanisnsznevesduandusuiidunie 1Suh PMP 6 Tuanl

Mgagn TaoldgUhn a.2-4a d iy PMP 6 52 Tualinsosannldgi 9.2-4b, ¢, d

u

Isohyet PMP 6 %ﬁiﬂ%ﬁ?ﬁ?ﬁvﬂﬁqﬂguﬁﬂ
i 1" (90mm) 2" (3mm) 3" @3mm) 4" (34 mm)
%% mm % mm % mm Yo mm
P 250 225 175 93 175 75 185 63
A 220 198 150 80 144 62 140 48
B 155 140 122 65 122 52 115 39
C 95 86 100 63 96 41 95 32
D 55 50 70 37 74 32 74 25
E 28 25 50 27 50 22 60 20

14

] ¥ ¥ r 1 ]
msfnulSinudundensiuive PMP 6 49 luedimgega Tnelddoyanuiiam

¥ W N
2 avosdurisidy 913130 9.2-1

Isohyet Isohyet area AA PMP A A x PMP

i (k) (k) (mm)
p 20 20 225 4,500
A 260 240 198 47,520
B 2,260 2,000 140 279,000
C 11,170 8,910 86 761,805
D 26,400 15,230 50 753,885
E _ -

3 26,400 1,846,710
Ao - LHOT0 69.95 mm
26,400

4.2-3
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4. wigHuimnauney PMP
PINATI1IH 9.2-2
A o t d’i a c; 2 A‘ 1] g ol
4.1 030 3 3w wighuneiiios TunruanminAganianu 3 1)

WigH PMP 100% = 348 mm

U
Ed
WigHNAIUNDY 50% 1 25wy 36 mm
=174 mm 2 1" Wswmdy 110mm

3 3" fSyeeeu 28 mm

WY PMP 100% 4 35wy S6mm
= 348 mm 5 1M Swmduy 220 mm

6 27USinmede 72mm

i
~ ¥

= as 1 d_"l o n:i ot ar ar
42 n3dl 4 Tu wigsuaeiio Chudruanniiniganienu 4 )

Jui
wWiguiadiunou 65% 1 2% dSinad 47 mm
=226 mm 2 taffweey 143mm

3 3" Fumeu 36 mm

4 dutlpa
WigHu PMP 100% 5 2"iFmaely 72mm
— 348 mm 6 1" 5umupe 220 mm

7 395y 56 mm

1.2-4



A15190 9.2-1 Isotyetal areas

(For storm pattern of figure 4.2-2)

Isohyet Isohyet Area (km')

P 20

A 260
B 2,260
C 11,170
D 29,690
E 56420
F 103,730
G 139,650
H 184,160
I 245,170

ﬂ?ﬁWdﬁ~12-286qucncesoftyphoonIMnﬁﬂm .

3-Day Track Separation

Prior storm, 50% factor 16 - heaviest day

l 17 - 3d heaviest day
3 days

18 - 3d heaviest day
PMP storm, 100% factor 19 - heavlest day
20 - 2d heaviest day

{Sept. 15 - 2d heaviest day

4-Day Track Separation

Prior storm, 65% factor 16 ~ heaviest day

iSept. 15 -~ 2@ heaviest day
l 17 = 3d heaviest day
4 davs

18 - normal rain

19 ~ 2d or 3d heaviest day
PMP storm, 100% factor 20 - heaviest day
21 - 3d or 2d heaviest day

3.2-5
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3‘!]‘?] 4.2-2 Isohyetal pattern for distribution of heaviest 1-day typhoon rain
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20,000

19,000

BASIN AREM [Km?)

5,000
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/// —= |SOHYET = 1
l - // / .
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PERCENT OF PMP

g’l.l‘ﬁ 1.2-4a Nomogram for isohyet values, 1st (highest) 6-hr PMP increment

1 T i Rl T T T ] | ¥
25 000 |- E D ¢ B A P ~=ISOHYET
20,000 .
= |
= .
2 30,000} -
- ]
5.800 i ] } ] i L L ]
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PERCENT OF PMP

gﬂ‘ﬁ 4.2-4b Nomogram for isohyet values, 2nd 6-hr PMP increment
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gﬂﬁ 4.2-4d Nomogram for isohyet values, 4th 6-hr PMP increment
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g‘l}‘ﬁ 1.2-5 Depth-duration-area values of PMP in percent of 24-hr 5,000 km’ PMP (mm)
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(Oct. 21-22, 1952)

Area Duration (hr)
(km”) 6 12 24 36 43 72
Average Depth {(mm)

1,000 165 282 385 412 427 470
2,000 130 240 352 380 395 438
3,000 112 219 336 364 378! 420

5,000 100 200 315 345 370’ 396
10,000 90 179 283 315 355" 362
20,000 75 155 245 278 332" *
30,000 70 140 222 252 314’ *
50,000 62 119 186 216 287" *
100,000 50 83 123 150 225' *
200,000 35 59 82 104 130 170
300,000 28 45 65 81 100 130

Notes : All values from Tilda except those marked with a superscript 1.

*Vae 48-hr depth greater than Tilda 72 hr
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Cross Section of Mae Mam Ping at Ban Kong Hin Station {Staff Gage Line}
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207 34 206 249.2 249.2 5 .96 0.025 10 5 70 .68 20 0.5 s00 | 0.5
206 i 205 2082 738.5 27 0.96 | 0.00364 3 5 70 0.68 20 0.5 500 1 035
203 10 203 161.7 890.3 27 (.94 1.002 3 5 70 (.68 20 0.5 500 1 (3.5
204 i9 203 2025 202.5 27 0.99 0.00105 10 5 70 (.7 24) 0.5 SO0 ! 0.5
203 19 202 2528 1345.6 27 0.95 0.00H 05 3 5 70 (.68 20 1.5 300 i 0.5
202 4 199 130.7 1476.4 27 0.95 0.0025 3 4 100 (.53 20 0.5 500 i 0.3
201 il 200 47.2 472 27 .83 0.10545 10 4 100 0.43 20 3.5 500 .8 0.5
200 3 199 4.6 518 27 {176 .00333 10 4 100 (0.53 20 .5 500 | .5
199 i} 197 108.8 1637 27 .95 (.00167 3 4 100 (155 20 0.5 500 1 0.5
108 12 197 36.2 39.2 27 0.99 0.08125 10 4 HE 0,55 20 0.5 500 1 0.5
197 b 196 53 1729.2 27 0.98 0.0005 3 4 100 0.55 20 0.5 500 ] 0.5
196 11.5 195 32.6 3047.9 16 0.74 0.00069 i 4 100 0.55 20 0.5 300 ] 0.5
155 35 193 107.7 31355 34 0,77 _§ 000143 1 4 100 0.5 20 0.5 500 1 0.5
194 22 193 56.6 36.6 16 0.7 {.00023 1 4 100 (.55 20 0.5 500 1 0.5
193 1.5 101 46,7 3258.8 16 .80 (.0004¥ | 4 150 .35 20 1.5 50X) | .5
192 30 190 1681.2 18].2 3 (.97 (L.01967 15 5 7 0.55 200 .5 500 1 0.5
191 17 190 36.1 36. 1 3 | (.04882 13 5 70 (.55 200 0.5 S04 | (.5
190 4 | 88 26.1 243.4 5 0,93 0.0125 14 3 70 .53 200 0.5 5()0) | (.5
189 15 188 59.1 39.1 3 (.93 0.03667 15 5 70 0.33 200 0.5 300 { 0.5
188 13 187 236.5 539 5 0.54 (.00269 16 5 70 .55 200 0.5 500 i 0.5
187 9 186 202.9 7419 5 (.98 0.00036 16 5 70 0.55 200 0.5 500 1 0.5
186 7.5 184 68.7 810.6 il L 0.00013 16 3 TG (.55 200 1.5 500 | 0.5
183 13.5 184 32.1 321 I3 0.99 | 0.07(48 15 5 70 0.6 300 ox ] 2000 2 0.9
184 8 177 4.6 907.3 ] | 001113 16 5 70 (.55 200 0.5 500 I 0.5
183 18.5 180 189.8 189.8 6 I ©.04054 14 5 70 0.65 20 0.5 300 i 0.1
182 5.5 181 il1 114 6 H 0.12909 12 3 70 (.88 10 .5 300 1.5 0.1
181 2 180 2.7 i34 i .98 0.0125 12 5 70 .55 20 0.5 300 1 {.5
180 3 177 2.8 206.4 & 0.79 0.00833 14 5 70 0.55 20 0.5 30 1 (0.5
179 11 178 213 213 & 0.9 0.07545 13 5 ) 0.6 100 0.5 {00 2 0.5
178 2 177 4.3 25.6 [ 0.94 0.0125 13 5 70 0.53 20 0.5 500 | 0.5
177 8 176 108 1247.3 G .98 .00313 16 5 pil 0.35 20 0.5 500 i 0.3
176 9 174 1798 1427.1 6 1 (.00389 i6 4 100 0.53 20 0.3 S00 1 0.5
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Sub Link Length | Next | Link Arca Total Area | Close Rain M Slope close stream | PMPl | PMP2 [ Kv a b tc Sb | Non Lincar
Nurn: {km) (km2) (km2) Sta. gauge
175 23 174 2311 2311 6 ! 0.01565 14 4 100 0.55 26 0.5 300 i 0.5
i74 2] 173 153.9 1812, [ 16 0.99 0.005 16 4 100 0.35 20 0.3 500 1 0.5
173 3 172 56.7 1X68.8 16 .98 0.019 16 4 t00 (.35 20 0.3 S00 ] 0.5
172 11.5 10 89 1957.8 16 0.8 000217 16 4 100 0,33 20 0.5 500 ! 0.5
171 26 168 155.9 155.9 16 0.91 0.02769 17 4 £350 0.5 200 0.3 £000 i 0.9
170 16.5 163 123 123 16 .99 002091 17 4 £50 (.53 20 0.5 300 | 0.5
164 13.5 168 G0.1 213.2 7 .95 000161 17 4 150 .55 20 0.5 300 1 (1.5
168 2.5 166 36.2 405.3 7 0.87 0.01 4 4 £50 0.55 20 0.5 500 1 0.5
167 21 165 34.1 541 7 (.97 (0.0319 4 4 200 {1.55 20 3.5 500 | 0.5
166 9.5 1635 St 456.3 7 0.78 0.00211 4 4 50 (.55 20 0.5 300 | (1.5
163 3.25 935 6 516.3 13 (.31 0.00462 4 4 150 (.55 20 0.5 500 | 0.5
164 20 138 126 126 15 1 0.032 I8 5 150) 0.55 20 0.5 500 I 0.5
163 4 162 4.8 4.8 15 1 0.2025 21 5 150 0.55 20 05 500 1 0.3
162 2.3 161 9.4 14.2 13 1 0.068 21 5 150 0.55 20 0.5 300 i 0.3
161 9.75 160 25.6 39.8 15 1 0.12821 19 5 130 0.8 30 0.3 500 ] 0.3
160 HLS 159 233 64.1 15 I 0.1 1503 13 3 150 0.55 20 0.3 500 i 0.5
159 1 158 0.7 64.8 13 .99 0.08 15 5 156 .35 20 0.5 504 1 {.5
158 7.5 150 26.4 217.1 15 0.99 0.01967 18 4 150 0.55 20 0.5 308 1 1.5
157 7 156 24.6 24.6 { | 012571 20 5 150 (1.2 200 0.5 1000 | 0.9
{56 4.5 153 10.3 34.9 15 | 0.19556 20 5 150 0,55 20 0.5 500 | 0.5
155 6.3 154 13.2 13.2 [ 0.99 0.04215 20 5 158 (.35 20 0.5 500 1 0.3
|54 1.5 153 5 15.2 15 0.93 0.02667 20 5 15¢) (.55 20 0.5 500 | 0.5
133 15 152 33 36.1 s 097 001143 18 3 130 0.55 20 03 500 I 0.3
152 9 151 73.1 129.4 13 0.94 0.004-44 18 5 150 0.53 20 0.3 500 ] 0.5
151 123 130 91.3 22} 15 1 0 17 5 150 0.55 20 0.3 500 i 0.3
150 8 149 281 466.2 15 0.92 0 17 4 150 0.53 20 0.3 500 i 0.3
149 2 148 61.4 517.5 13 0.95 0 4 4 150 0.53 20 03 S00 1 0.5
148 3 145 29.8 5573 15 .86 0 4 4 154} 0.55 20 0.5 S0 1 .5
147 [ 146 614 61.4 20 0.9 0.05167 17 4 150 (.55 20 0.5 500 1 1.5
146 37.5 143 141.7 203.2 26 0.7 0.02667 17 4 150 (.55 20 .5 500 | 1.5
145 35 144 430.9 1191.3 26 .51 0).00279 4 4 150 (.55 20 0.5 500 | 0.5
144 5.5 143 1049.5 1300.8 22 0.53 0.00091 4 4 156 0.55 20 0.3 500 1 0.5
143 10.5 131 234.6 1335.4 39 .56 0.00048 4 4 200 0.55 20 0.3 500 ! 0.3
142 245 141 148.1 148.1 26 0.97 0.01714 20 3 150 0.53 20 0.5 500 I 0.3
141 7 140 106.7 234.7 39 0.9 0.00143 20 5 200 0.55 20 0.3 500 ] 0.3
140 i3 137 129.7 384.5 39 0.84 0.00333 20 4 200 0.55 20 03 500 i 0.5
139 16 138 73.9 73.9 39 0.93 0.025 13 4 250 0.55 20 0.5 500 1 0.5
138 | 137 1.1 75.1 39 {1.31 0.04 18 4 230 (.55 20 0.5 500 ! 0.5
137 17.5 136 $3.2 552.8 39 (.75 0).00229 4 4 250 0.535 20 0.5 S04 | 1.3
136 13.5 132 102.4 055.2 39 (.53 060222 4 4 250 (.55 20 0.5 500 ! 0.5
135 22.5 134 148.1 148, 1 39 (.93 0.03733 18 4 300 0.355 20 0.5 500 | .3
134 4.5 132 8.6 156.7 39 G.5 0.06 18 3 250 (.53 20 0.5 500 ! 0.5
133 16.5 132 83.6 83.6 39 (.52 0.01636 18 3 306 0.53 20 0.5 300 i 0.5
132 16 131 116.4 011.9 39 0.38 0.0005 3 3 250 0.53 20 0.5 300 ] 0.3
131 10 92 1473 2694.6 39 0.5 0.0002 3 4 200 0.55 20 0.5 500 i 05 |
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Sub Link Length | Next{ Link Area Total Area | Close Rain M Slope close stream | PMPE | PMP2 Kv a b tc Sb Non Lingar
Num (km} (km2) {km2} Sta. gauge
130 14 127 39.7 397 9 .94 0.07071 22 3 300 I 100 0.5 3500 1 0.5
129 18 127 443 44.3 9 {).98 £.055 23 3 350 (.82 200 {.3 300 1.2 (.5
128 14 127 52.1 52.1 9 .96 0.00036 23 3 300 (182 OO 0.5 500 i (1.5
127 6 126 254 390 9 0.96 0.165 235 ) 300 .82 100 (1.5 500 ] 0.5
126 8 116 32.1 4222 9 0.97 0.01 23 3 300 0.82 100 0.5 500 1 0.5
125 30.5 124 2i8.9 2189 20 0.98 0.02197 24 4 i50 0.8 100 0.5 500 1.5 0.5
124 10 123 137.2 356.1 20 0.99 0.012 24 4 200 0.8 HO0 .5 500 1.3 0.5
123 4.5 122 152.1 508.3 9 (.98 0.02667 24 4 250 0.8 100 0.5 500 1.5 0.5
132 13.5 119 58 366.2 20 0,99 0.00148 24 3 250 0.8 100 0.5 300 1.5 0.5
12} 225 120 176.3 176.3 20 .97 0.02711 24 4 200 0.8 100 0.5 500 2 0.5
120 5.5 119 151.3 327.6 20 {1.§2 (.15455 24 4 250 (.8 100 0.5 500 2 (.3
119 7.5 118 192.5 1086.3 b .99 (L0686 26 3 250 0.8 141} 0.5 300 2 0.5
118 12.5 117 106.8 1193.2 8 0.82 0,004 26 3 250 0.8 100 0.5 500 2 0.5
117 4 116 46.8 1239.9 15 (.40 0.0125 2 3 200 0.53 20 0.5 500 i 0.5
116 18.5 1{5 103.9 1766 15 .66 0.0027 26 3 300 0.55 20 (3.5 500 1 1.5
113 5 il 65.1 18312 36 .44 {.01 24 2 20 .55 20 0.5 5(10) | 0.5
114 18.5 113 159 139 28 0.85 0.02432 6 4 100 0.75 20 0.5 500 I 0.5
H3 2 112 160.2 319.1 31 0.72 0.0019 6 4 200 0.73 20 0.5 300 ! 0.5
L2 27.5 10 323,35 642.6 3 0.74 G.00218 6 4 150 (.53 20 0.5 500 ! 0.5
111 21 110 23101 2311 31 .53 0.02143 6 4 100 (.55 20 0.5 300 | 0.5
11 5 109 89.7 963.4 k1 0.41 0.004 26 4 150 0,53 20 0.5 500 1 0.3
109 14} 108 124.2 1087.7 3 0.6 0.00035 26 4 200 .55 20 0.5 300 ! 0.5
10 ] 107 118.7 1226.3 31 (.48 0.00130 26 < 200 .55 20 .5 500 1 (.3
107 12 106 227.1 1453.5 31 0.356 0.00167 26 3 204 (.55 20 0.3 SiM} ! 0.5
106 8 103 89.9 15433 28 (.62 0.0023 26 3 250 (.55 20 (1.5 300 i (3.5
103 13 103 1247 1668, 1 28 0.6 (.00G134 26 3 250 .55 20 0.5 S50 | 1.5
104 285 103 162.9 i62.4 28 0.81 0,02456 & 3 300 .55 2{) 0.5 500 ! 0.5
103 l6 102 136.7 1967.6 14 0.77 4.0025 26 3 300 0.55 20 0.5 500 ! 0.3
102 19.5 L P2 2079.3 ) (.62 0.040205 26 2 350 .53 20 .5 SO0 1 0.5
101 12.5 93 154.6 3371.2 16 0.76 0.00072 1 4 150 0.53 20 0.5 300 i 0.5
100 8 99 18 18 i3 ! 0.13875 17 3 200 0.55 20 0.5 300 [ {05
99 2.5 98 S8 23.7 13 .93 0.024 17 4 130 (.55 20 .5 500 ! (1.5
98 16 97 91.8 115.5 13 (.97 0.066063 17 3 20K (.55 20 0.5 SO0 1 0.3
97 4 96 10.1 125.6 13 0.72 6.00375 17 4 150 0.55 20 (.5 500 | 0.5
96 2.5 93 14.1 139.7 i3 (.82 0.006 i7 4 150 0.55 20 0.5 500 | 0.5
95 0.5 94 3316 03388 37 0.6 0.01475 | 4 150 1.53 20 0.5 500 | 0.5
G4 8.5 93 2776 06636.4 30 0.68 {.00059 j 3 200 6.7 20 0.5 300 ! 0.5
93 4 93 254 66618 24 G.3 0.002 1 3 200 0.7 20 0.5 500 1 0.5
92 23 89 2739 9630.3 25 0.45 0.60032 | 3 200) 0.7 20 0.5 500 1 1.5
91 24.5 59 162.2 162.2 36 0.45 (.00737 27 2 350 (.7 20 0.5 500 I 0.5
90 16 89 60.7 60,7 36 (}.42 0.01094 27 2 350 0.7 20) 0.5 S00) | 0.5
89 17 39 2238 13989.8 14 .45 0.00529 8 2 450 0.7 20 0.5 SO0 } (1.5
88 1.5 87 46.1 46.1 36 0.92 (.05304 27 3 350 0.3 100 1.5 SO0 0.3 0.5
87 6 32 75.8 121.8 36 .81 0.01333 27 3 350 0.3 100 .5 300 (.3 0.5
86 16 85 92 92 &) .98 (10813 27 3 400 {.3 100 0.5 S(4) 0.5 (1.5
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Sub Link Length | Next | Link Area Total Area | Close Rain M Slope close stream | PMPL | PMP2 Kv a b tc Sb Non Linear
Num (km) (km2) (km2) Sta. gauge
85 |1.5 82 56.4 148.4 14 0.96 {.04 27 3 400 0.3 100 (1.5 500 0.5 (.5
34 19.5 83 89.8 §9.8 14 (.95 (.05974 28 3 350 0.3 100G .5 500 0.7 0.5
83 4.5 §2 30.5 140.3 14 .91 0.00667 28 3 400 0.3 100 0.5 300 0.5 0.5
82 9.5 77 43.5 434 14 (.68 0.00316 5 2 400 3 100 0.5 500 0.7 .5
81 12.5 78 33.8 33.8 14 .99 0.08 30 3 350 0.25 20 0.5 500 0.8 0.5
B0 17.5 79 66.7 66.7 14 0.96 0.06314 29 3 350 0.32 50 0.5 500 | 0.3
79 3.5 78 13.4 30,1 14 0.93 0.00143 29 3 350 0.32 50 £.5 500 | 0.5
78 4.5 77 32.3 146.2 14 0.74 0.00111 29 2 406 0.32 50 0.5 300 | 0.5
77 6 39 16.2 65163 14 0.51 0.00083 3 2 00 0.7 20 0.5 500 1 0.5
76 13.5 75 93 93 9 0.98 0.02593 22 5 100 1 200 0.3 5040 2 0.5
75 3 74 150.6 243.6 9 (.99 0.02125 25 5 100 1 200 0.5 5040 2 0.5
74 13 72 2259 469.5 9 H 0.00538 25 5 150 | 200 0.3 500 3 0.5
73 25.5 72 116.8 116.8 9 0.99 0.02706 2 3 150 I 200 0.5 500 2 (.5
72 9.5 70 99, | 685.4 9 0.99 0.00842 25 5 150 1 200 0.5 500 2 0.5
71 23.5 70 67 167 9 1 0.02936 22 4 200 1 200 0.5 300 2 0.5
70 17 69 120.8 973.2 9 0,99 0.00353 25 4 200 | 200 0.5 300 2 0.5
04 3.5 68 70.8 1049.9 9 | 0.00571 32 4 250 1 200 1.5 500 2 (.5
68 il 62 160.5 12104 9 0.97 0.00364 33 4 300 | 200 0.3 SO0 2 0.5
67 15.5 66 140.3 140.3 18 0.99 0.05i61 25 5 150 0.8 100 0.5 S00 1 0.3
66 11.5 65 137.5 277.8 18 (.99 {.01304 25 3 150 0.8 100 0.5 500 1 0.5
63 17.5 63 120.4 398.2 18 .96 0.01029 235 5 200 0.8 100 0.5 500 | 0.5
o4 20 63 178.1 178.1 18 0.98 0.0375 25 5 200 0.8 100 .5 500 | 0.5
63 17.5 62 104 6843 18 (.99 100629 135 4 2350 0.8 106 0.5 500 | 0.5
62 7 6l 103.7 1994.3 18 .99 0.00286 32 4 300 0.8 100 (.5 500 1 {.5
Gl 9 it] 68.5 2062.9 [k 0.97 000111 33 4 3(K) 0.8 100 0.5 500 | 0.5
Gt 7 349 1765 22394 18 0.94 0.00143 13 4 300 (.7 100 (1.5 300 1 0.5
39 5 58 1459 23853 18 0.92 0.004 13 4 50 0.7 100 (.5 500 1 0.5
58 8.5 51 2312 2616.5 18 0.9 0.00059 33 4 300 0.7 100 0.5 500 1 0.5
57 13.5 51 50 56 18 0.95 0.06444 29 4 300 0.7 100 0.5 5640 1 {).3
56 17 54 150.8 150.8 18 0.97 0.051 18 29 5 250 57 100 0.5 500 I 0.5
53 22 54 185 1 185.1 18 0.93 0.03273 29 5 250 .7 100 0.5 500 1 1.5
34 13.5 53 68 403.9 18 .99 0.01926 29 4 300 0.7 100 0.5 500 I 0.5
53 4 51 7.2 4411 18 0.92 (.15 29 4 300 0.7 100 0.5 500 I 0.5
52 8 51 40.8 40.8 18 0,382 0.07625 29 4 300 (1.7 100 0.5 500 | 0.5
51 19 49 L2 3263.6 18 0.87 0.00395 29 4 300 0.7 100 0.3 304 ! 0.5
50 19 49 1723 172.3 35 0.9 0,03842 29 4 250 .7 100 0.5 500 | 0.5
49 1.5 48 69.7 3507.5 35 0.7 0.00174 2 4 300 (3.7 100 0.5 300 1 0.5
48 8 47 123.8 3631.3 35 0.68 {.0025 2 4 250 (.7 100 0.5 500 1 0.5
47 4.5 46 106.9 3738.2 35 0.85 000111 2 4 230 0.7 100 0.5 504 | 0.5
46 10 45 97.3 38355 21 071 {.605 2 3 230 0.7 i G0 (.5 500 ! (.5
45 8 44 54.2 1889.7 21 .54 0.00125 2 3 230 0.7 20 0.5 500 | 0.5
44 2 33 6 JRGS5.7 21 0.38 0.0025 2 3 230 0.7 20 0.5 500 1 0.5
43 19 41 160.7 160.7 31 0.72 (.02237 31 4 150 0.7 20 0.5 500 | 0.5
42 16.5 41 1304 130.4 31 (.49 0.0297 31 3 150 0.7 20 . 0.5 300 [ 0.5
41 17 40 101.6 3627 31 0.48 0.003 3l 4 130 0.7 20 0.5 500 1 0.5
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Sub Link Length | Next | Link Area Total Area | Close Rain M Slope close stream | PMPI | PMP2 Kv a b tc Sh Non Linear
Num (km) (km2) {(km2) Sta. gauge

4{) 10.5 34 127.7 520.4 3i 0.34 0.00381 31 3 150 0.7 20 .5 S0 ] 0.5
39 35.3 38 231.5 14837.6 14 0.64 0.0002 7 2 350 (.7 20 0.5 500 | 1.5
3 17.5 37 3103 19043.6 21 (.74 0.007 14 7 2 250 0.7 20 0.5 300 | 0.5
37 13.5 34 106.5 19150.1 1 0.63 0.00148 7 3 200 (.7 20 0.5 500 | 0.5
36 32.5 34 178.5 178.5 33 0.64 0.02613 31 4 200 0.7 20 .3 500 I 0.5
35 24.5 34 2i8.1 2i8.1 28 0.8 0.04286 310 3 200 0.7 20 0.5 500 | 0.5
34 335 31 4115 20478.6 28 (.47 {) 7 3 200 0.7 20 0.5 500 i 0.5
33 28 32 174.5 174.5 31 0.92 (0.0175 3 4 200 0.7 20 0.3 300 | 0.3
32 15 31 162.5 337 31 0.88 4] 31 4 150 0.7 2 0.5 500 I 0.5
31 13 3G 145.6 206613 31 .66 [¢] 7 3 150 0.7 20 0.5 500 I {1.3
30 17.5 25 161.8 214231 31 0.84 0 7 4 150 0.7 20 0.5 507 | 1.5
29 16 28 123.7 123.7 10 (.89 0.02375 31 4 100 0.8 20 0.5 1000 i 0.2
28 13 25 216.6 340.3 10) 0.77 0 31 4 100 0.7 20 0.5 300 1 05
27 30 25 214.3 214.3 31 (.76 G.025 31 4 100 0.7 20 0.5 500 ] (.5
26 27.5 23 134.3 134.3 10 0.93 0.02727 3 4 104) 0.7 20 0.5 500 ! (.5
25 20 24 106.8 21918.8 10 0.79 0 7 4 100 0.7 20 0.5 500 | 0.5
24 6.5 23 158.7 22077.5 10 0.93 0 7 4 70 0.7 20 1.5 500 | 0.3
23 12.5 | (294 22206.8 10 0.9 { 7 4 70 0.7 20 .5 300 | 0.5
22 14 21 109.3 169.3 19 0.9 0.01357 310 4 150 0.4 20 0.5 500 .5 0.3
2] 17.5 20 157.4 266.7 19 (.94 0.00686 31 4 150 0.4 20 0.5 500 0.5 0.5
20 25 19 234 300.7 ) 0.91 00002 3 4 160 0.4 20 0.5 500 0.5 0.5
19 Y 5 93.9 5946 19 1.9 0.00278 34 4 100 0.4 20 0.5 300 0.5 0.5
18 10 15 175.9 775 19 0.97 (1.007 34 4 100 04 20 0.5 500 0.5 0.5
i7 28 15 2193 219.3 19 0.98 (.0325 31 4 100 04 20 1.5 500 0.5 0.3
16 13.5 15 5i.5 515 1 .96 (1.(35452 31 35 70 (.4 20 0.5 500 0.5 .5
15 20.5 id [35.2 1176.5 {10 (.98 0.00834 34 4 100 0.4 20 5 300 0.5 0.5
14 7.5 13 64.2 1244.7 10 0.97 0.00267 34 4 70 0.4 20 0.3 500 (.5 0.5
13 12.5 12 1311 13717 10 (.93 0.0052 34 4 70 6.4 20 0.5 500 0.5 0.5
12 12 11 228.2 1599.9 o 0.94 0.00167 34 3 70 0.4 20 0.5 500 0.5 0.5
11 17 10 166.3 1766.2 10 (.95 000118 34 5 70 0.7 20 {15 300 i 0.5
10 & S 180 1946.2 19 0.96 0.001 34 5 70 0.7 20 0.5 500 | 0.5
9 17.5 8 1951 21453 10 0.97 0.00394 34 5 70 (.7 20 0.5 S00 | (.3
)il 10 7 888 22341 0 0.93 0.002 34 5 70 0.7 20) 0.5 500 [ 0.5
7 10.5 5 175,9 2410.1 3 (.95 0.00143 34 5 70 0.7 20 0.5 500 i 0.5
6 19.5 5 127.7 127.7 3 (.99 (.05231 31 3 70 0.7 ] 0.5 300 | 0.3
5 10,5 3 86.1 26218 1) 0.91 0.00238 34 5 70 0.7 20 0.5 500 | 0.5
4 13.5 2 246.2 2873.1 10 (.85 5 34 5 70 0.7 20 0.5 300 ] 0.5
3 24 2 132.9 132.9 10 (.96 0.05208 31 4 70 0.7 20 4.5 500 | 0.5
2 14 | 156.7 31627 10 (1.9] ¢ 34 5 70 0.7 2{) 0.5 S(4) | 0.5

| 57 0 8325 202021 3 0.71 0.00158 7 5 70 0.7 20 0.5 500 ! 0.5




3197 92 Afvesnagudnniaves 220 Pihdesildhuudines

E4 » 1 14 ¥ H _‘
quiiigey Huh Hii® UTM quides | AR WA UTM
(p3.nu.) X Y (A3.N) X Y
220 80.88 526854 | 2157370 163 5.99 494310 | 2092440
219 59.60 517726 | 2150710 164 12601 | 533972 | 2103530
218 81.20 529564 | 2143850 163 4.83 536657 | 2099510
217 132.99 522254 | 2146900 162 9.38 535748 | 2098380
216 86.79 530338 2134040 161 25.56 536750 | 2096030
215 14.87 525831 | 2132080 160 2431 | 529537 | 2096800
214 100.47 519079 | 2137950 159 0.68 524700 | 2096120
213 28245 521941 | 2126510 158 2635 | 522351 | 2098680
212 159.97 523806 | 2106990 157 24.61 | 537813 | 2087050
211 167.94 520006 | 2115250 156 1033 | 532614 | 2086020
210 95.48 510280 | 2121870 155 13.20 | 531235 | 2083140
209 2041 503698 | 2120850 154 4.96 528501 | 2083880
208 271.13 499369 | 2175250 153 3.26 528212 | 2085370
207 249.21 486534 2177540 152 73.07 530338 | 2085040
206 208.20 390075 | 2162410 151 91.54 | 526925 | 2093490
205 161.71 493404 | 2153710 150 28.07 | 516522 | 2098310
204 202,52 511534 | 2160870 149 61.35 | 512334 | 2101980
203 252.87 501646 | 2147460 148 2075 | 509926 | 2096700
202 130,74 497578 | 2139770 147 61.43 | 523655 | 2067490
201 47.23 486991 | 2136020 146 141,72 | 525702 | 2075440
200 4.61 493371 2136920 145 430,93 513668 2080430
199 108.80 499979 | 2133460 144 10946 | 513090 | 2064760
198 39.23 504070 | 2127230 143 23462 | 513023 | 2056030
197 5297 496074 | 2128860 142 14807 | 532831 | 2069200
196 32.60 500024 | 2123150 141 106.66 | 530278 | 2056210
195 107.67 506934 | 2112530 140 12073 | 525394 | 2047240
194 56.59 495498 | 2121740 139 73.93 | 513500 | 2031490
193 46.69 500302 | 2110560 138 1.14 508707 | 2037290
192 181.15 473752 | 2177830 137 9322 | 516325 | 2038710
191 36.14 472788 | 2170570 136 102.44 | 505872 | 2038500
190 26.11 464749 2172680 135 148.08 506003 2026330
189 59.14 462135 | 2178230 134 8.57 499093 | 2033660
188 236.47 456003 | 2170320 133 83.63 | 496142 | 2028110
187 202.86 467773 | 2161680 132 11642 | 497134 | 2042640
186 68.68 465508 | 2154630 131 14731 | 507694 | 2048220
185 32.09 462657 2147610 130 39.66 454259 2065770
184 64.63 467051 | 2150080 129 44.33 | 458876 | 2057760
183 189.81 479113 | 2150580 128 5205 | 467617 | 2067350
182 11.06 475582 2142590 127 254,00 454579 1 2066210
181 272 472259 | 2142460 126 32.13 | 469555 | 2059880
180 2.84 471329 | 2143260 125 218.93 | 450467 | 2101140
179 2131 462812 | 2144850 124 13721 | 453391 | 2092730
178 4.28 467943 2142390 123 152.11 457324 2080610
177 108.02 469468 | 2141890 122 5795 | 464361 | 2083720
176 179.82 468116 | 2133880 121 17630 | 472247 | 2094740
175 231.05 465339 | 2123860 120 151,34 | 467206 | 2091120 }
174 153.88 478204 2127200 119 192.48 473920 | 2075530
173 56.74 486961 2127650 118 106.83 477558 2065600
172 88.97 490623 | 2118490 17 46.78 | 485666 | 2059930
171 155.92 480977 | 2112250 116 103.93 | 477594 | 2057120
170 123.04 468538 | 2110680 115 6512 | 479910 | 2051090
169 90,14 478810 | 2104450 114 158.97 | 503122 | 2000970
168 36.20 484532 | 2100780 113 160.17 | 506118 | 1985580
167 54.06 483913 | 2095050 112 32349 | 506334 | 1969730
166 50.08 480441 | 2097740 111 231.11 | 496808 | 1956230




M3 -2 Wiavesaguinaised 220 gushdeald lunvniass (Ae)

augen A WAR UTM quihdey | Wun W@ UTM 1
GERLYE) X Y (919.015) X Y
110 89.67 491711 1968520 55 185.13 | 410760 | 2026130
109 124.24 493587 | 1977300 54 68.00 414489 | 2034220
108 138.69 491498 1985270 53 1718 419582 | 2030590
107 227.13 488116 . | 1994960 52 20.76 429085 | 2029350
106 89,87 +_@5957 2003170 51 111.15 | 423752 | 2033100
105 124.71 487611 2009460 50 17225 | 425086 | 2014520
104 | 162.85 495856 | 2016040 49 69.72 427830 | 2022590
103 136.65 481913 2018350 48 12378 | 436492 | 2018840
102 111.98 477259 2029070 47 10691 | 440456 | 2011220
101 154.64 494369 | 2108990 a6 97.30 447805 | 2016350
100 17.95 487996 | 2085340 45 54.19 453977 20122101
99 5.77 489400 | 2088850 44 6.00 460093 | 2011970
98 91.76 483158 | 2089010 43 160.71 | 482517 | 1961960
97 10.14 493178 | 2089970 42 13036 | 480529 | 1986020
96 14.05 492962 | 2087470 a1 101.64 | 475238 | 1971020
95 331.56 500661 2092420 40 127.66 | 472045 | 1982060
94 277.56 491190 | 2075400 39 231.52 | 464699 | 2026120
23 25.43 495176 2068400 38 31025 | 462684 | 2016710
92 273.93 494163 2058380 37 106.53 | 460129 | 2006110
91 162.22 488538 2033060 36 178.50 | 442917 | 2000110
90 60.74 476106 2047670 35 21814 | 472540 | 1998540
89 225.80 478784 2039670 34 411.47 | 456436 | 1993170
8 46.06 466343 | 2055230 33 174.51 | 441422 | 1986280
87 75.73 464412 | 2050460 32 162.53 | 450753 | 1974930
86 92.00 450756 2050780 31 14561 | 460509 | 1976440
85 56.36 459384 | 2048120 30 161.80 | 467555 | 1963160
84 89.82 451703 2039420 29 123.74 | 483346 | 1940400
83 50.50 457172 | 2042570 28 21658 | 477871 | 1949360
82 43.50 463919 2041820 27 21430 | 455644 | 1959800
81 33.77 450744 2034590 26 13432 | 455797 | 1948050
30 66.67 451370 2031120 25 10681 | 467929 | 1951300
79 1338 459271 2031810 24 158.66 | 463187 | 1939270
I~ 78 32.34 461606 2033760 23 12936 | 464704 | 1931960
77 16.19 465119 2035190 22 109.34 | 431251 | 1986120
76 93.00 426865 2113450 | 21 157.37 | 435817 | 1974960
75 150.62 427580 | 2105450 20 23402 | 424453 | 1967950
74 225.91 422417 2097480 19 93.86 433094 | 1962390
|73 116.77 437063 2093520 18 175.92 4425?&j 1960290
72 99.09 423516 2088750 17 21934 | 420250 | 1949400
71 16699 443704 2083760 16 51.45 431377 | 1941070
70 120.81 430703 | 2079740 15 135.15 | 443758 | 1948350
69 76.75 439389 _| 2075380 14 64.20 242942 | 1939820
63 160.48 239479 | 2068140 13| 13106 | 439022 | 1935140
67 140.29 408888 2083220 12 22822 | 436799 | 1926350
66 137.50 418305 2081990 11 166.26 | 440522 | 1918420
65 120.41 421834 2072250 10 180.02 | 442891 | 1910630
64 | 17808 412518 [ 2066350 9 199.13 | 450861 | 1903330
63 103.99 425116 2063020 ) 88.80 458126 | 1893740
62 103.65 440038 2059370 7 17592 | 471007 | 1889500
61 68.52 431586 | 2055610 6 12768 | 475618 | 1896070
60 176.53 427899 | 2051930 3 86.10 464932 | 1902370
59 145.90 437606 | 2046150 a 24923 | 467811 | 1910230
58 231.24 437403 2035110 | 3 13293 | 454309 | 1929390
57 56.04 423322 | 2042460 2 156,73 | 461268 | 1920140
56 150.77 411834 | 2042810 1 832.54 | 484974 | 1917380




A15190 -3 AHQVBIR NN outlet VB4 220 grhigpaniylumuudiass

¥ ¥
quiiday #in UTM guidey WA UTM
X Y X Y
220 522390 2150728 165 496117 2092119
219 516306 2144743 164 525658 2097136
218 519712 2140643 163 535412 2099140
217 519249 2140841 162 533671 2097563
216 519261 2134610 161 533211 2097793
215 519790 2132325 160 524936 2096020
214 519578 2132537 159 524410 2096545
213 516150 2123013 158 519057 2099172
212 518985 2109658 157 534032 2085938
211 516531 2123118 156 529960 2085150
210 505060 2119775 155 528647 2083803
209 501356 2117743 154 527694 2085051
208 495156 2163810 153 527727 2086102
207 495072 2163640 152 524706 2091357
206 497273 2154603 151 518105 2097990
205 500193 2146667 150 514295 2094641
204 505992 2154667 149 512686 2094476
203 496998 2140043 148 512785 2092473
202 495580 2136678 147 519287 2071028
201 492723 2136403 146 508811 2067186
200 495474 2136614 145 508286 2067088
199 496723 2131979 144 506775 2062424
198 497379 2126096 143 500995 2053984
197 497146 2124593 142 530321 2059469
196 500828 2117334 141 527251 2053578
193 499749 2114075 140 518753 2042864
104 499389 2114625 139 508852 2037150
193 494458 2112086 138 509369 2037839
192 464996 2173176 137 508409 2038184
191 464975 2173007 136 497251 2036632
190 461779 2171483 135 500897 2033086
189 461483 2171504 134 497227 2036140
188 460552 2162425 133 496315 2036534
187 464510 2157452 132 493778 2049686
186 466711 2152457 131 493360 2050179
185 469060 2148563 130 461165 2063950
184 471176 2146468 129 464662 2063063
183 472319 2143907 128 466781 2062792
182 472742 2142743 127 466854 2062546
181 470880 2142870 126 472864 2058507
180 470097 2142298 125 455321 2095455
179 467853 2143060 124 457861 2088528
178 469271 2141367 123 461325 2086142
177 469144 2139484 122 470699 2078309
176 469961 2131901 121 471610 2084344
175 469826 2131731 120 471511 2078507
174 486299 2124203 119 481019 2067965
173 489647 2121610 118 484220 2057866
172 494343 2112152 117 485427 2054073
171 487086 2103778 116 485230 2049960
170 474869 2108868 115 484418 2045748
169 487611 2102727 114 503777 1994190
168 488564 2100165 113 509072 1977909
167 492734 2093499 112 495624 1967638
166 493672 2092791 111 495205 1967392




AT -3 WHNVDIM KU outlet Yo 3 220 guhsoalEhuuwvsiaes (o)

qniey #ie UTM quiiwey #iin UTM
X Y X Y
110 493333 1970939 55 417107 2028818
109 490624 1980126 54 418658 2028571
108 487343 1989116 53 421959 2028990
107 489688 1998426 52 427082 2025468
106 489023 2005815 51 427205 2024754
105 483999 2011948 50 427550 2021601
104 483703 2016086 49 433264 2021576
103 480575 2023500 43 439668 2016872
102 468679 2037761 47 443559 2014951
101 495555 2103033 46 433215 2015862
100 491072 2088822 45 459200 2012586
99 490875 2090693 44 460973 2011109
98 491861 2091038 43 478682 1967661
97 494964 2089339 42 475283 1976405
96 497033 2088846 41 471983 1976085
95 500481 2077270 40 465702 1981651
94 498585 2069807 39 462779 2022435
93 498363 2065645 38 460883 2009948
92 486861 2046901 37 458149 2003371
91 480802 2041605 36 456523 1994061
90 479447 2041507 35 464380 1990539
89 468240 2037197 34 461548 1982682
%8 468782 2050374 33 447164 1978150
87 465408 2044783 32 458814 1977510
86 457206 2050103 31 465316 1971352
85 465014 2044807 30 472976 1956919
R4 460457 2040078 29 479577 1944702
83 463684 2039192 28 473297 1955983
82 465358 2036556 27 465119 1950392
81 457428 2034955 26 466868 1944407
80 459176 2033601 25 467804 1942880
79 461713 2034463 24 467853 1936574
78 465654 2033207 23 467181 1926548
77 466245 2031162 2 435067 1982009
76 426220 2107708 21 431982 1967714
75 424619 2100516 20 433425 1966471
74 428313 2090664 19 43662] 1960855
73 429249 2089654 18 440239 1954751
72 429397 2082462 17 438361 1941789
71 434791 2076108 16 438304 1941675
70 432304 2073029 15 438716 1941306
69 433239 2070443 14 437012 1937833
68 434372 2062019 13 441845 1931256
67 413831 2082364 12 443472 1922580
66 420432 2075960 11 447314 1915814
63 428806 2066108 10 446772 1909708
64 421343 2067192 9 455099 1897064
63 432476 2060837 8 463276 1893047
62 432501 2058423 7 466909 1899227
61 431959 2051231 6 467007 1899268
60 432501 2045591 5 468594 1906195
59 433880 2041256 4 465644 1915746
58 429668 2036823 3 464801 1923804
57 427895 2037167 2 467359 1926530
56 412328 2038596 1 497039 1906400




M990 9-4 szAvvesRwmad azeen 220 gnhdesnlyluuuudions

14

I r ¥ . ' '
duhdes | Aarwuraduveniui Aun seAvRdumdadn | szAvidumisoon
(173) GERT 3NN (1.500)
220 42179.840 80.88 1680 500
219 46171.117 59.60 500 440
218 42010.373 81.20 1677 460
217 74339.902 132.99 440 420
216 49320.007 §9.79 1465 440
215 24032.316 14.87 1200 400
214 77687.952 100.47 420 400
213 86904.261 282,43 400 380
212 75748.577 159.97 844 440
211 64867.733 167.94 440 380
210 44708.08] 95.48 380 380
209 23643.982 20.41 380 360
208 104246.707 271.13 980 450
207 87266.485 24921 1300 450
206 79937.061 208.20 450 410
205 75526.151 161.71 410 390
204 146974 989 202.52 390 370
203 146974.980 252.87 390 370
202 80616.645 130.74 370 360
201 29358.449 47.23 1600 440
200 80616.645 4.61 370 360
199 59214.005 108.80 360 350
198 26365620 39.23 1390 415
197 44683.825 52.97 350 346
196 55820233 32.60 346 345
195 57238.949 107.67 345 340
194 39260.046 56.59 340 335
193 39260.046 46.69 340 335
192 66145.595 181.15 1390 300
191 36871.827 36.14 1600 770
190 29711.246 26.11 800 750
189 45978.030 59.14 1600 750
188 88050.911 23647 750 715
187 78488.428 202.86 715 710
186 42258.673 68.68 710 709
185 32334.221 32.09 1600 635
184 52703.316 04.63 709 620
183 75628.241 189.81 1400 650
182 14654.6535 11.06 1400 690
181 90250999 2.72 620 595
180 90250.999 2.84 620 595
179 26439.143 21.31 1500 670
178 90250.999 4.28 620 595
177 90250.999 108.02 620 595
176 87991.364 179.82 595 560
175 74265.103 231.05 1000 640
174 50588.590 153.88 560 455
173 39322.671 56.74 455 360
172 51008.289 88.97 360 335
171 48311.150 155.92 1100 380
170 57608.228 123.04 1000 655
169 69690.237 90.14 380 355
§68 38563.677 36.20 355 330
167 38057.882 54.06 1000 330
166 36673.303 50.98 330 310
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d' o ' ?; 1 " o 1
AN 9-4 szAVVRIm MmN Dz een 220 gusheesdiltlunuudines (e)

quien | pameruduseudiuf AL sEAURGMBUAA | sedufdumisenn
(Lu$T) (A3.P1,) (1.3%0) (1.3%10)
165 96870.009 5.99 310 295
164 61720437 126.01 1100 460
163 9200.651 483 1800 990
162 16672.026 9,38 990 820
161 47206.266 25.56 1700 450 T
160 47206.266 2431 1700 450
159 24971.639 0.68 460 380
158 24971 .639 26.35 460 380
157 32104.735 24 .61 1460 380
136 32104735 10.33 1460 580
155 17169.228 13.20 814 540
154 16120.055 4.96 540 500
153 16120.055 3.26 540 500
152 49586.600 | 73.07 500 460
151 79219.186 91.54 380 380
150 79219.186 28.07 380 380
149 61625.778 61.35 380 380
148 61625778 29.75 380 380
147 19311 708 61.43 1000 3380
146 58034.828 141.72 1440 440
145 92774.697 430.93 380 285
144 54331.496 109.46 205 290
143 83219.772 234.62 290 285
142 65610.636 148.07 880 460
141 54433.050 106.66 460 450
140 57186.269 129.73 450 400
139 43225341 73.93 780 380
138 52828 661 1.14 400 360
137 52828.661 93.22 400 360
136 60858.168 102.44 360 330
135 57197.168 148.08 1190 350
134 51685.252 8.57 600 330
133 51685.252 83.63 600 330
132 74606.092 116.42 285 277
131 58429,749 14731 285 283
130 91611.259 39.66 1400 410
129 91611.259 44 33 1400 410
128 37499 691 52.05 410 403
127 91611.259 254.00 1400 410
126 23632.983 32.13 405 325
125 82087.713 218.93 1400 730 ]
124 71551.210 137.21 730 610
123 63912.802 152.11 510 490
122 46153.079 37.95 490 470
121 65761.327 176.30 1100 490
120 84997 977 15134 1300 450
119 75888.617 192.48 450 330
118 85250.554 106.83 330 280
117 85250.554 46.78 330 280
116 85250.554 103.93 330 280 |
115 85250.554 65.12 330 280
114 71183.053 | 15897 1000 550
113 71497.020 160.17 550 510
112 100363.162 323.49 510 450
111 72340.387 231.11 900 450




M3190 w-4 szduvesiumiaduazeen 220 guihdesiliunuudiana (Ae)

quiles | armernduveuiiui AuA rAvidmvdad | szduiidumitesn
(1ume) {(M73.03.) {u.31n) (1.300)
110 53087.875 89.07 450 430
109 55528367 124.24 430 425
108 53090.815 138.69 425 410
107 84643.877 227.13 410 390
106 52732918 89.87 390 370
105 52014.129 124.71 370 350
104 57311.699 162.85 1100 400
103 63824.958 136.65 350 310
102 58502.611 111.98 310 270
101 86453.658 154,64 319 310
100 20520.322 17.95 1500 390
99 13785.02% 577 390 330
o8 47323127 91.76 1300 330
97 96870.009 10.14 310 295
96 96870.009 14.05 310 295
95 20458.379 331.56 800 350
94 39398.746 277.56 295 290
93 74606.092 25.43 285 277
92 74606.092 2773.93 285 277
91 70671.265 162.22 500 290
90 35952.562 60.74 460 285
89 18417.791 225.80 360 270
88 33698.874 46.06 1000 390
87 54970.885 75.75 390 310
86 48151.601 92.00 2500 770
85 42134.684 56.36 70 310
84 43511.061 89.82 1500 335
83 53122.960 50.50 310 280
82 53122.900 43.50 310 280
81 31055.804 33.77 1600 600
80 46507.026 66.67 1500 395
79 40080.019 13.38 280 275
78 40080.019 32.34 280 275
77 40080.019 16.19 280 275
76 48019.232 93.00 1300 950
75 60683.714 150.62 950 780
74 75147.248 22591 780 710
73 74830.770 116.77 1400 710
72 61432312 99.09 710 630
71 59763.151 166.99 1400 710
70 75420.360 120.81 630 370
69 58073.726 76.75 570 550
68 58810.580 160.48 550 510
67 54344.096 140.29 1700 900
66 59740.179 137.50 900 750
65 55034.709 120.41 750 570
64 62698.570 178.08 1400 650
63 70274.664 103.99 650 540
62 65932.058 103.65 510 490
61 49389.135 68.52 490 480
60 88844.504 176.53 480 470
59 76376.720 145.90 470 450
58 77593.154 231.24 450 445
57 31349.527 56.04 1400 530
56 64003.082 150.77 1600 730
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AN B-4 STAUIR R BT I

oo 220 unidesilslunuuiiasa (o)

auhigey | anwoduvsuiiug AUH sgavfdumiut | szdufidumean
(ung) {n3.naL) (. 3%n) (3.510)
55 49641533 185.13 1300 580
54 782975077 68.00 730 470
53 31998.584 37.18 470 410
52 28112349 40.76 1000 390
51 63617.446 11115 445 370
50 58324.656 17225 1100 370
49 62575.699 69.72 370 350
48 65638.522 123.78 350 330
47 53821.989 106.91 330 325 .
46 46271.213 97.30 325 275 ]
45 38078.787 54.19 275 265
44 10336.929 6.00 265 260
43 74492 337 160.71 800 375
42 57642275 130,36 800 310
41 51303.929 101.64 375 290
40 51375.218 127.66 290 250
39 83946.468 231.52 275 270
38 142293 488 310.25 270 250
37 142293.488 106.53 270 250
36 83807.984 178.50 1100 250
35 67410.955 218.14 1300 250
34 145536.634 41147 250 250
33 78103.647 174,51 1100 610
32 90598.369 162.53 250 250
31 90598 369 14561 250 250
30 57105.704 161.80 250 250
29 53751.986 123.74 700 320
28 94551.427 216.58 250 250
27 76163.354 214.30 1000 250
26 70080054 134,32 1000 250
25 04551.477 106.81 250 250
24 65535.872 158.66 250 250
23 60228.952 129.36 250 250
22 47994 004 10934 1100 910
21 71276.291 157.37 910 790
20 25639.985 234.02 790 785
19 48924.137 93.86 785 760
18 69192.310 175,92 760 690
17 60769.745 219.34 1500 590
16 18168.913 51.45 1400 555
15 $2056.790 135.15 690 515
14 46034.665 64,20 515 495
13 69694.934 131.06 495 430
12 81915.252 228.22 430 410
11 71251277 166.26 410 390
10 76341.492 180.02 390 379
9 62809.632 199.13 379 310
8 44001.680 88.80 310 290
7 71785.763 175.92 290 ] 275
6 54805.228 127.68 1300 280
5 43527.168 86.10 275 250
4 $5625.343 24923 250 250
3 66587.841 132.93 1500 250
2 62379430 156.73 250 - 250
1 145802.881 §32.54 250 160
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4 Iy [ ] a
M3190 %- 5 M5 MesNYsranNmMA 190 sterage-discharge curves §1M5D runoff routing model

Site Subcatchment |  Catchment Main Compound
ltern | number Site name number arca channel channel
(km) m k m k
1 P.L | Azwiuusdy ouileq 95 6,350 0.43 | 395370 | Lo8 | 12319
2 | P14 | urdseurads e.86q 46 3,836 0.68 | 36997 | 072 28.567
3| P19A | Thuvienal e.aouned 89 14,023 1060 | 54712 | 100} 4747
4 | p20 | Thulosnn e.itmea1n 203 1,345 0.64 | 108,400 | 0.85 36,666ﬁJ
5 1 p21 | Drunisuld ey 166 452 0.69 | 34,076 | 0921 14,898
6 | P24A | arzwudszngiie 0. 9eume9 82 452 0.38 | 81,747 | 096 | 15941
7 | paz | dmusivulwi 113 318 0.73 | 89,576 | 0.79 ] 73,943
§ | PE2 | thunediiue.oon 38 18932 | 0.68 | 103,700 | 1.10 | 111,720
o | 060201 | viuminusAtnaminmg 201 47 0.74 | 8521 | 067 15053 -
10 | 060202 | vhusilmRldutaousiae 204 203 0.74 | 14,718 | 0.67 | 26,000
t1 | 060301 ﬁmajé”ﬂﬁﬁmﬁum 220 81 0,72 | 21,706 | 0.81 | 15,456
12 | 060402 | Hoethuiithueadaotin 182 12 071 | 3,042 |085| 1776
13 | 060403 | HaoutumaRldrhuuiunay 179 20 0.71 | 2,109 [079| 1,107
(4 | 060404 | tiuninpsmiieauetig 183 194 0.67 | 9400 [074| 6432
15 | 060405 | Waovineoziumiloaudiui 185 34 070 | 9827 1086| 5,768
16 | 060406 | susiumsiimiletimiduiin 184 835 0.70 | 16,960 | 0.86 | 9,709
17 | 060603 | viuniufitmmasn 171 169 070 | 43648 | 107 | 31,674
18 | 060701 | thusmamdidnumnom 160 53 0.68 | 20838 |069| 27,165
19 | 060702 | Waomdaeuitmidisaunivinnhana 161 38 0.72 | 6953 1075 6328
20 | 060703 | iwianedtnaiudionaun 157 24 070 | 7500 |122] 478
21 | 060704 | Haonzindvsiithuduionha 163 5 0.67 | 458 | 083 186
22 | 060804 | vhuiasendituniasfonmite 130 35 074 | 806 |067| 1,601
23 | 060805 | viwwihoitmiletuiauTis 129 41 076 | 1,174 | 067 3,431
24 | 060806 | v mimiloauuiiads 122 548 0.71 | 20,139 | 077 | 13,837
25 | 060807 AR ot 127 343 073 | 5771 |069| 9,034
26 | 060808 | nmivmithudles 118 1,170 0.43 | 73,817 | 096 8,540
27 | 061001 | vinsinaithuaumin 86 92 071 | 22,104 | 1.15| 1,785
28 | 061002 | shuivefitnaiade R4 90 0.70 | 26,653 | 0.71 | 25,888
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. iy o . .
MM U 5 WISHIRBINY52IUA19IN storage-discharge curves d1131 runoff routing model (A0)

] |
Site Subcatchment | Catchment Main Compound

ltem | number Site name nurmber area channel channel

(km’) m k m W k
29 | 061003 | ¥aoumideRithumania 80 63 069 | 24217 | 074 | 18,861
10 | 061005 | Fonuudemiteeuudude 81 33 0.70 | 20,388 | 0.83 | 12,421
r—;l 061101 ﬂymajﬁ’aﬁﬁwuf’{mia 29 84 0.72 | 7,0m 073 | 6506
32 | 061201 | shumiusuiitnavita 68 1,270 0.72 | 20,310 | 082 | 12,019
33 | 061302 | shumlasuitunesn | 61 1,950 0.65 ] 21,373 | 080 | 7,838
34 | oetsot | duaiiuithuim 12 1,470 074 ] 4011 | 076] 3,318
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8i-flo

1 (¥ iy | = ¢ a s T
13197 ¥-6 ANHULNIIFAYVI TS MIFNAUVY Floodplain s ssitnesdwmivlizanam Rating

T S, e o e PSR D P
508 S A S s s fit o ) 3 = & ; ¢k i

i fagwuuady asilas P 6350

2 [uAiBauNals 9,800 P.14 3,836 8 0.45 9 9 90 to

3 |iuvienas e.aoumas P.A9A T 14,023 8 0.3 3 8 20 80 F 9 12 50 56
4 (Tmdivian aduimn P20 1.345 % 8 15 45 55
5 MhuFuld ey P21 452 10 10 13 20 80
6 fezmiulizeghn p.aunea P.24A 452 8 0.3 8 8 20 80 10 & 15 70 0
7 mwiueulu p.42 38 6 0.4 8 8 30 70

8 [fhuneinu 0.89a PEZ | 18932 8 03 & 8 80 20

o [sunimesithuninge 060201 47 12 0.3 12 12 100 0

10 |unihu\dauiaomie ost202] 203 5 02 5 5 30 7

it os0301{ 81 8 0.3 8 8 20 80

12 [ethudthmeafasihu 060402 12 12 05 12 12 190 o

13 [houirman@ g way 050403] 20 2 0.5 12 12 100 o

14 liwwnasdiloaudaotou 060404] 194 12 ns 12 12 190 s

15 |#utueerfimilaaudion 060405 34 12 0.5 12 ooz 100 0

16 [husimadimietnduihdn 060406] 835 12 0.5 12 12 100 0

17 [susEuddmman 060603 169 5 0.3 5 5 70 30

1§ [rusimrdin 060701 53 i) 0.4 12 12 75 23 10 to 12 44 50
19 [Hmwreuiiululisaniviulanan | oso7o2 38 8 0.4 4 % 100 0
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Station : 061501
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Station : PE.2 Subcat. : 38 A = 19,044 km’

(a} Annual water yield

(b) Intra-annual water yield
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Station : P.14 Subcat.: 46 A = 3,836 km®

(@) Annual water yield

(b} Intra-annual water yield
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Station : 061302 Subcat. : 61 A = 2,063 km®

(a) Annual water yield (b) Intra-annual water yield
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Station : 061201 Subcat.: 68 A = 1,210 km?

(@) Annual water yield {(b) Intra-annual water yield
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Station : 061003 Subcat. : 80 A = 67 km?
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Station : 061005 Subcat.: 81 A =34 km’
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Station : P.24A Subcat. : 82 A =454 km”

(a) Annual water yield

(b} Intra-annual water yield
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Station : 061002 Subcat. : 84 A =90 km*
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Station : P.1 Subcat. : 95 A = 6.359 km*

{a) Annual water yield

(b} Intra-annual water yield
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Station : P.42 Subcat.: 113 A =319 km’

(a) Annual water yield (b} Intra-annual water yield
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Station : 060808 Subcat. : 118 A = 1,193 km®

(ay Annual water yield (b} Intra-annual water yield
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Station : 060806 Subecat.: 122 A = 566 km?

(a) Annual water yield {b) Intra-annual water yield
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Station : 060807 Subcat. : 127 A = 390 km”

(8} Annual water yield {b) Intra-annuatl water yield
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Station : 060805 Subeat. : 129 A = 44 km?

(@) Annual water yield (b) Intra-annuat water yield
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Station : 060804 Subcat. : 130 A = 40 km’

{a) Annual water yield (b) Intra-annual water yield

0.4 . ro—y 042 . : —
RZ = 0.95535
0.35 R2 = 094651
a 0.1 &=040866
0.3 £ = D.B0494 . <
& Fow g
g W o 0.08
£0.25 - c
[ B o
[ : 4
s EY =
@ : -
0.2 s
E :.,** &) 0.08
o g >
— o
g 015 *.“"tf: %
c ) 20.04
g . S
< e
gt T
et &
w“‘ E
0051 x
e
L 4 N i i L i 1 J
18511 133 2 4 10 20

Retumn Period (years)

{c) Flow duration curve

102 T T T T T 3 T . T T
3 : i

Observed data

10 Sim-D1: Muitiple buc.

PRI

Discharge (mm/day)
a

—
a,
L
-

R?=0.9248
E = 089507

18 ], 1 1 | H . . L I L |
03 1 5 10 26 50 75 90 95 99 997

Percemage of tme How equalied or exceeded

Y = o ] : 1 o : a
339 %17 msnBoufsusams asozmsdinmiyinmmmhaesaugave nivniu
¥

1 £y ¥
guiiidesi 130 uaz aoiiiaiin 060804 (2) Misuils Tvesmisliinviisedl

3 3’ ] 1 LY
) pauls Wvesms Idihmmeludl © nswranar-dnsinis lna

¥-37



Station : 060703 Subcat. : 157 A =25 km®

(a) Annual water yield (b) Intra-annual water yield
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Station : 060702 Subcat. : 161 A = 40 km?

Discharge (mm/day)

{a) Annhual water yield (b) Intra-annual water yield
14 - - v 02— - T . .
2_
* 01g| R =090t
124 R?= 093011 1 E =034237
E = (.34237
o 1 *
=
2 «*
% >
08¢ L N
g R
506 o ;
® 1 ¥
=
e
<04t o * 1
02t 1
*
Y 4 X kY 5 D (Y 4 1, ; 1
148511 133 2 4 10 20 2 4 6 8 10 12
Return Period (years) Month
2 {c) Flow duration curve
'1 0 T T T T T T T 3 T T 3 T
[ * ]
1 Observed data
101 i IR - Bim-D1: Multiple buc. 4
L
0 2
10k R*=0.96212 -
£ = 0.9564 G
10" 1 L S 1 I —d E 1

03 1 S 10 25 50 75 80 95 99 987
Percentage of tirne flow equalted ot excesded

] ¥ ¥
311 3-19 manfTouneuwamsiauaymsdnnaivhnnuuuitee taunavesiiseiu
¥

' s »
quihdes®t 161 uaz anilimim1 060702 (a) maus ldvesns diimsedl

i
() msuls WdveamsIdihmnieludl © nsmlgranar-dasins v

¥-39



Station : 060603 Subcat. : 171 A = 156 km”

{a) Annual water yield {b) Intra-annual water vield

0.5 r——T 012 —— v '
R? = 0.83263
0.45 R? = 0.72431 E
04 € < 055633 o o 011 E=076944
' o ek E
o **' f
— 0.35¢r * c
] o w 0.08
c * c
S 03t S
& . =
2025t 1 a 00
-
@] . 2
] 0.2 2 * "E
= . 0.0
Zo01st RIS ] £
A [ e
8
0.1
=00
0.054 4
0 gt " i 1 n L J O i L 1 i 2
10511 133 2 4 10 20 4 4 8 8 10 12
Retum Period (years) Month
2 {c) Flow duration curve
10 r T 1 T T T T T T T T
- »
Qoserved data
1 01 ----------------- Sim-D1: Muttiple buc.

TEYT

-
Q

Discharge (mm/day)
o

-1
107 ¢ R2=0,97255
: E=oero34
10-2L 1 1 € | ! L 1 I ! i L
03 1 5 10 25 50 75 9095 99 997

Percentage of time flow equalled or exceeded

¥ [y

511 w-20 manBoufsunamsiaagnadnenivinnuuuiinesrugaveis iy
1 3 L ] Qr f 1 3 3 1 -1
Auigosit 171 uay @01 iaim 060603 (a) Mstts Taveams 1drimis il

q

¥
o) msutls 1dveants Ihimiineludl ) nsmsasa-dasins Ina

%-40



Station : 060403 Subcat. : 179 A =21 km®

(a) Annual water vield (b) Intra-annual water yleld
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Station : 060402 Subcat.: 182 A =11 km?

{a) Annual water yield (b) Intra-annual water yield
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Station : 060404 Subcat. : 183 A = 190 km”

(&) Annual water vield

(b) Intra-annual water yield
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Station : 060406 Subcat. : 184 A =907 km?’

{a)} Annual water yield

(b} Intra-annual water yield
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Station : 060405 Subcat. : 185 A =32 km?

{a)} Annual water yield ((2)] !ntra annual water yleld
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Station : 060201 Subcat.

201 A = 47 km?

(a) Annual water yield (b} Intra-annual water yield
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Station : P.20 Subcat. : 203 A = 1,346 km’

{a) Annual water yisld (b} Intra-annual water yield
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Station : 060202 Subcat. : 204 A =202 km”

(@) Annual water yield

(b} intra-annual water yield
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44 0.07 2.81 14.38 3556 4717 0.00 0.00 6.00
45 7.39 48.40 1.33 5.54 37.34 0.00 0.00 54.19
46 3.83 7042 0.17 (.54 25.03 0.00 0.60 97.30
47 2.07 83.68 0.24 0.89 13.12 0.06 .00 166.91
48 6.14 67.48 g.11 0.48 25.79 0.00 0.00 123.78
49 6.25 69.61 0.08 0.55 23.50 0.00 0.00 69.72
50 1.15 8998 011 0.14 8.62 0.00 0.01 172.25
5t (.89 86.23 0.27 .27 12.34 040 0.00 111.15
52 375 8213 0.00 .15 1397 0.00 .04 40.76
53 0.50 91.84 .26 051 088 0.0] 0.00 37.18
54 0.00 98.00 0.14 0.57 1.29 0.04) 000 68.00
55 0.01 93.93 3.04 0.90 2.11 0.00 0.01 185.13
56 0.00 96.32 .14 0.8 1.7] .00 0.01 150,77
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hasin erop forest rick tree urban water | unclassifiec| total Area
%) (%) (%) (%) (%) (%o} (%) {sg.km)
57 0.10 9431 0.49 0.44 4.66 0.00 (.00 56.04
58 2.01 89.58 055 0.41 7.45 0.00 0.00 231.24
59 0.19 §1.08 4.34 0.69 3.64 0.06 0.00 145,90
60 0.16 92.73 3.24 0.87 3.00 0.00 0.00 176.53
61 0.25 96.63 0.04 0.11 297 0.00 0.00 68.52
62 0.035 98.53 0.24 .06 .12 0.00 0.00 103.65
63 6.04 98.41 0.20 0.24 1.i0 .00 0.00 103,99
64 0.01 97.45 0.89 0.56 1.08 0.00 0.00 178.08
65 0.23 96.03 0.43 0.04 325 0.02 0.00 120.41
06 0.00 98.83 0.12 0.26 (.80 4.00 0.00 137.50
67 0.00 08.74 0.51 0.30 0.44 .00 0.01 140.29
68 0.22 97.01 0.22 0.19 2.35 (.00 0.00 160.48
69 0.00 99.54 0.11 0.08 0.27 0.00 .00 76.75
70 0.09 98.65 (.08 0.22 0.96 0.00 (.00 120.81
71 0.00 99.33 0.19 0.18 0.29 0.00 (.00 166.9%
72 0.00 99.32 0.17 0.07 0.43 0.00 0.00 99.0%
73 0.00 99.25 0.30 0.05 0.41 0.00 0.0 116.77
74 0.00 99.63 0.15 0.05 0.14 0.00 0.00 225.50
75 .00 99.14 0.55 (.04 0.26 0.00 0.00 156.62
76 0.00 9132 1.81 0.19 0.33 0.00 0.01 92.99
7 0.29 5.95 22.59 45.22 2547 0.42 0.06 16.20
78 1.14 59.71 502 13.97 20.06 0.09 0.00 32.34
79 0.00 90.05 0.68 3.09 6.17 0.00 £.00 13.38
30 0.00 95.83 0.10 0.60 347 .00 1.00 66.67
81 0.00 98.16 0.18 0.42 1.23 (.00 0,00 3.7
2 0.50 4122 14.36 26.44 17.36 03¢ 0.00 43.50
83 0.42 84.14 3.08 6.38 598 0.00 0.00 50.56
84 0.35 93.60 0.12 1.50 4.24 0.00 0.00 89.82
83 0.02 9228 0.24 3.36 4.11 0.00 0.0:0 56.36
86 0.0 97.80 0.61 0.45 1.15 0.00 0.00 92.00
87 044 7245 4.26 8.39 14.46 0.00 0.00 75,78
88 0.07 85.41 115 6.70 6.67 0.00 0.00 46.006
89 1.96 13.71 7.87 31.83 44.88 0.03 0.00 225.80
20 1.16 22.25 0.92 19.48 55.76 0.43 0.00 60,74
91 3.19 2191 0.61 23.22 51.01 0.05 0.00 i162.22
92 0.02 227 33.75 43.17 20,72 .07 0.00 273.93
93 (.00 0.33 28.60 29.96 41.00 .04 0.00 2543
94 0.08 51.53 4.12 16.72 27.47 0.08 0.00 277.56
95 0.13 40.68 23.64 18.97 16.20 .39 0.00 33156
96 0.00 70.32 4.83 11.43 1226 1.14 .00 14.65
97 0.00 47.56 7.57 24.93 19.81 0.13 0.00 10.14
98 0.00 9297 0.88 4.09 2.05 0.01 0.00 91.76
99 0.00 75.45 3.56 17.16 1.83 0.00 0.00 577
100 0.00 95.56 0.19 (.24 0.01 0.00 0.00 17.95
101 0.35 60.12 10.30 15.40 13.81 0.02 0.00 154.64
102 2.16 2098 4.0! 40.80 32.06 .00 0.00 111.98
103 0.85 61.59 1.57 15.86 20.09 0.03 0.00 136.65
104 206 7842 0.02 2.09 17.40 (.00 0.00 162.85
105 6.36 55.67 0.01 4.35 33.41 0.19 .00 124.71
106 4.17 54.59 0.37 INE 32.50 0.17 0.00 89.87
107 6.11 48.39 1.13 7.49 36.82 0.07 0.00 227.13
108 7.22 36.51 1.01 11.98 43.17 0.10 (.00 138.69
109 3.0 3381 0.86 2596 3627 0.05 0.00 124.24
110 $.28 2917 0.95 11.47 52.79 0.34 0.00 89.67
M1 4.39 45.08 205 8.1 40.31 0.05 0.00 231.11
112 1.97 68.37 1.77 5.27 22.40 0.23 0.0 323.49
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basin crop forest rick tree urban water unclassifiec] total Aren
(%) (%) (%) (%} (%) (%) (%) {sq.km)

113 [.19 64 68 2.2 7.32 24 .04 0.05 0.00 160,17
114 .26 7826 2.98 6.50 11.98 0.02 .00 158.97
115 .38 1148 10.64 3223 4527 0.00 0.00 65.12
116 003 30.82 13.58 3471 20.67 §5.19 0.00 103.93
P17 0.03 $.23 2912 37.05 2452 0.06 0.00 46.78
118 0.09 67.03 241 i4.85 g6l 001 (.00 106.83
119 0.02 9783 0.24 0.83 108 0.00 (.00 192,48
120 0.00 81.22 17.05 1.01 0.66 0.05 0.00 179.62
121 .00 95.29 0.00 1.57 311 0.02 0.00 175.08
122 (.00 99.45 037 0.03 015 0.00 0.00 _57.95
123 0.00 97.06 0.96 078 1.20 (.00 0.00 152.11
124 0.00 08.95 011 0.28 0.66 0.00 0.00 137.21
125 0.06 §7.74 0.36 0.34 1.50 0.00 0.00 218.93
126 0.00 89.39 0.06 7.33 322 .00 0.00 32,13
127 0.00 9420 376 210 2.93 0.00 0.0 254,00
128 0.00 92.85 0.68 339 308 0 00 0.00 52.05
129 0.00 96.36 0.40 2.07 117 0.00 0.00 44,33
130 (.01 01.46 0.49 2.95 509 0.00 (.00 39.66
131 1.69 4G 99 4.45 437 43.76 (.35 0.00 147.31
132 1.77 19.58 5.93 1823 54.49 0.02 0.00 116.42
133 7.30 39,63 0.26 1200 3002 0.70 0.00 33.63
134 .30 36.27 0 86 i4.20 47.38 0.00 0.00 8.57

135 0.11 9087 0.02 1 94 706 0.00 0.00 148.08
136 1.14 37.15 235 1540 4385 G.1] 0.00 162,44
137 0.37 62.86 2.G1 12.62 2105 (.17 0.00 93.22
138 .05 3.57 0.14 2703 6921 0.00 0.00 1.14

139 041 89.78 0.06 276 698 0.00 0.00 73.93
140G 0.26 7548 377 8.46 11.26 0.06 0.00 129,73
141 0.13 86.27 313 372 6.67 (.08 (.00 106.66
142 0.03 9526 121 1.68 176 0.05 0.00 148.07
143 0.91 40.95 670 14,76 36.11 0.56 0.00 234.62
144 0.06 2342 2798 2959 18.78 0.18 0.00 109,46
145 0.03 34.08 3129 17.25 16.87 0.53 0.00 430,93
146 046 58,87 17.86 1.19 1106 (.55 (.00 141.72
147 (.00 83.18 6.59 6.41 2.81 101 (.00 61.43

148 0.00 8502 0.2] 0.55 .38 1383 0.00 29.75
149 0.00 95.13 000 0.18 0.54 4.15 0.00 61.35
150 0.00 91.74 0.00 0.64 0.19 7.42 0.00 28.07
151 .00 9921 0.00 0.33 0.3 .08 0.00 91.54
152 0.07 92.07 0.16 23] 5.22 017 .00 73.07
153 0.00 92,65 .51 420 1,64 0.00 0.00 3.26

154 011 90.26 1.01 229 413 219 000 4.96

155 0.00 98.93 0.02 0.39 0.34 0.32 0.00 13.20
156 0.60 100.00 0.00 0.00 0.00 0.00 0.00 10.33
157 0.00 99,92 0.00 0.00 0.00 .07 0.01 24.61

158 0.00 98 64 0.14 0.83 0.38 0.00 0.90 26.35

159 0.00 08.97 0.00 0.48 (.55 0.00 .00 0.68

160 0.00 99.97 0.00 0.03 0.00 0.00 0.00 24.31

161 0.00 10000 (.00 0.00 .00 0.00 0.00 25.56
162 0.00 100,00 .00 0.00 0.00 G.00 0.00 9,38

163 6.00 100.00 0.00 0.00 0.00 0.04) 0.00 4,83

164 (.00 9947 0.09 (.31 021 0.00 0.00 126.01
165 0.0u 13.78 38.70 1755 26.87 0.00 000 5.99

166 0.56 66.72 7.71 11.08 13,89 0.05 0.00 50.98
167 0.00 0335 226 3.41 .98 0.00 0.00 54.06

168 031 8i.17 351 5.97 9.00 0.05 .00 36.20
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basin crop forest rick tree urban water unclassifiec| total Area
{%a) (%) (%0} (%) (%) (%) %) (sq.km}
169 0.00 91.16 347 3.65 1.6% 0.00 0.00 90.14
170 .00 99.32 G.18 0.i4 036 0.00 0.00 123.04
171 0.07 82.46 3.93 8.45 506 0.04 0.00 155.92
172 025 62.30 911 17.49 10.72 0.14 0.00 §8.97
173 .00 94.96 .35 3.02 0.67 0.00 0.00 56.74
174 0.00 98.15 0.58 0.93 0.33 0.00 0.00 153.88
175 0.00 99.93 0.02 0.01 0.02 0.00 0.0l 231.05
176 (.00 99.68 0.02 0.04 0.25 0.00 0.00 179.82
177 0.00 97.45 1.43 0.16 .94 0.00 0.00 108.02
178 0.0t 92 84 041 .10 5.65 0.00 0.00 4.28
179 0.00 98.67 0.14 028 (.91 .00 0.00 21,31
130 0.00 79.27 19.85 0.18 0.70 .00 0.00 2.84
181 0.00 98.27 0.56 0.00 1.17 .00 0.00 2.72
182 0.00 100.00 9.00 0.00 0.00 0.00 0.00 11.06
183 0.09 99.73 0.00 0.05 0.22 0.60 0.00 189,81
184 0.00 99.92 0.00 0.00 0.08 0.00 0.00 64.63
185 0.00 99.32 0.00 0.16 0.52 0.00 0.00 32.09
186 0.00 99.96 0.00 0.03 0.01 0.00 0.00 68.68
187 0.03 97.79 1.20 Q.10 0.88 0.00 0.00 202.86
188 0.05 93.72 4.05 0.27 1.9¢ 0.00 0.01 236.47
189 0.00 91.66 4.92 1.25 211 0.05 0.0l 59.14
1940 0.00 92.87 4.38 043 2.31 0.00 (.00 16.11
191 0.00 99.83 0.08 0.00 0.0 0.00 (.00 36,04
192 .09 36.75 028 027 2.62 0.00 0.00 181.15
193 0.12 79.47 213 6.66 11.34 027 0.00 46.69
194 0.08 54.52 17.62 i5.04 12.08 0.06 0.00 56.59
195 012 67.00 8.63 9.70 14.32 023 0.00 107.67
196 0.10 55.33 11.36 18.24 14.97 0.00 0.00 32,60
197 0.00 9511 0.06 335 .53 0.00 0.00 52.97
198 0.00 97.48 0.00 1.62 0.69 0.21 0.00 39.23
159 0.0t 91.10 2.78 3.70 241 0.00 0.00 108.80
200 0.00 T0.41 20.51 525 3.83 8.00 0.00 4,61
201 0.00 8539 0.0 0.00 14.61 0.00 0.00 55,31
202 0.02 90.60 4.93 4.46 0.00 .00 0.00 122.66
203 0.05 91.33 235 3.39 2.87 0.62 0.00 252.87
204 0.01 97.74 0.24 0.98 1.00 0.02 0.00 202.52
205 0.02 89.30 3.62 4.58 224 0.23 0.00 161.71
206 0.02 93.07 1.61 2.73 255 0.00 0.00 208.20
207 0.04 95.39 0.17 0.94 346 0.00 0.00 249.21
208 1.60 78.72 (.49 301 16.13 0.035 0.00 271.43
209 0.45 75.55 4.27 647 332 9.94 0.00 20.41
210 0.00 91.21 0.00 (.02 0.60 877 .00 95.48
241 0.04 8362 t.80 5.98 8.19 0.36 0.00 167.94
212 0.00 97.47 0.02 1.06 1.45 0.00 (.00 159.97
213 0.14 86.96 1.23 5.72 5.34 0.61 0.00 182.45
214 (.08 61.65 11.98 16.00 10.03 0.26 0.00 100,47
215 0.22 84.97 0.03 3.89 10.90 0.00 0.00 14.87
216 0.0] 94 .40 1.61 2.36 j.59 0.03 0.00 89,79
217 0.01 67.74 24.70 4.47 230 0.30 0.00 132.99
218 0.00 93.99 311 117 1.73 0.00 0.09 81.20
219 0.00 89.92 631 299 G.79 0.00 0.00 59.60
220 0.00 99.89 0.09 0.02 0.G0 0.00 0.00 80.88
total (sq.km}| 312.56 20239.58 862.17 1455.82 310559 253.06 .34 26229.12
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ABSTRACT

Seasonal and annual rainfall data for 135 stations for periods varying from 25 to 125 years are utilized to investigate and
understand the interannual and short-term {decadal) climate variability over the South-east Asian domain. Contemporangous
relations during the summer monsoon period (June to September) reveal that the rainfall variations over centzal India, north
(China, northem parts of Thailand, central parts of Brunei and Bornee and the Indonesian region east.of 120°E vary in phase.
However, the rainfall variations over the regions surrounding the Seuth China Sea, in particular the north-west Philippines,
yary in the opposite phase, Possible dynamic causes for the spatial comelation structure obtained are discussed.

Based on the instrumental data available and on an objective criteria, regional raimfall anomaly fime senes for contiguous
regions over Thailand, Malaysia, Singapere, Brunei, Indonesia and Philippines are prepared. Results reveal that although there
are year-to-year random fluctuations, there are certain epochs of the above- and below-normal rainfall over each region. These
epochs are not forced by the El Nifio/La Nina frequencies. Near the equatorial regions the epochs tend to last for about a
decade, whereas over the tropical regions, away from the Equator, epochs last for about three decades. There is no systematic
climate change or trend in any of the serles. Further, the impact of Bl Nifio (La Nina) on the rainfall regimes is more severs
during the below (above) normal epochs than during the sbove (below) normal epochs. Extreme drought/flood situations tend
to gcour when the epochal behaviour and the El Nifto/La Nina events-are phase-locked. © 1997 by the Roval Meteorological
Society, fnt. J Climatel., 17: 11551168 (1997).

{No. of Figutes: ¢ No. of Tables: 2 No. of References: 30)
KEY WORDS: Sowth-east Asia rainfall; Indisn monsoon: teleconnections, ENSO; epachs; phase locking.

INTRODUCTION

South-east Asia consists of the mainland lying to the east of India and south of China, together with the islands to
the south and east (Figure 1). This extensive area consists of Myanmar (formerly Burtha), Thailand, Indo-China
{Vietnam, Laos, Kampuchea), Malaysia, Singapore, the islands forming the Republic of Indonesia, Borneo,
Brunei, the Philippine islands, Portuguese Timor and the western New Guinea.

Monsoon-related droughts and floods have an enonmous social and economic impact on the people of India, China
and the countries of South-east Asia, which form a large segment of the world's population. A large amount of
scientific literature on the Indian and the East Asian monsoon is available (reviews available in Fein and Stephens,
{987; Chang and Krishnarnurti, 1987; Lau and Li, 1984). However, possible connections between minfall anomalics
over the couniries in the Asian domain are not well documented. Most of the previous studies on rainfal] variability in
iﬁe monsoon belt have focused on regional monsoon areas such as India, China, Indonesia, etc. By comparison,
possible connections within the Asian monsoon have received little attention, Some work in this direction has been
‘done by investigating the relationship between rainfall variations over India with variations over China (Kripalani and
Singh, 1993), over Thailand (Kripalani et al., 1995) and over Bangladesh and Nepal (Kripalani ef al., 1996a). These
studies have shown that the rainfall variations over centra} India, north China and north-west Thailand are in-phase
;}Vilh Indian monsoon rainfall (IMR), whereas the rainfall variations from north-east Indta up to south-east China are
-0ut of phase with IMR (Kripalani, 1997).

— ,
*Corespondence fo: R. Kripalani, Indian Institute of Tropical Meteorology, Pashan, Pune 411008, India,

»OC 0899-8418/97/111155-14 $17.50
© 1997 by the Royal Meteorological Society
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Figure 1, Mzp showing the region of South-gast Asia. Dots represent the location of the stations used in this study

it is now well recognized that the ENSO (El Nifio-Southern Oscillation) phenomenon is the single most
iruportant mode to the Farth’s year-to-year climatic variability. Normally, during the El Nifio events the Indian
region experiences drought conditions (Ropelewski and Halpert, 1987). Further, there have been distinct epochs
of above (18801895, 1930-1963) and below (1895-1930, 1963-1990} normal rainfall over India. In a recent
study, Kripalani and Kulkarni (1997a) have shown that the impact of El Nifio is more severe during the below
normal epochs and that the epochal behaviour of IMR is not forced by the E! Nifio/La Nifia frequencies. The
general climatological and environmental information and the circulation features over this region are available
(e.g. Hastenrath, 1991; Martyn, 1992).

In view of the above, the purpose of the present empirical study is:

(i) to explore possible spatial commections of rainfall variations over the South-east Asian domain with those
over the Indian region;
(ii} to prepare time series of areally averaged rainfall over contiguous regions in this sector and to determine the
epochs of above and below normal rainfall;
{ii1)} to investigate whether these epochs are forced by the El Nifio/La Nifia events and whether the impact of El
Nifio/La Nifia on rainfall regimes over this region is the same or different during these epochs.

DATA

The monthly station rainfall data for 135 stations (Figure 1) has been extracted from the Numeric Data Package
The Global Historical Climatology Network: Long-term Monthly Temperature, Precipitation, Sea-level Pressure,

INT. 1. CLIMATOL, VOL. 17; 1135-1168 {1997) © 1997 Royal Mereorological Societf
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gnd Station Pressure Data. This data package has been prepared by the Carbon Dioxide Information Analysis
center, Oak Ridge National Laboratory, USA. This data set has been subjected io thorough quality control
checks. For details the reader may refer to Voce er al,, (1992). '

Out of the 135 stations, 20 stations had data for 100 to 125 years, 82 stations for 50 to 100 years, and for the
rernaining stations the data period was 25 to 50 years. For 65 stations, missing data was less than 10 per cent,
whereas for 41 stations the missing data was between 10 and 20 per cent. The remaining stations had 20-40 per
cont of data missing.

The time series for IMR {June to September) has been taken from Parthasarathy ef al., (1954)).

SPATIAL CONNECTIONS WITH IMR

The search for teleconnections usually involves the caleulation of a sample cross-correlation function for the
pairs of time series. The existence of autocorrelation can lead to apparent feading or lagging relationships when
none are actually present. Further, the effect of autocorrelation of the individual time series is to “smear out” any
contemporangous cross-correlation that might be present (Katz, 1988). Cross-correlation functions are frequentiy
presenteé for variables without first removing or correcting for the effects of autocorrelation (Kulkami and
Storch, 1995), However, all the rainfall series used here are free from autocorrelation because the lag-l
antocotrelations are insignificant. The common data period available for this analysis was 1951--1975. For a
samuple of 25 values the significant correlation is ca. 0-5 (0-4) at the 1 (§) per cent significance level.

The time series of IMR is cotrelated with the seasonal (June to September) rainfall of each of the 135 stations
and with rainfall of 52 blocks (Kulkarmi er al, 1992) over India. This spatial pattern of contemporaneous
correlations is shown in Figure 2. For completeness, this figure also includes the spatial correlations with Chinese
rainfall (Kripalani and Singh, 1993), which are also based on the same data period.
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Figure 2. Spatial distribution of the correlation coefficients of IMR with scasonal rainfall (June—September) of each of the 135 stations.
Repions that show significant positive (negative) correlation with [MR bave been hatched (stippled)
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Figure 2 reveals that the rainfall variations over central India, north China, nuﬁh-wc:st Thailand, central pan; o
Brunei and Borneo and the Indonesian region lying between 1207 10 140°E are in phase, and show 3 hig}
significant positive relationship with TMR. Although Brunei and Bomee’s main rainy months are during tiy
winter period {November through to February), they do receive ramnfall during the summer monsoeon munti,
(Kripalam and Kulkami, 1997b). The Indonesian region (showing high positive significant relationship wiy
IMR) lying south of the equator between Celebes and New Guinea gets high rainfall during the northern suimp,,
monsoon petiod also (Kripalani and Kulkarni, 1997b). Thus extensive coherent regions showing in-phag
variations with IMR occur over north China and the Indonestan region lying between 120° and 140°E. It is wey
known that the monsoon over north China is greatly influenced by the West Pacific subtropical high (Tao aye
Chen, 1987). Even the Indian monsoon is affected by changes over the West Pacific (Kripalani et al., 1997). Ty
may be one of the reasons for in-phase variations over the northern parts of China. The strong correlations wit
IMR between 110° and 140°E, north and south of the Equator, may be due to the impact of the Souther
Oscillation phenomenon on both these regions.

The most intriguing feature is that the region surrounding the South China Sea, namely Kampuchea, souther
Viemam, Malaysia and north-west Philippines, is out of phase and shows a negative relationship with [MR_
However, the out-of-phase relationship is significant over southern parts of Kampuchea and north-wey
Philippines only, in particular over north-west Philippines. This out-of-phase relationship over the Philippines
region has been noted earlier using outgoing longwave radiation data (Kripalani et al., 1991).

The South-east Asian summer monsoon has its low-level branch of the local Hadley circulation, with
substantial convergence, pronounced updraft and vigorous rain, around 10°—20°N over the Bay of Bengal region,
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Figure 3. Year-to-year standardized monsoon rainfall over Thailand (top panel), Values of the Cramer’s 1 statistic for the 11.year running
mieans (bottomn panel), The ¢ values ate plotted at the eentre of the 11-year peried
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Fégurc 2 reveals that the rainfall variations over central India, north China, north-west Thailanti, central paryg o
Brumei and Borneo and the Indonesian region lying between 1207 w 140°E are in phase, and show 4 higf
significant positive refationship with IMR. Although Brunei and Bomeo’s main rainy months are during 1y,
winter period (November through to February), they do receive rainfall during the swmmer monsoon month
(Kripalani and Kulkarni, i997b). The Indonesian region (showing high positive significant relationship wiy
IMR) lying south of the equator between Celebes and New Guinea gets high ramnfall during the northern summe,
monsoon period also (Kripalani and Kulkarni, 1997b). Thus extensive coherent regions showing in~phage
variations with IMR oceur over north China and the Indonesian region lying between 120 and 140°F. It is wey
known that the monsoon over north China s greatly influenced by the West Pacific subtropical high (Tao ay,
Chen, 1987). Even the Indian monsoon is affected by changes over the West Pacific (Kripalani et al., 1997). Th;,
may be one of the reasons for in-phase variations over the northern parts of China. The strong correlations wig
IMR between 1107 and 140°E, north and south of the Equator, may be due to the upact of the Southep,
Oscillation phenomenon on both these regions.

The most intriguing feature is that the region surrounding the South China Sea, namely Kampuchea, souther,
Vietnam, Malaysia and north-west Philippines, is out of phase and shows a negative relationship with IMR.
However, the out-of-phase relationship is sigmficant over southern parts of Kampuchea and north-wess
Philippines only, in particular over north-west Philippines. This out-of-phase relationship over the Philippines
region has been noted earlier using outgoing longwave radiation data (Kripalani er a/., 1991).

The South-east Asian summer monsoon has its low-level branch of the local Hadley circulation, with
substantial convergence, pronounced updrafl and vigorous raip, around 10°-20°N over the Bay of Bengal region,

BB THAILAND

ury

©

],“ “‘| ﬂ“l ILM.Illllllllll.lllrli |||' I lﬂ

w3 s i L b IEII!:IL;II'.J[L.LLL‘\EEIJ]I‘I\I HERE NN EWRREYUER N H:‘uu:;_‘-J
191 1921 1931 1941 1951 1961 971 .88
3

—

3““14!' 131 (Il AN AN NS N 1 | R DO S0 000 00 DU SO N AU 1 199 1 P 16 B I T AT
=T T T T T T 1 ¥

191t 1921 193 B4 1951 15361 1971 fi2: b

Figure 3. Year-to-year standardized monsoon rainfall over Thailand {top panel). Values of the Cramer's 1 gtatistic for the }l-year running
means (bottom panel). The ¢ values are plotted at the centre of the 1i-year periad
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whereas the western: North Pacific summer monsoon has its active convection and updraft centre oceurring over
the key domain (10°-20°N, 130°—150°E}) of the world’s highest seu-surface temperatures. The boundary between
these TwO MONSOON Fegimes appears 1o exist somewhere over the South China Sea, where relatively dry weather
persists and where the downdraft portion of both these monsoons occurs (Murakami and Matsurmoto, 1994), This
may have led to the out-of-phase relationship surrounding the Sonth China Sea. Further, north-west Philippines is
influenced by the pressure changes over the South China Sea. During the low pressure phase, enhanced
cloudiness is found in the vicinity of the Philippines. In the phase change from low to high pressure a remarkable
decrease in cloudiness is found near the Philippines, and the intensity of the Indian monsoon increases (Tao and
Chen, 1987). Thus the intensity of the monsoon in the South China Sea does not necessarily correlate positively
with the Indian monsoon. Recent simulations of the East Asian monsoon with atmospheric general circulation
models have also noted that the monsoon over the Indian region (60°-90°E, 6°--22°N) and over the East Asian
region {110°-125°E, 12°-22°N} seem to be negatively correlated (Wang and Xun-Qiang, 1995), Thus the
empirical results obtained in this study are consistent with earlier studies and with model simulated results.

INTERANNUAL AND DECADAL VARJIABILITY

Bused on the available instrumental data, time series of areally averaged rainfall amounts are prepared using the
simple arithmetic mean of station rainfall data for a particular region. However, because the rainfall over one
location may differ to another location within a country, the stations selected for averaging are based on an

B AL AYSIA
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Figure 4, Same as Figure 3, but for innual rainfall over Malaysia
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objective criteria. Correlation coefficients are computed between station rainfall series within a country. Only the
stations having a positive significant correlation between each other are retained for averaging. The average ilmej
series is again correlated with the rainfall series of each station selected, to confirm that the average series doeg§
represent the region. With this method, rainfall series for the following contiguous regions only could beE
prepared: '

(1) Thailand {monsoon period) region lying between 12:5 and 19-0°N, 99° and 104°E — average of eight
stations for the period 19111989 (Figure 3);

(i} Malaysia (apmual) — 25 stations for the peried 1898-1975 {Figure 4);

(iii) Singapore (annual) -— two stations for the period 18721980 (Figure 5);

(iv} Brunei (annual) ~- seven stations for the period 1908~1980 (Figure 6);

(v} Indonesia (annual} region lying between 57 and 10°S, 105% and 120°E --- 19 stations for the period
18981975 (Figare 7Y,

{vi} Philippines (monsoon period) region over the north-west ssctor — six stations for the period 19031975

{Figure R);
(vii) Philippines (annual) — 19 stations for the period 19031975 (Figure 9;

Such series could pot be prepared for Myanmar, Laos, Kampuchea, Vietnam, Sumatra, Bormeo, Celebes,
Papua/New Guinea and the Indonesian region lying east of 120°E owing to limited data. The resulls presented are
based on the available length of data for a region, because the features based on the common data period are

sirnilar,
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Fighre 5. Same as Figure 3, but for annual rainfull over Singapore
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Figure 6. Same as Fignre 3, but for annual rainfall over Brunei

All the above series have been subjected to statistical tests. The frequencies of these series are Gaussian
according 1€ chi-square and Kolmogorov—Smirov (K-5) tests (WMO, 1966a}. These series are also free from
Markovian fype of persistence, because the lag-1 autocorrelations are insignificant, Long-term changf:s are
examined with the Mann—Kendall rank statistic (WMQ, 1966b). No trends are detected. The ﬁhoﬁ-teml climatic
fluctuations have been studied by applying Cramer’s test for t-he 11-year {since decadal) running means (WMO,
1966b)- This statistic compares the means of the subperiods with the mean of the whole period. He.re this statistic
has been used to isolate periods of above and below average rainfall only, and not to examine their significance.

Figures 3 to 9 show the year-to-year standardized rainfall (top panel) along with the values of the Cramer’s
sanstic for the 11-year running means (bottom panel) for each series defined above. Although there are year-to-
year random fluctuations, the most striking features seen are the epochs of above and below normal rainfall in
cach series. However, there is no systematic climatic change or trend in any of the series. There appears to be an
inherent epochal variability in each of the series. The average length of the period between the turning points
{from an epoch of above to below normal or from an epoch of below to above normal) over the equatorial regions
(Singapore, Indonesia) is about one decade (oceanic influence), whereas over the tropical regions, away from the
Equator (India, Thailand), it is about three decades (continental influence).

impact of ENSO

The ENSO phenomenon is the most dominant pattern of the short-term climatic variations over the globe. It
accounts for a greater proportion of variance of climatic and oceanic ficlds on time-scales from a season 10 a
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1162 R, H. XRIPALANI AND A. KULKARNI

B nooNESIA

B g e ey

-

al A, Ll llHl 1||.

of l ml Il [[I I Ilﬂ”
-4 F

-0

_SLlilr\HJIIX;.L!-IlIELII'L._LK’ biciiiiatt ALu 1l l‘]J_.” {38 WAL I I S
1898 1908 1918 1928 1938 1948 1958 1968
23— SO S ——

2

3 u_iLH.,LJ_.__Ll! ””_.‘!-1..<;‘,,I«i:-in\!:xu::
assa 1908 1918 1928 1938 1948 1348 1968

Figure 7, Same 3s Figure 3, buf for annuel minfall over Indonesia

decade than any other single phenomenen, except only the annual cycle. Further, a majority of the wanm (cold
extremes, i.¢. the Bl Nifio (La Nifia) events cause below (above) normal rainfall ever the Indo-Australian regior
(Ropelewski and Halpert, 1987). Whether the impact of these episodes is the same or different during the above.
and below-normal epochs remains to be examined. Hence the influence of ENSO warm extremes (Rasmussor
and Carpenter, 1983) and the cold exitremes {Van Loon and Shea, 1985) on the ranfall regimes is assessed
separately during these epochs. However, it would be worthwhile to determine first whether the epochal
behaviour is forced by the El Nifio/La Nifia frequencies.

Epochal behaviour and El Nifio/La Nifia frequency .

The importance of the Southern Oscillation has varied during the last century, with epochs of strong and
weaker variations (Trenberth and Shea, 1987). These Pacific decadal time-scale variations have been linked to the
recent changes in the frequency and ntensity of the F) Nifio versus La Nifa events {Trenberth and Furrel, 1994).
Hence to examine whether the epochal behaviour over the South-east Asian domain is also triggered by the
frequency of the Bl Nifio/La Nifia cvents, the 11-year f-statistics bave been recomputed by deleting the (i) El Nidio
cases, (ii) La Nifia cases, and (iii) El Nifio plus the La Nifia cases. The running means are now computed
depending on the values available dwuring a particular 1]-year period. Results show that the major epochs of
above- and below-normal rainfall and the turning points have remained the same (figures not presented).
However, although the series are not altered fundamentally by this remowval, for some regions, in some time
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Figure 8. Same as Figure 3, but for seasonal (June-September) rainfall over northewest Phillipines

periods, the details are slightly different. Thus this analysis suggests fhat the epochal behaviour is slightly
modified bt not fundamentally forced by the El Nifio/La Nifia frequency. Because the epochal behaviour is not
forced by these episodes, El Nifio/La Nifia events can be considered as an external forcing and the epochal
behaviour as an internal variability.

Epochal behaviour and ENSO extremes

The epochs of above- and below-normal rainfall for each region can be inferred from the bottom panel of the
respective figures (Figures 3 to 9). The years of the El Nifio (La Nifia) events during the above- and below-nornmal
epochs, along with the standardized rainfall for each episode for the respective regions, are tabulated in Table |
(Table IT). Certain El Nifio/La Nifia cases occurring around the turning points or during the periods where the
epochal variability appears damped, could not be classified either in the above- or below-normal epochs. These
have been shown separately. .

A critical examination of Table [ reveals interesting results. It is seen that during the below normal epochs
practically all the cases for all the regions have resulted in below normal rainfall, However, in only 50 per cent
{on: average) of the cases the rainfall has been below normal during the above normal epochs. Even the average
standardized ramfall during the below normmal gpochs for all the regions is negative. However, the average
standardized rainfall during the above normal epochs is positive (except for Indonesia). The differences between

© 1997 Royal Metaosoloical Sociery MNT. L.CLIMATOL, VOL. 17: 11551168 (199N
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Figure 9. Same as Figure 3, but for annual rainfall over Philippines

the means of the standardized rainfall for the above- and below-normal epochs are significant at the 5 per ceni
jevel for Thailand, Malaysia, Singapore and Brunei, Further, severe droughts related to the El Nifio events have
occurred during the below normal epochs only, e.g. Thailand (1923, 1932), Malaysia (1941}, Singapore (1877,
1902, 1905, 1965, 1972), Brunei (1911, 1914, 1972), and Indonesia (1925, 1972). Most of the El Nifio cases that
have not resuited in below normal rainfal} are the ones which have oceurred during the above normal epochs, e.g.
the El Nifio during 1925 resulted in above normal rainfall over Malaysia, Singapore and Brunei. Hence the majos
drought situations occur when the epochal variability and the El Nifio events oceur in-phase (phase-locking), i.¢.
the impact of E] Nifie is more severe during the below normal epochs than during the above normal epechs,
Indonesia lies at the centre of action of the Southern Oscillation phenomenon, this may be the reason that the
impact of El Nifio is practically the same during the above normal as well as the below nommal epochs.

A similar inference can be drawn for the La Nifia cases shown in Table I, however, the results are not a:
spectacular as for the El Nifio cases. On average, 70 (50) per cent of the La Nifia cases have resulted in above
(below) normal rainfall during the above (below) normal epochs. The differences between the means are highly
significant (at the 1 per cent level of significance) for Indonesia and significant (5 per cent) for Thailand only.
Majority of the La Nifia related floods have occurred during the above normal cpochs, e.g. Thailand (1938, 1970)
and Singapore (1954). Hence the major extreme events of rainfall (severe floods/droughts), in particular droughts
may be due to the phase-locking between the internal epochal variability and the external forcings of the El Nifio/
La Niifia events.
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1165
Table I. Years of the El Nifio events.
J— —— .
Region El Nifio years and SR ASR Shydents
¢ statistic
Thailand (monsoon} B 1918 1923 1925 1930 1932
Figure 3 5 09 —-13 =85 —09 =12 ~1.0 2 608
A 1939 1941 195 1953 1957 1965 196%
7 ~09 D4 —0.1 +13 407 ~1.0 +07 +0.0
T 1972 1976
2 09 -04
Malaysia (2nnual) 8 1939 1941
Figure 4 2 04 23 —1.4 232+
A 1905 1911 1914 1918 1923 (%25 195% 1953
8 —82 04 +07 -03 05 +22 +06 08 +0-4
T 1930 1932 1937 1943 1969 1972
& —08 ~01 +01 —-04 401 ~10
Singapore {annal) B 1877 1884 1902 1905 1939 1941 1957 1965 1969 1972
Figure S 10 -2.0 -07 -12 -11 +04 —~06 -08 ~12 -01 -I4 09 L5+
A 1891 1911 1914 1918 1923 1925 1951
7 00 ~06 ~04 +07 08 422 +03 +0.2
T 1887 1896 1899 1930 1932 1953
¢ +07 -08 00 ~05 06 08
Brunei {annual} B 1911 1914 1965 1969 1972
Pigure 6 5 -1.5 =36 —08 D2 ~i4 ~1-5 2.55%
A 1923 1925 1930 1932 1939 1941
6 +06 +19 —13 +07 01 00 43
T 1918 1951 1933 1957
4 +b5 =04 —-03 07
Indonesia {annual) B 1923 1925 1930 1951 1965 1969 1972
Figure 7 7 06 -16 -06 -08 -08 -1.5 -2.0 —1-t 1.5%
A 1902 1905 1911 1914 1918 1957
& —-13 92 ~05 12 -06 ~02 —7
T 1832 1939 1941 1953
4 408 +02 00 -t
Philippines (monsoon} B 1941 1851 1953 1957
Figure 8 4 00 -0t ~0F 05 -0.2 1.86
A 1911 1914 19318 1923 1925 1930 1932 1965
8§ +28 427 +14 410 +1.6 -03 &0 06 +1-1
T 1939 1969 1972 :
3 02 405 428
Philippines (anmual) B 1951 1953 1957 1965
Figure % 4 401 401 12 ~05 —0-4 1.93
A 1918 1923 1925 1930 1932 '
5 406 +10 +12 -08 08 +0-6
T 1911 1914 1939 1941 1969 1972

L

+53 —-13 410 00 16 +1.0

Values below the years are the standardized rainfall (SR) for that year. A, Above normal epochs; B, belew normal epochs; T, around the
furning points or where the epochal variability appears damped; ASR, average standardized caifall for that particular epoch. Values below B
A and T are frequencies. * (**) significant at 5 (1) per cent level i

For Indonesia it appears that the impact of the external forcing piays a more dominant role than the internal
epochal behaviour. However, for the Philippines, the epochal behaviour appears to be more important than the
impact of the E1 Nifio/La Nifia events. Whereas the summer monsoons over Thailand, Indo-China and Malaysig
Indonesia are dae to the land-ocean heat contrast, the Philippines is distinctly different due to less significant
continentality. Basically this is an oceanic monsoon supported by disturbance activity, with the role of the north-
south heat contrast minimal (Murakami and Matsurnoto, 1994). As over India (Kripalani and Kulkarni, 19973),
the concept of phase-locking plays a domuinant role in determining the extreme situations over Thailand
Malaysia, Singapore and Brunei. '
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Table 11. Same as Table I but for La Nifia events

Region La Nifia years and SR ASR Student’;
statistic
Thailand {monsoon) 19538 1942 1946 1954 1964 1966 1970 -
Figure 3 +1-7 +12 0 416 409 +1-0 403 +2-1 +1-3 2.80%
1916 1920 1924 1931
+1:0 ~B3 406 08 -1

1973 1975 1978
-2 404 412
1906 1908 1916 1920 1924 1949

Malaysia {annual) ]
+12 404 05 —15 10 +1.0 +0.3 115

Figure 4
i038 1842
—0.8 ()5 -7

1931 1954 1964 1966 1970 1973
+07 403 —03 415 +0-3 408
1892 1916 1920 1924 1949 1954
00 —04 =01 +0-9 ~0:2 423 +0-5 0-06
[BB6 1503 1938 1942 1964 1966 1970 1973
—0-1 +0-3 +0.1 00 +1-6 +03 01 +83 0 405
1889 1898 1506 1508 1931
-3 409 +14° 05 +0-8
1920 1924 1931 193 1942

Singapore (annmal)
Figure 5

Brunei (annual}

Figure & —1-0 +07 -0.9 +1.5 +1-4 +0-3 016
1916 1964 1966 1570 1973
+i-4 =02 02 +0- -+0-1 +02
1949 195
+{-3 +1-2
Indonesia {anoual) 1903 1906 1608 1916 1920 1954
Figure 7 +13 +0:5 407 +1-2 +10 12 +1-0 4.91%*
1924 1931 1942 1949 1964 1966 970
—~-1 =03 05 +0-1 ~02 12 —03 -2
1938 )
+0-8
Philippines {monscon) 1908 1916 1920 1924 193t 1964 1966
Figure 8 —0-1 -2 406 —{-1 +0-6  —0-3 —0.6 -0 1-98
1942 194% 1954
Q.0 -8 =07 ~0-8
1938 1970
-8 02
Philippines (annual) 192 1924 1931 1938
Figure ¢ —{2 +0:5  ~0-5 +0-5 {1 0838
1942 1949 1954 1564 1965
00 -1.5  —04 )2 +0-2 -3

190 1916 1970 1973
+17  +1-8 402 0.0

BN R R W e ] SRR R G U e 0O O G e B DD e LY ST )

CONCLUSIONS

The relationship with IMR has revealed that within the Asian monsoon regime, not only are there regions {north.
China, some norther parts of Thailand, Bomeo, Brunei and Indenesia) which are in-phase with IMR, but there.
are regions (surrounding the South China Sea) which are out-of-phase also. These types of teleconnections lack.
physical explanation but are important topics for future research and climate dynamics, :

This study has fostered some new insights in the connections between the ENSO extremes and the rainfall
variability. First, the analysis of the short-term fluctuations of seasonal and annual rainfall time series show
distinet epochs of above- and below-normal rainfall, which are not forced by the El Nifio/La Nifia frequencies.
Second, the epochs tend to last for about one decade over the equatorial oceanic regions and about three decades
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.gver the continental regions. Thizd, the impact of E! Nifio is hiore severe during the below normal epochs than
Juring the above normal epochs. In fact a majority of the El Nifios that have octurred during the above normal
ppochs have caused positive rainfall anomalies. The impact of La Nifia appears to be more severe during the
above nonmnal epochs. Extreme drought and flood sttuations tend to cccur when the internal epochal behaviour
andd the external forcings of Tl Nifio/la Nifia events are phase-locked.

After examination of the epochal behaviour of rainfall over India for recent years, Kripalani and Kulkarni
(19972) bave speculated that india is almost invuinerabie to severe droughts during the next two decades. Further
Kripaiani and Kulkarni (1996) have shown that, although severe_droughts over India are linked with El Nifo,
severe floods are linked with events other than the La Nina events. Besides the ENSO phenonemon, other factors
als0 arc believed to be important for the interannual behaviour of the IMR and for the rainfall variability over
South-east Asia. A recent study by Kripalani ef al., (1996b) suggests that snow depth over Russia is better related
10 the Indian monsoon than the Eurasian snow cover. All these aspects will be looked into once the recent data
over this region are available to the authors.
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ESTIMATION OF PROPABLE MAXIMUM PRECIPITATION (PMP)

FOR UPPER PING RIVER BASIN
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ABSTRACT : The design standard for the design of large hydraulic structures requires important hydrologic data so-called
probable maximum flood (PMF). This extreme flood is used to evaluate reservoir storage and spillway capacity of the dam for the
reason of dam safety and dam stability. The estimation of PMF initially requires probable maximum precipitation (PMP) and a
hydrological model is used to convert PMP to PMF. The objective of this study is to estimate PMP for a large dam in Thailand by
using the Bhumibol Dam which receiving discharge from Upper Ping River Basin as a pilot case. There are 3 methods for
comparative study: (1) Statistics estimates developed by Hershield using annual maximum rainfall in 56 years (1951-2006) (2)
Generalized Estimates for Mekong River basin, extrapolation to Upper Ping River Basin and (3) Generalized Estimates using
maximum tropical storm occurring in Thailand called Tilda, its center was at Roi-et province in 1964 and transposition to Upper Ping

River Basin. The estimated PMP from 3 methods are 382, 574 and 363 mm, duration 1, 7 and 7 day respectively.

KEYWORDS : Probable Maximum Precipitation, PMP, PMF, Upper Ping River Basin, Generalized Estimates
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ABSTRACT : The design standard for the design of large hydraulic structures requires important hydrologic data so-called
probable maximum flood (PMF). This extreme flood is used to evaluate reservoir storage and spillway capacity of the dam for the
reason of dam safety and dam stability. The estimation of PMF initially requires probable maximum precipitation (PMP} and a
hydrological model is used to convert PMP to PMY, The objective of this study is to estimate PMP for a large dam in Thailand by
using the Bhumibol Dam which receiving discharge from Upper Ping River Basin as a pilot case, There are 3 mcthods for
comparative study: (1) Statistics estimates developed by Hershield using annual maximum rainfall in 56 years (1951-2006) (2)
Generatized Estimates for Mekong River basin, extrapolation to Upper Ping River Basin and (3) Generalized Estimates using
maximum tropical storm occurring in Thailand called Tilda, its center was al Roi-et province in 1964 and transposition to Upper Ping

River Basin. The estimated PMP from 3 methods are 382, 574 and 363 mm. duration 1, 7 and 7 day respectively.

KEYWORDS : Probable Maximum Precipitation, PMP, PMF, Upper Ping River Basin, Generalized Estimates
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Hvemseusun13w1lsunsa Extreme Flood Model
1. NUMIUNHERNNENATN

1.1 ﬁumﬁﬁn@ammﬂy@

1.2 M3 Wasonuuy Subsurface runoff

1.3 MIATEIBANNANVOIAU

14 madnduvanihlday

15 msnanlulnseiedni

1.6 m3 lnaludulisudadaemh

1.7 mynmntudnhiidu Compound channel

1.8 MmsUszumal PMP

2. dnpmMzsHIauYesldsunsy MATLAB
2.1 szinnves IdfReTeq
2.2 msihdeyad msdmuamwiniiney
2.3 ATIATUIULYY matrix
2.4 1519 function
2.5 11319 for loop, if else
2.6 MsWsunI W

2.7 mahdoyasen

3. m319 50033 Daily Water Balance Model
3.1 Insearavesldsunsu
3.2 deymindnnig 9
3.3 ifuﬂaumiﬁ’amm : hillslope water balance, routing

34 MIHAMN



4. N3MUIY Rating Curve 199 Compound channel
4.1 mi!ﬂﬂ%ﬁlgﬁ Observed rating curve
4.2 m‘ilﬂﬂ“ﬁﬂyﬁ Cross section
4.3 A9AIMIN simulated rating curve 144 main channel

4.4 MIAIUIN simulated rating curve T compound channel

5. /13 M 15Hn33 Extreme Flood Model
5.1 TassadraveaTilsunsy
52 MIa3e PMP 4 4
5.3 Soyming a9
5.4 ﬁfumumsﬁm’;m : hillslope water balance, routing

5.5 MIeLns W

Modeling Flow Chart

Daily water balance model

Soil water storage
(wet or dry)
v
PMP Hourly water balance
Generation —» model
Hourly rainfall
Hourly runoff from
Subcatchments
A\ 4
Rating Curve m,k »  Channel Routing Model
Estimation (S=kQ™)

Main + Flood plain
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4 3
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