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two sequences of the two typhoons, one allowing the storms to occur closer
together in time, in which case the prior storm is less than in the other
sequence. Table 5-13 lists the two sequences on a time scale, Both
sequences begin September 15.

Location of typhoon PMP. Generally, the typhoon PMP would be most
critical for peak flow if located immediately above the dam site. Figure
5-17 shows isohyets for the heaviest day of PMP in these suggested locations
for the 3 dam sites. Derivation of the isohyetal values on this figure is
given in the following paragraphs.

PMP storm depths. For the maximum l-day rainfall, the elliptical
isohyetal pattern, figure 3-11, is recommended. Isohyetal values were
developed for the Vietnam coast PMP by constructing isohyetal profiles, and
making use of the storm depth-area curve for 24 hours of figure 3-12. The
resulting Vietnam coast isohyet values are shown in table 5-14.

For each location of the typhoon shown on figure 5-17, the average
adjustment to coastal PMP was obtained from figure 3-8. This adjustment,
shown on table 5-15, times the isohyetal labels of table 5-14 will give
l1-day PMP isohyet values for each of the three locations. Isohyetal values
shown on figure 5-17 were determined by this procedure,

The adjusted l-day isohyetal pattern is used over the selected subbasin
and surrounding areas until the isohyets blend in with the l-day proportion
of the 100-yr September rainfall, PMP for the remaining 2 days can then
cover the same area as the heaviest day of PMP.

The maximum l-day rain accounts for approximately 50 percent of the
3-day PMP. It follows that areal distribution is more important for this
day of rain than for the remaining 2 rain days. Shifting of storm centers
and randomness in distribution of the lighter rain amounts results in little
consistency of the areal variation from one record storm to another. It is
recommended therefore that uniform average depths be used for the two
lighter rain days. This procedure has been used previously for large basin
PMP studies, such as for the Susquehanna River of Eastern U.S.A. (5-7).

Rains for the 2d and 3d heaviest rain days for each subbasin are given
in table 5-15. These values have been adjusted for the subbasin location.

Location of prior typhoon rain. Location of the prior typhoon rain
that in combination with typhoon PMP will produce the highest flow is
dependent upon stream travel time and other hydrologic characteristics of

the basin. Suggested placements for first hydrologic trials are listed in
table 5-16.
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Prior typhoon storm depths. For a selected location of the prior
storm, the average combined typhoon adjustment from figure 3-8 is deter-
mined. This adjustment, in percent, times the 50 or 65 percent factor,
depending on whether 3 or 4 days track separation is being used, is the
ratio by which the isohyetal values of table 5-14 are multiplied to obtain
the heaviest l-day rain of the prior storm. The remaining 2 days of rain
are obtained by multiplying 130 mm and 110 mm by the last-mentioned ratio
above. As with the PMP, use the isohyetal pattern until it blends with
the 1-day proportion of the 100-yr September rain. The 2d and 3d day
average rains cover the same area.

Time distribution. For a 3-day typhoon, it is most common for the
heaviest l-day rain to occur in the middle of the storm, with lighter rains

on the adjacent days. This is the pattern recommended for both typhoons,
as illustrated on table 5-13,




Table 5-1

EXAMPLES OF DIFFERENCES BETWEEN 5 HIGHEST OBSERVED RAINS AND RAINS COMPUTED
FROM 3 FREQUENCY DISTRIBUTIONS

Plotting Aug.
Position O N d LN 4 G d | o N 4
£*
.952 767 589 178 600 167 580 187 | 367 300 67
.904 528 541 -13 538 -10 528 O 324 270 54
.857 514 513 1 500 14 498 16 | 261 250 11
.809 438 486 48 469 -31 471 -33 | 203 236 -33
.761 416 467 ~51 447 -31 453 -37 | 191 222 -31
I+ 179 181 203 132
- -112 ~-72 -70 -64
Abs 291 253 273 196
0 N d LN d G d 0 N d
.960 872 804 68 940 -68 867 5 | 778 700 78
.920 736 745 -9 818 -82 776 60 | 749 644 105
.880 733 699 34 736 -3 715 18 | 671 604 67
.840 676 667 9 680 -4 671 5 1525 572 -47
.800 667 639 28 640 27 635 32 | 493 550 -57
I+ 139 27 120 250
I- -9 -157 0 -104
Abs 148 184 120 354
0: observed
N: normal distribution
LN: log-normal distribution
G: gamma distribution
d: difference between observed and computed values.
(=), computed value is higher.
*f = EEI where: f = assigned frequency; m = rank of

Phong Saly (20 years)
(rainfall mm)

Sept.

LN d G d 4]
362 5 323 44 | 1799
295 29 277 47 | 1690
257 4 250 11 | 1338
232 ~29 232 -29 | 1310
212 ~21 214 -23 1214

38 102

-50 -52

88 154

Pakse (26 years)
(rainfall mm)

LN d G d 0
840 -62 750 28 1791
715 34 644 51 1791
640 31 614 57 | 1768
587 -62 576 49 | 1670
550 -57 542 51 | 1562

65 190

-181 0

246 190

Where minus

datum; N = number of data.

1560
1468
1410
1355
1316

1905
1785
1705
1648
1595

May-Aug.

239
222
~72
-45
-102
461
~-219
680

LN

1580
1470
1400
1335
1290

LN

2210
1990
1830
1730
1640

d G

219 1560
220 1465
-62 1400
-25 1348
-76 1310
439

-163
602

-419 2055
-199 1875
-62 1760
-60 1680
-78 1610

-818
818

239
225
-62
-38
-96
464
-196
660

-264
-84

-10
-48

-406
414

2014
2002
1477
1378
1374

2284
2282
2242
2224
1997

1775
1673
1602
1545
1502

2407
2275
2173
2100
2023

May-Sept.

d

239
329
-125
-167
-128
568
-420
988

LN

1790
1665
1590
1520
1475

LN

2680
2425
2280
2170
2070

d

224
337
-113
-142
-101
561
-356
917

1765
1648
1573
1515
1472

2525
2333
2215
2125
2040

249
354
-96
-137
-98
603
-331
934

101
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SUMMARY OF DIFFERENCES BETWEEN FIVE HIGHEST OBSERVED AND COMPUTED RAINS

Station

Vientiane

Phongsaly

Kontum

Chiang Rai

Battambang

Kratie

Pakse

Attopeu

Luang Prabang

Nape

Sakon Nakon

Nd

123
0
123

179
112
291

176
55
231

179
0
179

147
0
147

208
0
208

139
9
148

315
0
315

102
30
132

207
0
207

498
31
529

August
LNd

0
75
75

181
72
253

132
32
164

13
87
100

70
0
70

25
129
154

27
157
184

145
32
177

0
339
339

249
0
249

244
42
286

Gd

34
14
48
203
70
273
172
25
197
75
17
92
130
130
111
115
120
120
279
279
13
119
132
192
192
405

29
434

Table 5-2

September May-August
Nd LNd Gd Nd LNd Gd
Rainfall (mm)
377 160 310 | 247 206 55
0 0 0| 215 469 264
377 160 310 | 462 675 319
132 38 102 | 461 439 464
64 50 52 | 219 163 196
196 88 154 | 680 602 660
42 23 80 29 214 -
35 159 29 | 169 133 -
77 182 109 | 198 347 -
236 25 135 | 476 261 326
0o 37 0 0 0 0
236 62 135 | 476 261 326
271 52 182 | 137 135 -
0 15 0 0 0 -
271 67 182 | 137 135 -
197 110 149 72 27 22
0 55 3 28 324 202
197 165 152 | 100 351 224
250 65 190 91 0 8
104 181 0| 147 818 406
354 246 190 | 238 818 414
73 7 18 | 447 498 523
56 154 70 0 89 19
129 161 88 | 447 587 542
188 0 71§ 243 0 107
0 236 33| 38 211 49
188 236 104 | 281 211 156
371 280 424 | 310 78 308
19 0 0 21 404 61
390 280 424 | 331 482 369
735 228 587 | 1481 1657 1617
0 12 0 432 200 249
735 240 587 | 1913 1857 1866

May-September

Nd LNd
170 34
8 95
178 129
568 561
420 356
988 917
134 113
13 0
147 113
380 243
0 49
380 292
213 121
0 0
213 121
176 166
79 174
255 340
200 54
149
349
563 698
0 21
563 719
5 0
178 804
183 804
482 362
143 174
625 536
2227 2450
1055 636

3282 3086

Gd

603
331
934

305

305

126

292

2423
537
2960



Station

Khon Koen

Loei

Chaiyaphum

Surin

SUMMARY OF DIFFERENCES BETWEEN FIVE HIGHEST OBSERVED AND COMPUTED RAINS

Nd:
LNd:
Gd:

Abs:

Table 5-2 (Continued)

September May-August
Nd LNd Gd Nd LNd Gd
Rainfall (mm)
186 27 77 | 440 400 420
0 82 0 49 57 44
186 109 77 | 489 457 464
160 31 112 | 1385 1517 1592
0 137 20 | 200 115 145
160 168 132 1585 1632 1737
162 43 169 | 187 21 132
0 60 0 7 16 10
162 103 169 | 194 37 142
130 0 65 | 194 9 74
18 327 123 0 45 8
148 327 188 | 194 54 82

Summation of differences

2849 3510 1089 2671
296 1505 330
3276 3806 2594 3001

Count of number of stations with total positive and negative bias

August

Nd 1LNd Gd
+ 197 47 129
- 7 72 8
Abs 204 119 137
+ 617 518 625
- 67 107 43
Abs 684 625 668
+ 298 205 271
- 47 67 32
Abs 345 272 303
+ 131 35 90
- 9 167 66
Abs 140 202 156

+ 3516 1891
- 367 1378 427

Abs 3883 3269
+ bias 15 8 14
- bias 0 7 1

difference between observed and computed from normal distribution

15
0

3
10

13
2

(13 stations)

6034 5113 5648
1356 2911 1653
7390 8024 7301

12 7
1 6

10
3
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May~-September

Nd

19
35
54

1451
481
1932

245
0
245

323
0
323

LNd

0
537
537

1385
351
1736

0
231
231

119
0
119

Gd

0
246
246

1480
382
1862

79
23
102

(10 stations)

5834 5557 5844
2397 3809 2460
8231 9366 8304

o]

w

difference between observed and computed from log~normal distribution

difference between observed and computed gamma distribution

Observed higher than computed

Observed lower than computed
Absolute (total) differences



Table 5-3

COMPARISON OF 100-YEAR VALUES BASED ON HALF THE DATA AND ALL DATA

Aug. Sept. May-Aug. May-Sept.
Station N LN G N LN G N LN G N LN G
100-yr value computed from 1/2 the data + 100-yr value computed from all data.

Vientiane 1.08 1.18 1.09 1.13 1.23 1.15 1.00 1.07 0.99 1.02 1.02 -
Phong Saly 1.10 1.11 1.10 0.92 0.82 0.87 0.97 0.97 0.96 0.99 0.97 0.97
Kontum 1.04 0.94 0.98 1.07 1.20 - 1.03 1.01 - 0.94 0.92 -
Chiang Rai 0.95 0.95 0.95 0.99 0.92 0.96 1.03 1.04 1.03 1.02 1.03 1.02
Battambang 1.02 1.06 1.03 0.94 0.92 0.93 0.96 0.96 - 1.02 1.03 -
Kratie 0.86 0.88 0.88 0.96 0.88 0.91 0.95 0.95 0.9 0.96 0.97 -
Pakse 1.03 0.93 0.88 1.02 0.91 0.97 0.98 0.84 0.89 0.93 0.83 -
Attopeu , 1.03 1.12 - 1.05 0.89 0.96 1.05 1.07 - 1.08 1.11 -
Luang Prabang 0.99 0.97 0.97 1.10 1.02 1.04 1.01 0.94 0.97 0.97 0.94 0.93
Nape 0.87 0.83 0.84 1.04 1.00 0.91 1.00 0.99 0.98 1.08 1.11 -
Sakon Nakhon 0.93 0.97 0.93 0.95 0.88 0.95 1.11 1.12 1.13 1.10 1.09 1.10
Khon Kaen 1.10 1.05 1.07 1.08 1,11 1.09 0.90 0.90 - 0.97 0.90 -
Loei 1.07 1.05 1.05 0.90 0.83 0.87 1.10 1.05 1.06 0.85 0.85 0,87
Chaiyaphum 1.17 1.25 1.19 0.97 0.98 0.96 1.06 1.08 1.06 1.03 1.06 0.98
Surin 0.96 0.89 0.93 0.97 0.94 0.95 0.97 0.95 0.96 0.95 0.93 -

Average ratio 1.01 1.01 0.99 1.01 0.97 0.97 1.01 1.00 1.00 0.99 0.98 0.98

Number of sta-

tions where

ratio is greater

than 1.00 9 7 6 7 5 3 9 7 4 7 7 2

N: normal distribution
LN: 1log-normal distribution
G: gamma distribution

%01
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Table 5-4

RATIOS OF 100-YEAR TO MEAN RAINFALL

Period Average of Station Average Weighted by  Adopted Number of
Ratios Years of Record Ratio Stations
1 100 X100 ¥
¥ Ox IXY
May-August 1.74 1.72 1.8 71
May-September 1.64 1.66 1.7 71
August 2.48 2.47 2.5 71
September 2.55 2.59 2.6 75
XlOO = 100-year rainfall
X = mean rainfall
N = number of stations
Y = years of record at a station
Table 5-5
RATIO OF MEDIAN RAINFALL (xz) TO MEAN RAINFALL (x)
Period Station Average* 100,000 km2
x2/ X /R (xz) / X,
A
August 0.94 665 .96
September 0.92 .665 .94
May-August 0.96 .51 .98
May-September 0.97 .51 .98

*Average of 70 stations.



Table 5-6

CORRELATIONS OF LOGS OF STATION RAINFALLS

Correlation Years of Record
Monthly Seasonal
May May May May
thru thru thru thru
Chiang Rai, Thailand, vs. Aug. Sept. Avg. Aug. Sept. Avg. Aug. Sept. Aug. Sept.

Stung Treng, Cambodia .00 .06 .03 -.19 -.18 -.18 38 38 36 36
Attopeu, Laos -.33 .62 .15 <24 .45 .34 18 18 16 16
Houei Sai, Laos .37 .43 .40 .25 .24 .24 30 30 29 28
Luang Prabang, Laos .20 .01 .11 .28 .23 .26 46 47 44 44
Nape, Laos .36 .15 .26 .22 .06 14 22 22 20 22
Pakse, Laos -.09 .31 .11 -.19 -.26 -.,22 23 26 23 23
Phong Saly, Laos .32 .32 .32 .07 .21 .14 20 26 20 20
Vientiane, Laos .28 .19 .23 .06 .12 .09 44 45 44 44
Xiangkhoang, Laos .16 .37 .27 .08 .14 .11 23 22 19 19
Mukdahan, Thailand .12 .01 .07 -.20 =-.,21 -.20 29 27 27 27
Nakhon (Sakon Nakhon), Thailand .14 .27 .22 14 .29 .22 50 49 46 46
Nan, Thailand .31 .34 .33 .26 .11 .18 52 52 51 51
Roi Et, Thailand .05 .40 .23 .03 .06 .04 53 53 53 53
Ubon Ratchathani, Thailand -.02 .30 .14 -.03 .02 -.01 54 50 53 50
Udon Thani, Thailand .31 .36 .34 .15 .17 .16 53 53 51 51
Kontum, Viet Nam -.13 .05 .03 -.21  -.11 ~-.16 19 18 15 15

Mean .20 .07

90T



Table 5-6 (Continued)

CORRELATIONS OF LOGS OF STATION RAINFALLS

Correlation Years of Record
Monthly Seasonal
May May May May
thru thru thru thru
Ubon Ratchathani, Thailand vs. Aug. Sept. Avg. Aug. Sept. Avg. Aug. Sept. Aug. Sept.

Veunesai (Virachei), Cambodia .38 .50 L44 .00 .16 .08 26 24 24 24
Stung Treng, Cambodia .28 .38 .33 .34 .20 .27 38 37 36 36
Attopeu, Laos .48 .16 .32 .40 .28 .34 18 17 16 16
Luang Prabang, Laos A4 0 =12 .01 -.02 -.16 -.09 46 45 44 44
Nape, Laos .40 .12 .26 .11 .35 .23 20 20 20 20
Pakse, Laos .60 .71 .66 .52 .61 .56 23 26 23 23
Phong Saly, Laos .18 .33 .26 .36 .29 .32 20 20 20 19
Vientiane, Laos .15 .10 .13 -.29 -.16 -,22 44 43 44 43
Xiangkhoang, Laos 14 .01 .08 .06 .00 .03 23 21 19 18
Chiang Rai, Thailand -.02 .30 .14 -.03 .02 -.01 54 50 53 50
Khon Kaen, Thailand .13 .35 .24 -.22 -,08 -.15 51 50 49 47
Loei, Thailand .09 .35 .22 .09 -~.00 .04 53 51 51 50
Mukdahan, Thailand .63 .36 .50 .50 47 .48 30 28 29 28
Nakhon (Sakon Nakhon), Thailand .12 .26 .19 .17 .18 .18 51 48 48 47
Roi Et, Thailand .39 .52 .46 .25 .33 .29 54 52 55 52
Surin, Thailand .41 .50 .46 .28 .18 .23 55 52 54 52
Udon Thani, Thailand .18 .12 .15 .20 .16 .18 54 52 53 52
Kontum, Viet Nam 55 -.21 .17 -.05 -.31 -.18 20 18 15 15
Mean .28 .15
Overall mean (both stations) .24 .11

L0T
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Tab

le 5~7

RAINFALL FREQUENCIES OVER MEKONG SUBBASINS (mm)

Area May-July
km2 Mean 2/M 2-Yr

Pakse to Kratie 101,000 970 .98 950
Thakhek and Ubon Ratchathani

to Pakse 68,000 830 .97 865
Above Ubon Ratchathani 104,000 630 .98 620
Luang Prabang Thakhek 105,000 1145 .98 1120
Chiang Saen to Luang Prabang 79,000 870 .97 845
Above Chiang Saen 189,000 580 .99 575

August September

Mean 2/M 2-Yr 100/M 100-Yr Mean 2/M  2-Yr 100/M  100~-Yr

470 .95 445 1.84 865 450 .95 430 1.89 850
400 .94 375 1.90 760 360 .94 340 1.95 700

240 .95 230 1.84 440 310 .95 295 1.89 585
435 .95 415 1.84 800 300 .95 285 1.89 565

360 .94 340 1.88 675 210 .94 195 1.93 405

235 .96 225 155 .96 150
Mean 2/M 2-Yr 100/M  100-Yr Mean 2/M 2-Yr 100/M  100-Yr
1440 .98 1410 1.35 1945 1890 .98 1850 1.31 2475
1290 .97 1250 1.37 1780 1650 .97 1600 1.34 2210

870 .98 850 1.35 1175 1180 .98 1155 1.31 1545
1580 .98 1550 1.35 2135 1880 .98 1840 1.31 2465
1230 .97 1195 1.37 1685 1440 .97 1395 1.33 1915
815 .99 805 970 .99 960

2/M -- ratio of 2-yr to mean

100/M -- ratio of 100-yr to mean
*Values estimated for this subbasin.



RAINFALL FREQUENCIES OVER COMBINATIONS OF

Table 5-8

MEKONG SUBBASINS (mm)

Area May-July
km2 Mean 2/M 2-Yr
A+B+C+D+E (above Kratie) 457,000 905 .99 895
B+C+D+E (above lower Pakse site) 356,000 885 .98 865
B+D+E (above upper Pakse site) 252,000 990 .98 970
*E+F (above Luang Prabang) 268,000 665 .98 650
August September
Mean 2/M 2-Yr 100/M 100-Yr Mean 2/M 2-Yr 100/M 100-Yr
A+B+C+D+E 380 .99 375 1.49 565 330 .99 325 1.52 500
B+C+D+E 355 .98 350 1.52 540 295 .98 290 1.55 455
B+D+E 400 .97 390 1.55 620 290 .97 280 1.58 460
XE+F 270 .97 265 1.51 400 170 .97 165 1.59 270
May-August May-September
Mean 2/M 2-Yr 100/M 100-Yr Mean 2/M 2-Yr 100/M 100-Yr
A+B+C+D+E 1285 1.00 1285 1.18 1515 1615 1.00 1615 1.16 1875
B+C+D+E 1240 .99 1230 1.20 1490 1535 .99 1520 1.18 1810
B+D+E 1390 .98 1360 1.22 1695 1680 .98 1645 1.20 2015
*E+F 935 .98 920 1110 .98 1085

2/M -- ratio of 2-yr to mean
100/M -- ratio of 100-yr to mean
*Values estimated for this combination

109
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Table 5-9

SUBBASIN STREAMFLOW CORRELATIONS

MEKONG RIVER

Subbasins Correlation of Logs Years of Record
Aug Sept Avg Aug Sept
A vs. B .71 47 .59 18 19
C 42 .25 .34 18 19
D .22 .00 11 17 17
B+C .62 .50 .56 25 26
B+C+4D .59 .19 .39 17 17
B+D .56 .15 .36 16 16
B+C+D+E+F .43 .26 .35 25 26
D+E+F .15 -.05 .05 25 26
E+F .17 -.24 -.03 18 17
B vs. D .29 .18 .24 16 17
D+E+F .13 .15 .14 18 20
E+F .25 -.18 .04 16 17
B+C vs. D .29 .16 .22 17 18
DHE+F .08 .19 .14 25 27
E+F .07 -.13 -.03 17 18
B+C+D vs. E+F .18 .13 .15 18 18
B+D vs. C .56 .35 .45 17 17
Cvs. D .39 .11 .25 17 17
E+F .55 -.03 .29 17 17
D vs. E+F .25 .32 .28 18 18
Subbasins
A. Pakse to Kratie
B. Thakhek and Ubon Ratchathani to Pakse
C. Above Ubon Ratchathani
D. Luang Prabang to Thakhek
E. Chiang Saen to Luang Prabang
F. Above Chiang Saen



Table 5-10

COMPARISON OF SUBBASIN 100-YR TO MEAN RAIN RATIOS BY TWO METHODS

Month or Season

Aug Sept May-Aug May-Sept For Method B
Subbasin#* A B A B A B A B No. of Sta. Yrs. of Record
(100787 *a
Above Ubon Ratchathani (C) 1.84 1.92 1.89 1.90 1.35 1.33 1.31 1.30 6 44
Luang Prabang to
Thakhek (D) 1.84 1.80 1.8 2.00 1.35 1.31 1.31 1.29 5 30
Chiang Saen to
Luang Prabang (E) 1.88 1.73 1.93 2.02 1.37 1.43 1.33 1.36 3 28
Chiang Saen to
Thakhek (D+E) 1.65 1.68 1.76 1.71 - - - - 6 23

A -- correlation method

B -- direct average
* gee figure 5-7

method
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Table 5-11

PATTERN 1 SEQUENCE OF RAINFALL EVENTS EXCLUDING TYPHOONS

Drainage Basin

Chiang Saen to Chiang Saen to Chiang Saen to
Luang Prabang Site Pakse Site Sambor Site
(79,000 km?) (252,000 kn®) (457,000 kn®)

May 1-July 31 s
2-yr rainfall (mm) 845 970 895

(from tables 5-7 and 5-8)

August 20-yr

rainfall (mm) 550 540 500
(from figure 5-12)

September 100-yr

rainfall (mm) 405 460 500
(from tables 5-7 and 5-8)

484



Table 5-12

PATTERN 2 SEQUENCE OF RAINFALL EVENTS EXCLUDING TYPHOONS

Drainage Basin

Chiang Saen to Chiang Saen to Chiang Saen to
Luang Prabang Site Pakse Site Sambor Site
(79,000 km?) (252,000 kn®) (457,000 kn?)
May 1-Aug. 15
2-yr rainfall (mm) 1015 1165 1082

(May 1-July 31 2-yr values plus 1/2 of August 2-yr from tables 5-7 and 5-8)

Aug. 16-Sept. 14
100~-yr rainfall (mm) 540 540 532

(Average of 100-yr values for August and September from tables 5-7 and 5-8)

€Tt
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Table 5-13

SEQUENCES OF TYPHOON RAINFALLS

3-Day Track Separation

Prior storm, 50% factor

PMP storm, 1007 factor

4-Day Track Separation

Prior storm, 65% factor

PMP storm, 1007 factor

{Sept .

Table 5-14

15
16
17

18
19
20

15
16
17
18

19
20
21

2d heaviest day
heaviest day
3d heaviest day

3d heaviest day
heaviest day
2d heaviest day

2d heaviest day
heaviest day
3d heaviest day
normal rain

2d or 3d heaviest day
heaviest day
3d or 2d heaviest day

ISCHYETAL LABELS FOR COASTAL PMP

Isohyet
(See fig. 3-11)

HInOMMEUTOOW

Isohyet Value
(mm)

541
366
234
173
135
119
109
102

Isohyet Area
km?

2260
11,170
29,690
56,420

103,730
139,650
184,160
245,170



Table 5-15

ADJUSTMENTS FOR TYPHOON PMP IN SUBBASINS ABOVE THE DAM SITES

Combined Typhoon Adjusted PMP* for 2d and 3d
Adjustment Heaviest Rain Day
(from fig. 3-8) 2d day  3d day
Dam Site Subbasin (%) (mm)
Luang Prabang Drainage from
Lat. 24°N to
Luang Prabang 55 72 61
Pakse Luang Prabang to Pakse 82 107 90
Sambor Pakse to Sambor 93 121 102

*Adjustment times 130 mm and 110 mm, respectively.

ST1
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Table 5-16

SUGGESTED LOCATIONS OF PRIOR STORM FOR FIRST HYDROLOGIC TESTS

Dam site:

Luang Prabang Pakse Sambor

Prior storm location

Drainage between 24°N Same as for Luang Drainage between Luang
Lat. and Luang Prabang Prabang site Prabang and Pakse
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ment of correlation coefficient
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APPENDIX

ANALYSIS OF IMPORTANT TROPICAL STORMS AFFECTING THE
LOWER MEKOKNG BASIN

Introduction

A survey of the record of typhoons and other tropical disturbances
(2-3, 2-7, A-1) highlights a few typhoons which produced large rainfall
amounts in the Lower Mekong. Two of these important storms were Tilda of
September 21-25, 1964, and Vae of October 20-22, 1952, A third storm,
typhoon Violet of September 14-17, 1964, was important for providing large
rainfall amounts antecedent to Tilda.

Vae was particularly noteworthy as a severe storm at an unusually low
latitude. Tilda, on the other hand, was a more prodigious rain-producer
over large areas. This fact, combined with the greater abundance of pre-
cipitation data in this more recent storm, resulted in a more detailed
analysis of the rainfall for Tilda.

The tracks of the O ctober 1952 storm and the two storms of September
1964 are shown in figure A-1. Surface and upper-air weather maps, along
with other sources of data (e.g., (2-3)), were used to define the smoothed
storm paths.

Discussion of October 20-22, 1952 storm

Four typhoons affected Thailand in October 1952 but Vae was by far the
most important. The discussion by the Thailand Meteorological Department
emphasizes the unusual character of typhoon Vae. Vae moved westward in the
China Sea on October 18 and later southwest at about 10 knots. Figures A-2
through A-4 show the surface and upper-air (approximately 6 kilometers)
weather features of the storm,

The storm on the 20th had winds of about 40 knots. On the 21st it
passed approximately 100 kilometers north of Saigon on a westerly track.
On the 22d it passed close to Bangkok where a minimum pressure of 998.2
millibars was observed. Wind reached 49 knots at Bangkok and 53 knots at
Sattahip on the east coast.

One-day rains amounted to 111 mm at Bangkok, 303 mm at Sattahip and
337 mm at Chantaburi.

It is instructive to make a comparison of the observed daily rains
with what has been observed in an area affected by the passage of many hur-
ricanes. Only 12 of 119 stations in the State of Florida, U.S.,A. have
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experienced more than 337 mm of rainfall in a day (A-2) in spite of the
large number of hurricanes that have affected the area. This points up the
unusual nature of typhoon Vae for its latitude of occurrence.

Storm rainfall analyses

A primary purpose of a storm rainfall analysis is to obtain the maximum
areal rain depths that occurred for selected durations. This is often
termed a storm depth-duration-area (DDA) analysis., The procedure for carry-
ing out such analyses is described in (A~3) and (A-4). 'In summary, it
consists of drawing a total storm isohyetal map, and determining the largest
areal average depths for selected time periods during the storm.

The usual procedure followed for the latter purpose is to construct
mass rainfall curves (accumulated rainfall vs. time) for all reported rain-
fall totals within some selected minimum isohyet on the iscohyetal map. An
average mass curve is then constructed for all the stations within each
isohyet, from the one with the greatest magnitude (inclosing the smallest
area) to the one with the selected minimum magnitude (inclosing largest
area). Each average mass curve is then adjusted by multiplying by the
ratio of the total-storm average depth within its isohyet, determined from
the isohyetal chart, to the total-storm depth of the mass curve before
adjustment. From these adjusted mean mass curves, 6-hr incremental values
are read and used to obtain maximum depths for 6, 12, 24, etc. hours.

After this is accomplished, largest areal depths for durations wuci as
6, 12, 24, etc., hours for areas within various storm isohyets can be selec-
ted and plotted on a graph and the maximum depths for the different area
sizes smoothly enveloped for each duration (for example, see figure 3-3).
Reading off values from such a chart at standard area sizes results in a
table such as table A-1. A catalog of these data for all major storms in
a region is basic to many hydrologic problems, For the present study it
was only possible to select and analyze a few storms that appeared to be
the most critical.

September 21-25, 1964 storm (Tilda). The total-storm isohyetal map is
shown in figure A-5. Figure A-6 gives the rainfall stations. The isohyetal
analysis was terminated at the major mountain ridge between Laos and Vietnam.
Rains at coastal Vietnam stations appear deficient relative to rains in
Thailand and no rain amounts are available for the coastal slopes. A sim-
ilar cutoff of lesser importance was used on the western boundary.

Hourly rainfall values were available for 10 stations in Thailand.
These stations are underlined on figure A-5. Almost all of the rain at
these stations fell in approximately 36 hours, on the 22d and 23d, with
little rain for several days before and after. The shape of the mass curve
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at all of these recorders is similar, but with an evident progression toward
the west in the timing of the main rainfall burst., Therefore, the central
and western portions of the total-storm isohyetal map were broken down into
shorter time units of rainfall, in the manner described in reference (A-4)
by use of a single standardized mass curve derived by averaging the record-
ers, but with a smooth progression in starting time of rainfall from east to
west along the storm track.

Farther east, the rains were more uniform and spread over about six
days between the 19th and the 25th., The timing of individual bursts was
more chaotic. The time breakdown of rainfall here was based on mass curves
obtained by direct average of groups of stations and some smoothing but no
specific progression along the storm track,

Table A-1 gives the maximum depths for standard durations and areas
derived by this analysis.

October 20-22, 1952 storm (Vae). An isohyetal map for typhoon Vae for
the storm period of October 21-22, 1952, is shown in figure A-7. Although
admittedly uncertain, an estimate was made of the overwater precipitation
(not shown) from this storm in order to complete a reasonable isohyetal
pattern.

Because of the limited amount of rainfall data in this storm, a detailed
DDA analysis was not carried out, Instead, one- and two-day isohyetal maps
were constructed independently by five meteorologists, and one- and two-day
depth-area curves computed. Averages of the five resulting fairly con-
sistent sets were used as representative of what occurred. Depths for
standard areas of this storm are shown in table A-2,

September 14-17, 1964 (Violet). The total-storm isohyetal map for this
storm is shown in figure A-8. Timing of rain was determined in a manner
similar to that for Tilda. Hourly data were available for the same stationms.
Table A-3 gives maximum DDA values for the storm.
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Table A-1

MAXIMUM RAIN DEPTHS FOR TILDA, SEPTEMBER 21-25, 1964
(Thailand and Laos)

Area Duration (hr)

Km’ 6 12 24 36 48 72
Depth (mm)
1000 165 282 385 412 427 470
2000 130 240 352 380 395 438
3000 112 219 336 364 378 420
5000 100 200 315 345 356 396
16,000 90 179 283 315 326 362
20,000 75 155 245 278 290 329
30,000 70 140 222 252 266 305
50,000 62 119 186 216 230 273
100,000 50 83 123 150 180 225
200,000 35 59 82 104 130 170
300,000 28 45 65 81 100 130
Table A-2

MAXIMUM RAIN DEPTHS FOR VAE, OCTOBER 21-22, 1952

Duration
Area 1-day (24 hr) 2 days (48 hr)

sz Depth (mm)
2000 305% 382%
3000 292 378
5000 275 370
10,000 245 355
20,000 207 332
30,000 180 315
50,000 147 287
100,000 98 225

* = estimated
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Table A-3

MAXIMUM RAIN DEPTHS FOR VIOLET, SEPTEMBER 14-17, 1964
(Thailand and Laos)

Area Duration (hr)

sz 6 12 24 36 48
Depth (mm)

1000 95 120 170 205 215
2000 90 114 163 196 208
3000 88 110 160 190 200
5000 82 105 153 184 193
10,000 76 98 143 172 182
20,000 68 89 130 159 169
30,000 61 81 121 150 160
50,000 53 73 110 135 145
100,000 40 56 88 110 125

200,000 20 35 58 80 96
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