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- APPENDIX A. METEOROLOGY AND HYDROLOGY

A-l - Meteorology

. " The Sebai-Sebok basin has a tropical monsoon climate ws.th a

'pronounced dry season. The rainy season extends from May to October.
Annual rainfall varies from about 1,800 mm in the southeastern part to about
1,400 mm in the northwestern part of the basin with an average of 1,600 mm,
Monthly average rainfall is highest in August and lowest in January.

" Cyelonic storms originated in the South Chaina Sea and the Pacilic
Ocean sometimes enter Thailand mostly during the period of September
through November. 'The storms diminish in intensity as they come across the
Indochina Peninsulg, but bring heavy rainfall to the basin as troplcal storms or
tropical depressions.

The mean monthly temperature varies from 30°C in April to 23°C in
December (Uhon Ratchathani), a range of only 7°C. The monthly mean relative
humidity of Ubon Ratchathani for 30 years had an average of 73 percent with
the lowest in March of 62 percent, while the highest took place in September, 83
percent. Maximum mean monthly evaporation of 216 mm oceurs in March and
minimuarn of 129 om in September in Ubon Ratchathani, respectively. A list of
metecrological stations isgivenin Table A—

Reference cmp evapotransplratwn (ETo) is computed as shown below,
based_ on tther Modified Penman Method as recommended by FAO (1977),
applying it to the Ubon Ratchathani climatological data.

Reference Crop Bva transpiration (ETo
Unit Jan. Feb, Mar, Apr, May Jun. Jul. Auz Sep, Ogt. Nov. Dec. Total

mmfday 45 52 64 66 56 48 61 46 44 50 50 43
. mmimon. 140 146 109 197 172 143 157 143 132 153 148 137 1862




A2, Hydrology
A-2-1, Rainfall

A pumber of the rainfall gauging stations are located in the Sebai.
Sebok basin as shown in Figure A-2. However, most of rainfall stations have
~ only observation of daily rainfall, and afew rainfall stations locating in Muang
Ubon Ratchathani have observation of hourly rainfall. - Thus it is rather
difficult to grasp the hourly rainfall in the catchment area of the proposed
reservoir for the estimation of the flood discharge. - L

(1)  Annual and Monthly Rainfall

The rainfall stations for each project were selected by the Thiessen
polygon, and some missing data were supplemented with the available daily
record at nearby other station. The annual and monthly rainfall of each project
for 20 years (1968-1987) is tabulated in Table A-3 and summarized as below;

Selected Rainfall Siation

Rainfall Si;ation (Code Number) -

Project for Catchment Area for Service Area
Lam Se LoengNokTha  (72042) VoengNokTha  (12042)
Huai Khum Kham Trakan Phutphon (67082)  Trakan Phutphon (67082)
Huai Kham Phak Wan _do- - (67082) o (67&)82) '
Huai Na Khai SiMuangMai  (67112)  SaSamingTank = (67270)
Huai Soob -do- (67112)  SiMuangMai = (67112)

Average Monthly Rainfall , RN
_ . - (Unit: mm}
Rainfail ;
Station Apr. May. Jun Jul Aug. Sep. Qct. Nov. Dec Jan. Feb. Mar Total
72042 60 219 283 =294 380 275 8T 7 04 60 60 1T 1641

67082 71 231 295 284 406 286 99 15 11 11 62 19 1714

67112 66 196 824 301 395 267 82 13 10 22 13 - 11 1799
67270 71 198 290 264 403 302 101 19 83" 29 74 13 1,673




A notlceable feature of rainfall in the projéct area is its poor correlation.
at dlfferent gauges, showing. that on daily basis one gauge may have heavy
rainfall, but another nearby none, Even on a seasonal or annual basis, the

rainfall correlations are still poor. Particular attention is paid to the dry
' permds which frequently occur in June or J uly normally lasting 15 to 20 days
and cause shortage of water in the basin,

@ - Daily Rainfau

The frequency analysis of the daily rainfall records is normally required
for the estimation of floods for designing the spillway of the storage dams. The
computed probable rainfalls by Iwai’s Method for each project are as follows;

Probable 1-day Rainfall

(ﬁﬁit: mm)

| |  Return Period (year)
~ Project. . . 10 20 50 100~ 500
BA-5: Lam Se 151 174 196 225 248 501

BO-11: Huai Khum Kham
~ BO-13: Huai Kham PhakWan
" BO- 18 Huai Na Khai

T1-6: Huai Soob

150 179 208 248 281 362

165 180 202 - 232 253 . 804

Probable Consecutive Rainfall with a Return Pericd of 500-year-

_ o (Unit : mm)
Project 1-day 2.-day 3-day
. BA B LamSe g P 301 ' 3b1 Co 3h4
; BO—11 Hua1 Khum Kham - 362 i44 458
BO 13 Hual Kham Phak Wan
BO-18; Husi Na Khai 304 W 477

" TL-8 : HuniSoob

{3) - Hourly Ralnfali

, In order to estzmate the demgn ﬂood for the dam of each Project, the
hourly data at Muang Ubon Ratchathani synoptlc station were analyzed and



rainfall intensity equation has been derived by applymg spenﬁc ccefficienf;
method as described below; e

I =Rvg4/ 2438’/ (t+b)

b =( 24 - Prext )/ (BM-1)

JUg? = 24R"% / R"o4

a =h-+24

where 7
™ . rainfall intensity for t hour with a return period of n-year

{mm/hr) _
Rtgs : rainfall intensity with a return period of n-year for 24
~ hours (mm/24hr) N - _ |
R :+  rainfall intensity with a return penod of n-year for t hcurs
' (mm/hr) _

B :  specific coefficient deﬁned by the ratio of R“t and R"24 with’
| a return period of n-year

When the data of 1-day and 1 hour ramfall are avmlable, the above
equations are expressed below;

I =Rrg4/24xa’/(t+D)
b =(24 - o)/ (P™-1)
B =24R"1/R"24
¢ =h+24
then, f=a’/(t+Db) L =RPo4/24 x ﬁ

where, B: specific coefficient equation

Thus, various specific coefficient equations were deriired a8 shown
below and were applied to the estimation of hourly rainfall over the catchment
area by utilizing the data of probable 1-day ramfall :

Specific Coefficient Equation (§ [.

Return : o Co
Period Rio, B, 24Rny- fiiny b a B
(yrs) (mmv/day) (mm/hr) S : L
5 135 71 1,704 126 1.0 250 25.0/(+1.0)
10 158 80 1,920 12.2 1.1 0261 28.1/(6+L1)
20 181 87 2,083 11.5 1.2 952 - 262/(+1.2)
50 214 95 2,280 107 14 254  254/(t+1.4)
100 240 101 2,424 101 15 268 25.6/(c+1.5)

500 . 308 113 2712 . 89 19 259  26.9/(+1.9)



. A-2 2 River Runoff
( 1) _ | Ralnfall Runoff Relation

Observed river runoff and annual runoff coefficients with a basin wide

areal rainfall at six stream gauging stations are compiled on water year basis
from Apml to March in 'I‘able A-4 and are summarized as follows;

An_nual Ralnfall and Annual Runoff Coefficient

Stream g " Average  Average Aberage Annual Observed

Gauging  Catchment Annual Annual Runoff Period of
Station . Area Rainfall Runoff Coefficient Runoff -
(sq.km) (mm) (mm) (%) |
M3 1,654 1,521 455 3 196585
M.32A 1,536 1,422 343 24 196812
M.69 2,132 1,567 642 41 1971’86
o Mas2 101 1,546 390 25 1986
M4 382 1,808 . 839 48 1987

COMA2T . 44 1,794 649 36 1987

‘T should be noted that the rami‘all durmg the period of April to Juiy
‘Would be completely absorbed into the ground and paddy field, Due to this
absorption and rare occurrence of highly intensive rainfall in the early rainy
season, peak runoff would mostly occur during the period of August to
September. The response of the catchment area to rainfall is rather insensitive
and river runoff would continue for two or three days after stop of rainfall,

(2)  Runoff Analysis

There are 10 water gauging stations in the three basins, and discharge
data are available at the six stations, of which three stations of M32 and M32 A
are in the Sebai basin and M69 in Sebok basin covering a big watershed area of
more than 1,500 sq.km, They have discharge data for a relatively long period.

But the data length of discharge of the other three stations of M127, M132 and
M141 which have smaller watershed areasin the Sebok basin is quite short,

The direct runoff meaburement for a long term at the five proposed
damsites is not available to date. The runoff at the five proposed damsites has -
been synthesized by establishing the proper runoff model and then applying a
rainfall to the model. In this study, 10-day runoff on the basis of daily rainfall
has been reconstructed.



The catchment areas of pxoposed reservoirs are less than 40 sp. km as
shown in the table below and lie in hilly land with gentle slope covered wu;h
sparse and tall trees. The catchments have a characteristic of big variations in

discharge on a daily , seasonal and annual bages.

Feature of Catchment

: Catchment . River River

Project - e Ares -~ _Length _Slope
o (sq.km) (km) S

BA- 5 : lam Se 224 6.0 - 1/270
BO-11 : Huai KhumKhem 368 121 1/230
BO-13 : Huai Kham Phak wan 135 5.0 . '1/330.
BO-18 . : HuaiNaKhai 31.3 - 7.8 1/180
Ti~ 6 : HuaiSoch 18.5 8.2 1/100

For the development of the runoff model dlscharge data at M132
stream gauging station with a record length of one year in 1986 and catchment
area of 101 sq. km, the smallest among the catchment areas. of existing six
stream gauging stations was adopted considering the similarity of basin -
characteristics such as the size of catchment, land use, topography and geology.

As a runoff model, the Tank—model method developed by Dr Sugawara
was adopted. The runoff module of tank-model was decided after several trials
as shown in Figure A-4. The runoff estimated by applymg the tank model
method was illustrated in Figure A-5. Asseen in the figure, there is not much
difference between estimated and observed runoff in the observation period.
The long-term runoff at each dam site was estimated on a daily basis by
applying rainfall data selected by Thiessen polygon as shown in Figure A-2.
The annual rainfall, runoff and runoff coefficient for last 20 years at each
propoesed damsite are summarized as follows;



Annual Runoff Coefficient

, Runoff Coefficient (%)
: P . .. -Average: Annual - . _

- .rogect_ _ Rainfall .~ Runoff. - . Range Average
R | (mm) - (MCM) _ ,
lam8e - - 1,641 135 26.5-45.2 36.7
Huai Khum Kham 1,714 23.3 25.8-49.0 37.0
Huai Kham Phak Wan 1,714 8.5 25.8-49.0 37.0
Husi Na Khai 1,670 201 22.2-556.7 38.4

Huai Soob L 1,670 119 22.2-56.7 384

- The annual éﬁ& monthly runoff a éach proposed damsite are tabulated
‘on Table A-5 and Figure A-6. :

- A-2.3, Flood Dzscharge Analysis
1. Cnterla on Frequency of Demgn Flood

Observed 'ﬂood records at the stream gaugung station were not
" available because record length is too short to estimate the design fiood. Thus,
it has been made by analytical method using rainfall record, The flood analysis
‘has been made by applying the runoff-function method which is a kind of unit-
‘hydrograph metnod. ‘Return ‘period of the design flood in accordance with the
type of structure was dicided based upon RID’s criteria as shown below;

- Criteria of Frequency on Design Flood

" Type of Structure ~ Fregquency
SV S (year)
: Emérgency Spillway 500

Service Spillway - 100



(2) Design Flood
a) Estimation Method of Design Flood

Runoff-function method by Dr. Senchl Satho was apphed for the
estimation of probable flood. In the method, the direct flood
discharge caused by rainfall of r (mm/hr) during a umt tlme (to
hr),can be expressed by the following equations, -

Q=0.2778 Afr[e‘*”(at-&-l} e % (at +1)]
=0,2778 -Afr-D

=ty

Where;
A: catchment area (sq.km)
f: runoff coefficient
r: rainfall in unit time (t,) for calculatmn
a: flood modulus definited by the fol lowmg equatmn
2=2.30 log [tp/(tp-1)1 - ' -
tp : flood concentration time thr) obtained by Lumha
formula
tp=1/(3,600V)
V = 20(H/L)0-6

river length from the origin (m)
average velocity of river flow(mvsec)
:-height difference in the section of L (m)
distribution rate of discharge

: unit time for calculation(=1.0 hr)

?pmsr

And the runoff caused by a _Iong-teﬁn rainfall can be prﬁdﬁéeﬁ by
synthesizing direct runoff in unit time expressed in the above
equations.

b) Flood Concentration Time (tp) snd Flood Modulus (a).

Flood concentration time for the each damsite which is obtained by
Luziha formula and flood modulus computed are shown as follows;



Flood Concentration Time (tp) and Flood Modulus (a)

_ o Rivar Flevation
. Project Length  _ Ey By, v_ tn )
L o (k) (m)  (m) {ms) (hr) (hr")
LamSe 6.0 196 174 0.69 24 0.538
Huai Khum Kham - 120 208 185 071 . 43 0.264
Huai Kham Phak Wan 50 160 145 0.61 2.3 0.570
HuaiNa Khai N 168 125 0.89 2.4 0.538
Huai Soob 8.3 230 150 1.23 1.9 0.746

) Des1gn Ramfali

Dally Arrangement of Des1g‘n Ramfall

3:day consecutive rainfall and 1- day rainfall were used for the

~ estimation of design flood with a return period of 500-year and

100-year respectively, then the former rainfall was arranged on
a daily basis in the most critical pattern for the safety of dam as

follows, taking into consideration lasting permd of flood caused

by a unit ramfall

.F1rst day :  (8-day rainfall less 2- day rainfall )

Secondday : (2-dayrainfall less 1-day rainfall )
Thirdday : (i-dayrainfall )

Daily Ar‘rangemen't'of 3-day Censecutive Design Rainfall
SR (unit : mm)

Project . _1st Bay 2st Day 3rd Day Total -

LamS8e . 3 56 301 354
Huai Khum Kham - 14 - 82 362 458
Huai Kham Phak Wan 14 82 362 . 458
‘Huai Na Khai 70 103 304 477
Huai Soob 70 103 304 471

Hourly Arrangement of Design Rainfall

_ ,'For' fhé' :e.s'tiriiatibn' of rhourly rainfall, the specific coefficient
eqnatmn (i) obtamed in the previous paragraph of A-2-1 was

applied to the development of rainfall intensity equations for

each preject, The calculated results are as follows;

" Inthe h'bﬁ'fly"airangenient of a maximum 1-day rainfall, central

heading type s distribution was adopted and for the other 2-day
in a maximum 8-day consecutive ramfall rear-headmg type'’s
one was adopted as shown in Figure A-7.



Rainfall Intensity Rquations

{Unit: mm)
Projeet: RP.=100yrs.  _ R.P.=b00yrs.
Lam Se 264/ (t+1.5) . 325/(t+1.9)
Huai Khum Kham 208 / (t+1.5) 391/(t+1.9)
Huai Kham Phak Wan - T _
Huai Na Khai 269/ (t+1.5) 328/(t+1.9).
Huai Seob

d) Design _Floéd at Proposed Dam Site

Design flood hydrograph with a return period of 500- and 100-year
derived from the previously obtained unit hydrograph and rainfall
are shown in Table A-6 and A-7, and Figure A-7 and A-8, '

The other probable floods with the séme runoff coefficient of peak
discharge of design computed by the runoff-function method are
obtained by the rational formula as shown in the next table.

Peal Discharge for Each Project

~ (Unit :cu.m/s)
Return Huai Huai Huai
Period Khum Kham Na Huai
(yrs) LamSe Kham PhakWan  Khai Soob
5 151 137 95 o217 168
10 171 161 - 110 C 246 00 189
20 188 184 125 270 207
50 205 214 142 297 226
100 222 239 157 316 - 239

500 257 308 192 362 a0

A-2-4, Design Sediment

There is no sediment data observed in the Sebai-Sebok bagin. While, in
the basin, there exist two medium scale irrigation projects under construction ;
Huai Sabaek and Huai Ling Jhon, The design sediment yields of both dams are
around 120 cu.m per sq.km per year, " | o I

| Since the watershed areas are smaller than those of above projects, the
design sediment yield of 150 cu.m per sq.km per year is adopted for each project
and the useful life of each reservoir has been taken at 100 years in accordance
with the criteria of above two reservoirs. =~ |
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Design Sedimént&i:éld of under-Construction Dam

_‘C_'atc_hment Dead :
Reservmr . Area  __Btorage  Sediment Yield
> “(sg.Jem) - (MCM) (cu.m/s/sq.kmfyr)
: Huai Sabaek 49 0.6 122 '
R _Hual Ling Jhon - B2 0.6 115

-A—2 5 Water Quahty

In the course of field survey, the water quahty mvestxgatxon of surface
water at five proposed dam sites was carried out. The observed figures are as
follws.. As a result, there is no problem fer irrigation use in terms of electric
conductlvxty (EC) and pH.

_ ater Quahtiof Surface Water at Flve Dam S1tes
: Prdiect Tur. BC_ oH DO T

: , (PPM)  (p.mho/em) - (PPM) °C)
Standard : - -L.T.250 6.5.9.2 M.T.5 -
LamBe : - 48 73 7.5 6.13 375

: Hua1KhumKham ' 4 : 55 Y C7.02 33.0

 HugiKhamPhakWan = 45, 35 81 8.91 315
Huai Na Khai g 5 . BT 7.6 5770 36.0
HuaiSoob 2 35 88 5.68 30.5

(Note)  Tur: Turbidity - EC : Blectric conductivity

DO : Dissolvedoxygen T : Temperature
Sampling was made for peried June 19 to June 22, 1989,
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TABLE A-1

CLIMATOLOGICAL DATA AT UBON RATCHATHANI

A-12

Station UBON RATCHATHANI Elevation of station above MSL, 123 meters
Index Station 48407 Height of barometer above MSL 127 meters
Latitudes 16°15°'N. Height of thermometer above ground 1.50 meters
Longitude 104°52'E. Hight of wind vane above ground  15.00 meters
_ Height of raingauge L 0.80 meters
JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | ROV | DEC | YEAR
Pressure (+ 1000 or 900 mbs. ) . B E SO o
Mean 18.56] 11.59] 09.99] 08.37| 07.06] 06.07] 06.02] 05.88] 07.44] 10.13| 1243 13.68) 00.35|"
Ext. Max 25.20| 23.32] 23.28] 20.56] 14.63] 13.35] 13.45| 13.73] 16.13} 18.36] 21.46) 23.45| 26.20
Ext. Min, 03.41 [ 01.05] 00.99 98.00| 99.82] 96.15] 96.57} 97.33] 97.46| 61.835] OL7S| 04.24) 96.15
Mean daily range 5.14] 60| 574 5.56] 4.96) 428] 4100 421} 4517 452 442 464  431)
Temperature (°C) RS S
Mean o251 250| 286| 206! 28.8] 281 276| 272 270| 265 250| 234 268
Mean Max 309! sss| sa4| 859] 344 s2n| 320 314 312| 31.8] 30.7| 30.17 324
Mean Min, 168] 10.4] 224] 243 246 244] 241] 238] 237| 22.4] "200] 176/ 220
Ext. Max 36.0] 38| 40.2] 41.3] 41.0] 385] 362] 78| 346) 34.8| 353| 349! 413
Ext. Min. 85| 107] 150] 169) 194 200 202} 20.7) 205) 157) 1387 8b] 85
Relative Humidity (%) ' _
Mean s5.0| 3.z 621] es1] 7s2| 795 80s] 827 83.2] 74| 7Ti8| €8.5] 729
Mean Max 867| 8s.7| si2| 631] s9.8| 22| o925 934 942| svs| 8v3| 872 88
Mean Min, 411 08| 413] 458] w56] 623 645 €69| 673 604 631 471} 539
Ext. Min. 220] 23.0] 200| 21.0] 820] 370] 470] 46.0| 420] 30.6] 26.0{ 250} 200
Dew Peint °C) . g e _ i
Mean 157] 176] 199( 219( 235] 208] 237 23| 236f 219] s8] 167f 209
Evaporation {mm.) ] o
Mean - Pan 1749] 1743] 216.) 210.8] 1840| 1619] 163.9] 161.7] 120.1] 16411 173.1) 173. 2076.9
Cloudiness (0-10) : ' o
Mean ael 43| 49| ezl 75| 83 83 88 83 68| o2| 44] 64
Sunshine Duration (hr)
Mean ' 2925 | 261.3] 269.6| 257.2] 244.3] 194.4] 201.5] 170.5) 165.2) 293.8{ 260.8] 269.0] 2820.1
Visibility (km.) 1 '
0700 L.S.T. 75| 63; 69| 75 104] 110[ 108] 104] i02[ 107] 104] 91| 92{
Mean 105 85 74 89| 117f 120 119 115 11.5| 12.2{ 124 119] 109
Wind (knots)
Prevailing wind NE N 8 8 5 3 5 SW | S5 N | NE | NE ]| -
Mean wind speed 37 321 81) 3.0 3.1 3.8 38] 40f 28F 49 By b1y -
Max, wind speed 32NE {46 NE{ 42 W |66 5W 80 ENE{60 waw| 41 wswi 685 | 46 E |55 NE{40 WE {50 NE |60 ENE)
W ' WEW, W
Rainfall (mm.)
Mesn 06] 12| 409] 85.6] 2136 261.9] 274.6| 322.6] 204.3] 1005 22.4] 1.8 16314
Mean rainy days 04; 13} 86] T8} 152 185 19.6] 222] 201} 108] 86| 07| 1235|
Greatest in 24 hr. 481 620) 124.1) 1002} 1385 189.4] 203.9] 141.1} 130.3] 113.4] TL8] 82| 2039
Day/Year 27/64) 2T/85[ 14/60| 1218| 18/56] 4ral MO} 1870} G/68| 9/67| Ge4f ts/eer 770l
Numbez of days with 1 _ ,. a
Haze 170{ 231) 273) 19| 18| oo o01] o] o4 s8] so] o8| 1061]
Fog 13) 08 o0z ool oo oo oof oo o0a] 03] o3| o8] 41}
Hail 00, 001 0} 007 00 00} . 00; 00} 00] 00 ©0] 00 00
Thunderstarm o1} 07) 34} o8] 168] 12| 128) 114] 110] 60 14f 01| ses3
Squall 00 00 oof o0} o1} oo o8] ool oo oof oo oo o4
Remark Evaporation 1962 - 1985 '



TABLE A-2 1 METEOROLOGICAL STATION

" STATION

CODE__ . _ PERIOD HISSING
CAHUANG T : 67013 1 1952-86 .
- A.PHIBUN MANGSARAN L 67022 1 1955-86 -
- A.AMNAT CHAROEN L B7032 ;. 1952-86 . | 1979-80
* A:HUA TAPHAN 1 67042 @ 1974-86 1974
© A.KHEMARAT : 67052 . 1952-86 -
A.KHUANG: NAT . 67062  1952-86 1966,84
- A.YARIN GHAHRAP ' B7072 ¢ 1952-86 1981-84
- 4. TRAKAN ' PHUTPHON P 67082 1 1952-86 1966-87
A.UBON AGR. STATION | 67092 ! 1977-836 1977
HUAX HONG TANK 67102 ! 1977-86 1978,83-84
‘A-ST HUANG MAI L 87112 1952-86 | 1977,79
A.HUANG SAMSIP . 87122 @ 1952-86 -
A.CHANUNAN 187152 @ 1959-86 1986-67,75
UBON SERICULTURAL ST. : 67182 . 1859-86 | 1959,63
A.XKHONG CHIAM i 87192 1 1966-86 | 1968
 A.PHANA © §7202 @ 1966-86 1966
" LAH DON NOI ¢ 67211 ¢ 1979-86 1979
" R.I.D. OFFICE URIT 5 | 67220 . 1951-86 | 1968-69
HUAT PHO TANK . : 67230 ! 1954-88 1954,69,76
NONG CHANG YAI TANK : 67240. : 1955-86 1955, 69,786,831
~ HUAT VANG DAENG TANK = | 67250 @ 1957-86 1957,69
 HUAI YANG NONG TANK @ 67260  1961-86 | 1961,78
SA SAMING TANK - 67270 : 1961-86 1961, 69
RONG NAMSAP TANK  © 67280 : 1961-86 1961, 69
PHUTTHA UTTHAYAN TANK : 67280 @ 1962-36 1962,69,78
. U.R-ANIHALS CONSER. : 67302 : 1970-36 -
- HUAI PHO TANK (LOYER) i 67330 1982 1982 (HALTED)
~ LAN DOM YAI SELF-S.S. | 67402 | 1984-36 - |
FASOTHON PROVINCE E :
- A.HMUANG . 72012 . 1952-78 - 1979-86
A XHAN-XHOAN KAEQ v 72022 . 1952-36 -
© A.MAHA CHANA CHAT ' 72032 1952-86 1965-66
© LOENG NOK THA i 72042 | 1952-36 -
A.KUT CHUN 172052 @ 1970-86 1970
PHA - YAT : 72061 : 1976-36 1976
A.PA THIY L 72072 1976-86 1976
. A.KHO WANG . 72082 ¢ 1984-86 -
1T ALSAT KN C 172092 ¢ 1985-86 1985

A-13



TABLE A-3 : MONTHLY RAINFALL OVER THE CATCHMENT AREA AND SERVICE AREA'{1/2)

patofall over the Hatershed drea and Servico firea of Lam Se {(BR-51: 7

.Rainfall Station : Loeng Hobk Tha (77042) :
Yoar | npr!g tay i Jun. 5 Jul. @ Aug, 5 sep. : Oct. ;. Hov. f Dec. ; Jan. |
{(ma) 3 (mm) Lo fmm) o Cmm) (mn) - (oo i Cam) b fam) ! Aom}
16,2 : 3 6.0 8.0 -

24

feh.j Har .
(and !t (el i . Lmm)
X ERPY -

a?s;xcxsﬁm“

a;s:_e:c::o—,@
Y-y

1 . : 6 : B i
Ave, L6 I P18.T7 282, :2°4 0 -3B8.8 : 274, 6

Rainfall ‘ever the Watershed Area and Service fArea
of Huai Khua Ehan (BO-112 and Huai Kham Phak Na (80 13)
Rainfall Statjon : Trakhan Phulaphon (67082} : .
May { Jun. { Jul. © Aug. } Sgp. o Oct. ! nov.g Dec. i “Jam: i~ Fab. ::
) 1 (am) i (mm) i {am) {ma) : (am) :  (ap) @ {am) : tm) G Lo Gmm) t

it it e lmig

oW

15,

Rainfali over the Hatershed fAres of Huai Ha Xhai (BO- 13) and Huéi Soob (TL-6)
and Rainfall over the Service firea of TL-6 S

Rainfall Staticn : Si Muang Mai (67112} .

Apr. 1 May i Jun. 5 Jul.¢| Aug. : Sep. : 0Oct.: Hev.: Dec. ; Jan. { Fab. !

| tom) D e : L oem)  Cam) ! Lo tom) b <am) (am) |

1475 : ; ; i..0.9: .8.8: N :

)

0

5

3

5
LAl
2.

o

9

9

adeiolalaiaioice

03142 N TON 160 1

LN
Sleis!




TABLE A-3 ¢ MONTHLY RAINFALL OVER THE CATCHMENT AREA AND SERVICE AREA (2/2)
" Rainfall.over the Service frea of BO- L3

CRaipfall Station . Sa-Raming €67270) = . . : -
“Year | fApr. fooMay o Jen. i el b dug, ! Sep. & Det.: Hov, : Bec. : Jan.: Fab.-i Mar.
ol ) S Cam) t CCam) 2 (mad D (em) o (ma) : : i (¢m)
C74,3.0.124,85 5 192,05 155.2 : 4447

010 160 3 IR 1D N OV

n wiwholoaion kalwin

o olnieiel
© oo

o e
w @i o

o0

: .9 :210.8: 285.
797 1 197.5:299.2 : 264,

e i @]

73015 100.6 . 19.3.

B Lo
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TABLE A-4 ¢ ANNUAL RUNOFF COEFFICIENT
M.32 (UA=IB54sa.km) | w228 tua=153530. km) | a.se (ua=2122s0.xm
uarter | annual® | annuaL | RUNOFF ANNUALED | SHNUAL | RUROFE . | ANNUALE) | AKNURL | RUNOFR
YEAR REINFALYL | RUROFF | ©DOEFFL- énnt;nu. RUMOFF | COEFFI- an I HFALL RUNUFF. CO_EFFl—'_
. i e CrENTCZ 1| tnm (im | CIEATUS) | (AR twny | CLERTU)
1955 1237 17 24 - - - - . -
1966 P37 552 3z - - - = - -
1957 t188 215 18 - - - - - -
1968 1445 148 21 1454 365 25 - - -
1969 1357 322 24 1357 31a 23 - - -
1979 1433 406 2t {288 362 24 - - -
1971 1727 525 39 1731 - - 1173 5_96 51
tav2 1243 @1 29 1392 339 24 1417 f- -
1973 1322 268 28 - - - 1648 233 23
L1974 16878 52§ 31 - - - 1637 53@ 32
1975 1547 549 42 - - - 1622 378 54
1978 {ate - - - - - 153 745 e
1977 {467 - - - - - 1284 453 39
1a78 1845 793 4z - - - 1388 132 50
1979 1652 - - - - - 2863 a7l a7
1986 1598 513 32 - - - 1844 943 53
1981 1719 532 31 - - - 1582 537 14
1982 1469 527 29 - - - 1527 561 %
1983 1418 - - - - - 1362 508 44
1984 1537 123 28 - - - t7us 519 10
1985 1576 550 a5 - - - 1564 548 35
1988 1615 - - - - - 1475 361 24
T ave. | tszr | ass ¥ ze | vz | as | TS T T e | TG
(HOTES) :
@ aresl rainfali = @.38 ¢ (72042) + @.49 « (72852) » 2.09 x 17T2BV2) +4.24 x (B7032)
B) areal rainfall = 3.5 x (12842) + 9.08 x (72052) » 9.904 x (72872) +B.25 x (67B32)
@ Aroal rainfall = .18 x (67A32) + B.1B x (67842) + B.81 x (67852) +B.A7 x (67882)
+ $.18 x [BT122) » #.%1 x (87T292) + .85 x (BT2T2)
H.032 { YA = 181sa.ka ) . [41 ( 48 = 332s5q.km ) H12T WA = H!A_sa.im H
YATER aunust@ | annunt ] RuNDEF anppaLd | amnont | funors annunl®. | annuad | qunorr
YEAR RATMFALL | RUNOFF | CcogFEl- RAINFaLL | RUNOFF ] COEFFI- RAIMFALL | QUNOFF coep#l- :
(ten ) CIENT(SE Y et} (i) CLERT(Z Lhsy. ' i clEfo%' ¥
19886 1545 299 a5 - - - - - -
_____ 138t SR SR WU S !jjﬂ»ﬂ 839 18 1794 549 .38
AVE, 1545 359 1 25 1898 aish o kn;;'m" ""‘1;;&. --------- e; ;;i’lm-m;;_",“"
(HOTESS . .
@ Seot ratafall = |.@6 x (57882)
@ Seot rainfall = 1,98 x (67082)

®

Areal rainfrall

=

€.68 x (67282) + €.24 x (87982) » Q.28 x (BTQG52)
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. TABLEAS -

1 ESTIMATED MONTHLY RUNOFF (1/3)

A-17

w “Hopthly Runof! al Lam Se Damsite yv.n,= 22.4  sg.km
Honth 4 4969l “rgre k. c1grt | 192 1873l 1974 1976 1 1978 ) 1977
apr ].98.880 [ @9.06071 "0.000] 9.9¢0 ] -0.900 | . @.906 | @.00@B | 6.86R | B.B00 | ©.000
May, . | 978801 0.888, d.019{ 9.083 | - 0;800 | o.082| @.086 ] 0,801 8.990 | 9,001
Jun B.927). 6.6027 2.189| 2.928 | 8.808 | ©.057| 0.685(| 2.146] 0,008 | 9,008
Jul 6.000 | 2.888 ¢ 2.177 | 6.576 | 1.@57 1-818 1 2.68291 2. 111 3.132 | @.9492
fnug T:H18 ) 8.2881°.5.3568] 3.924( 4.371.] 2.915] §.424 | 2.699 | 7.543 | 2 086
Sep A 19470 03,1821 2. 7453 2.409 | 4.6089 | 4.609 | 3.623 | 3,196 3.416! 5.081
Oct @941 8.9131 9.183( -1.734 1.449°| '@:.421 ] B8.36¢ | 1.091 ] @8.826] 0,135
Nov:  _|:-@8:B8@8- 0,003 -9.080 | 0.485 | ©.011 | 0.08B| @.800) 8 9011 0,003 | @, 888
___Bag: d.898 { 9.680) 0.0G90 % 9.960 | B.908 ! B.000| ¢.p08{ @.008] ©.008| ©.968
Jan 0.906 ( 9089 0.6083 A.0e0| p.vee| p.800| o.cep| o.nes | o.esp | o.eoe
Fob 9:088 ]| ©§.86@°) 0.080] ¢.0u0 | @.806| w.008| ©.090 | @.0e0 | o.p00 | Q.e@p
- Nar ¢.088 | 0. 80| -o.e88 |  @.808 6.099 | 0.000( w.008| ¢.v889 | o.080 ]| 0.p80
“Jotal 14483 8.129 ] 13.0828 | 17.915 93,384 9.823 1 15.198 | 11.245] 14, 9211 ‘g 1@5
e : SRS L. e _ IR ¢ _HCH.)
Honth 1978.f- 1979 1980 | - 1981 19827 1983 |- 1984 1985 1986 1987 | Average
fipr -9.900. | 0.400| @.088 | 0.200| 6. 900 | @9.086 | ©.088 | 9,908 | e.900 ] 0.000 0,888
ey $.9131 .0.925% 9.96@ | $.008 ) ¥.634) 9.960} ¢.884) 5,200 | . 1.999 | B, 868 2.860
Jun - 9.196°1 2.539 ) 9.07t] -4.078| B.140.) @.73t1] 9.i86| 4.114| 2.048 | 6.686 1.136
- Jul 1,829 - 2.781§ B.924{ 5.018] 0.8985{ 0.623] [.657 1.B41 2.516 | $.38% 2.915
fug 8:793: |- 6.169. | -3.9¢7 1 7:108%] 4,654 §.662 | 4.2461 4,756 ] 7,465 | -5.114 5.118
Sep’ g.818: 4. 483 | 7.346| 8.834 5,812 2.340 | 4.474] 23:383} 3,798 6.424 4.188
0ct 1.1821 B8.5791{ 9.419 1.609 ] 9.918| 3.894) 9.873 1 ©.6851] B.382| 8.237 9.855
_Mov. .9.908.| ©.060.{ @.082 | @.821} -9.0G87 0.0054 p.935] s . ops| @.8i5| @.808 9.087.
- Bag " 0.806:] -0.909 | 8.080 | 9.608 (. 0.800) 9.00p{ 0.960| ©.606G | 9. AOB | 0.Q0A0 9.0080.
Jan "6.9088 ! -'9.600 | c.080 | 0.009.| ¢.806) o0.900 ] o0.900| 9.s08 | 8._peB | - 0.000 8.4aa8a
Feb - B.P00 | 9.800 ) 0.989) B.980 ) 6.908 ] wv.oon| w.0en] o.oep| ov.v88 ! B GO0 2.08%
_Har . @e.988 | 9.Bu8 ] 9.088{ o.c0ou| o.8mA@ | n.gea| ¢.008| p.0eeg | o.080 | o.cew 8.008
Total 19.738 | 16.576 | 12. 760 { 18.5567 [ 61.569 | 11.456 | 15.196{ 13.952 [ 17.216 | 14 847 13.496
Honthly Runeff at Huai Khum Khan Damsite W.A.= 36.8 sq.km
- : I e S ) - { HCH )
| _tonth | - 1988 | 1969:F - 19787 1971 1972 1973 1974 1975 1978 1977
npr D.O0P.] D.000 §- D.900 | D.DAY ] N.BOY | D.990 ] B.090; B.HUL] B, 909 | B.606
Hay - ‘0.000 | 0.0897-0.4081 0.000 | @.008| @.857 ) B.000 0.8%4 1.328'1 0,808
Jun “cp.00p | 3.733] @0.252] p.640| @.253] 2,493 | @.984( t1.121 | 1.798 | B.@089
Jul il @.pge | 1.067 | "2.593| 5.858 4.228 1 1.3°e6! 1.821] 3.196.1 9.715| B.831
fug -1 '3.421 3.975 013,562 4.649 | 12.260{ 5.427 [ 12,363 | &, 761 9.496 | 5.18g
Sep "§.979! 5.598 ) 2.848 | 4.788 ) 4.555| 4.555] 23.984| g8.@7¥8{ 3.999 ] 28.25%
oot .47 [ 9.674 1 01,561 1.297] 2.307| ®B.422] 1.9221 3.292 | 6.998| 'B.568
| _HNowv "p.oge| @8.8361{ p.082 | @.881 ) B.053| e.808| o0.084| 0.875] @.0ig | 8.B90
Dec - p.bes |p.pog | #.990{ 0.008| ®.800 | p.080! D.YYe | 0.pE0{ ©.@98 | 0.88@
Japn |- p.0RB | 0.0BB | B.0BD} D.0OB | D.POD | D.OOG| B.00B| ©.0BB} D.PBD | ©.8VYH
Feb__ 8.9 | o.a80| ©0.800} 9.000| ©0.980| B.080 | B.000) 0.968 | Q.0Pe8 | @ 088
~_Haf -g.6p8.1 0.998 | 5.008 | @.000) 8.000] e.veMA| V.96 | 0. BEG | ©.800 | @. 088
“Jotal ot 12.874 | 16.6841. 1 23.609 ] 12.862 | 23 895! 14.280 ) 29.198 | 32 577 [ 27.346 | 25.988
s _ B A o . - . {_HCH )
:1_Honth 197¢ | 1979 1 1988 1981 _ 1982 1983 1984 1985 1986 1887 | nAverage
‘Y apr o) p.eed|[p.083{0.068 | o.0Pe] p. 088 | 06.890 ] v.688 | 6.9068 ! 9.988 [ ©.800 §.a80
Hay g.008.0 6,454 | @.039 ) 6., 068§ v.06!1 | 09.808{ ©.B@i| ©.PA5 | 0.B857 | 0.000 8,469
Jun 0.621].11.337 {"5.768 [~ B, 845 | 9,083 1.781 B.875 4.324 2.0386 1:632 2.425
- Jul 1.593 - 2:847 | 4,237 | 2.754 g.008 | £.538 t.214 ¢ 2315 1.595] 6.177 2.730
fiug 272.953 | 18:497.] 6,216 | 16,997 1 ' 3.247 (. _9.375 [ 15,137} 7.743 ] 5.628{ 10.886 9.148
- Sep 1t.288 |- 8.746. ~7.695 {1,182 |-12.153 ] 5.892| 6.528 | 8.898 4,151 118414 7,149
0ot 1,273 010380 8628 ;ug;g4? 1.562 ] 3,474 @.8111-1.131 1.162 1 @.728 1.262
‘Hoy: " B.838 )] 6.003 ] 9.815 | 0.004{ B.613] 8.824[ ©9.244{ ‘9.823 | 4.828| @.608 8,859
_Dec T @.0e0 | B.90@ | ©8.000 ] ©#.008 | 0.008} 8.000! B.Pe06| B.BOB| 6.0068 ! 9.908 9.088
CJan -p.0AB | p.409 [(-Q.000 | ©.004)]. 9.988 | §.008|[ N.B06] ©.096B | 0.0e5 | 6.800 1,800
Feh - 0.690 | a.000| 0.000| p. 000 | 9.9680 | 9.960} p.06B | ©.908 | A.890 | ©.800 §.006
| . #ar | e.pue] ws.oop| w.000| @.000| ©.G6@ ] €.990] @.006| 0.G6Q| 0.988 | 0.0BG 8.808
Tola! 27.185 | 46,915 [ 24.782 | 21.699 | 17.5791 22 275 ( 24 689 | 23 639 ] 14.649 | 28966 23,348




TABLEAS  : ESTIMATED MONTHLY RUNOEF (3/3)

HMonthty Runofi al Muai Kham Phak Wan Damsite - .= 12,5 sg.km
: _ . N T IR
tlonth 1968 1969 1979 | 19Tt | - 1972 1973 1974 1975 [ 1976 | 1977,
T ap | @ 000 | ©p.poB) B.0pR ) B 008 g.o80] e.g00!l o.ooal a.8e0 (- 6.800 6.800 |
T iay g.opg | _@¢.a03 | e, oep | 6.998 ! 08.000 |- 0. 921 o.pgp| 0.02e | @8.487 ©.000
Jug qoan | 1.37t| 8.093| @.@16| ©8.693| '@.915 a.361.| . 4.080.| 0. 668 | 8.080
T Jul | s.pee | ©0.391 ¢ 1.3181°1.855 1,551 ] 9.487} 8.37% 1,173 ] 3.564°].8.0%1
flug 12551 1.128 | 4.953 (- 1.785| 4,498} 1.99] 4.535 | p.4gg | "3.483 ) 1.874
Sap 3.094| 2.098) 1.842 ) 1.71%7 3 1.671 1,871 1.432 [ -2.9631 1,467 3. 7.432
oct 0.173| #.247 | 0.206| ©.468| 0.8464 B.155] 8.795 1.288 [~ 0.367 | Q4,289
Hov waoo | @.at1 | o.e01 | @.008 | 8.021 ( 8.6p0| B8.\8@l} @.027; 9.0084 _8.908
Dec o owol o.opn] o.geo| e.opn | e.oge | ©.eep| ©.0Be | @.800 ) ©.haB n.BRD
Jan 2000 ].0.800 ] 0.pea{- 0.6800 ] G.0ee ) 0.960 ) 0.800 0.8080 | 0,088 | ~8.868
_Feb p.obb| ©.8p0| ©.800] ©.99e | ®.0ec| o.g0a | d.0ee} .03 g.e00 | 9.089
Har o.peg | e.p0e | vp.00p | e.uom | g9.088 [ @.9p00 )| @ gog | o.epe | 8. ove |l B6.epd
lotal 1753 | 6 tas | "s.661 | 5.086 | 8.766 | 5.239 1 T.410.0.11.951 118,832 9,526
: _ o : - : L HCHL)
Nonth | 1978 1979 1989 | 1981 1982 tog3 |- t9g4-l, 1985 1986 | . 1987 fiverage.
fipr p.@00 | 9.e00 | B.p0pf B.POG| ©.0860 | 8,600 ~@.op8 | - 6.008 ] e.0e6 | 9.pas | @.80%
Hay a ang| 2.268| ©.011 | 0,800 | ©.081 | 9.080 | ©.088; 0.882; ©. 02| '89.899 ‘B 147
__Jun oone | 4 159 ] 2.116] ©.318] p.001 | B.653] @.828 | ‘1,586 0.747 ] 8.58%;  8:899
o dul 0.584{ 1.044] 1.591 1.016 | 6.080 | B.928 | 0.445 (. @.849 | 0.5857 2.266 1.881
Aug 3.428 ¢ 3.851 ¢ 2.317) 5,368 f 1.1911 3.4359{ 5.553 | 2 841 2 p62 | 3.67i 0 3.358
Sep 4,141 3. pps | p.8e3 | ©,423 ] d.458 | 1.868 7] 2.395.} 2.971 ). 1.523 3.820 2. BRe
Oct 9.467 ] ©B.3781 0.228§ 08.348] 6.573] 1.274 9.298°1 ©.415 ' 0.426 1 .9.268 ‘3. 463
— Hov _ 9.4 |-0.801 | 0.085| @.901 | ©8.225| D.A89 | ©.PEY:) B.982 ) B.BIU ©.903 8,922
Dec 0.980 g.6u8 [ A.06D A.8pg | n.90e | ©.968 9.000 p.pes | 6,008 9.000 B.08989
~san._ | @.o8m| e.gen| e.ve0i g.omg ! @.900| 0.040 p.opB | o.988 | o.pep| e.pge |  B.000
___Feb g.0p8 | 0.698 | 0.008 | ©.098 | 9.890 | ©.ge0 | ©.089 ] 9.040 5,989 | ©6.800 | - 90,008,
Har g.060 | 9.900 | 8.000 | 0.06¢ | 0.686 | 9. ood| 9.006| Q.¥O0 | ©.gBdy B.00A 0. 068
Total 13 634 |15 ona | e 891 | 7 960 | 6.44s ] 8.172| 8.8881 8. 6721 5.374118.526 | 6. .565
ﬂﬂ[h_l_v Runof{ at Huai MNa Khai Damsite ' Hop.= 31.3 sq.km
‘ L nen.2
onth | 1968 | 1969 19780 1971 ] 1972 1873 1974 1975 1976 |- nnfﬁ"
fpr geed} o.008! v.gen! w.oam| g.ecal o oeot @.9v0 | B.0BB | B.pOB | ©.080
" fay . | _©.BBI | ©8.988{ ©.016| V.62 { 0.900| D.038| 89.087)] ©.983 1 0,801 8.90a
___dun 9.061 | B.732| 5.486 1 ©.432 | 4.224) 3.080{ @.196) 2.251./ @6.g30| 0.980Q
Jul 1.141 9,884 3.130 3.484 | ®.742 | 3.998 ) 3.B72 2,61 9. 939 4,735
fug | 18.849 | 3.783] ®s.857] 6.Bv6 | 4.764] 2.887| B.627] 3.948| -3.220| 4.344
Sep 13.879 1 3.354! 2.593| 0.363{ 6.835| 6.835| 1.43] 7.761 4172 | 12,371
oct §.060 | B575] 9.478 | B8.530| 9171 | 2.067[ 8.513.]| 2 479 | B.4271 9.292
Nov " g.p83 | v.ee7| 9.0p4 | @.pon | B.@92) v.eue| 6. 098] 0.036| A.p06 | 9.088
Deo 9,099 | 0.860 | 0.000 | ©.000 | B.p8R| ©.D08 | B.0B0| 0,808 | 9,090 |9, 000
Jan .88 | @.80p | vn.sep | B.BOV | B.00p | ©.pEA]| B BBB [ 0.008; 0.868 "9, 090
! Febh 0.008 D.680 1 @.900 [  6.999 9.888 #.p80 $.090 3.008 2.6808 | . 0.909
Har D.A00 ] ©.069 | ©9.P0B| D.@PG | ¢.uAB| ©9.e9H | ©.888( 06.8@0; @.089 | ©.086
Total 26,448 | 72315 0 21.377 | 12.757 | 12.163 | 15.654 | 13.7791 19.878 | 8 797 ].21.743
- : : N A [+ 1 1
flonth [ 1gvs{ _te7gl 1986 1981 1982 1983 . 1984 01985 . 1986 [ . 1987 | Average
“npr | wv.evs | o.oww | p.opo| 0.006 | ©0.000 | ©.08@ [ 9.006 | ©.008 | ©.889 | B.086 5,088
__Hay B.p8 | @.ppp | a.9p@ | 1.950 | ©.000 | 9.005 | @.744] 8.863| 98.929'] @.e8 8,143
| Jun p.oeB | 11.589 | B.105%] 6.769 | @.008 | 3.256 ) 3.231 3.964 1 2.431°4. 'a‘:aag\ : '2‘3“’
_Jul | 1.855} 3.368{ 2.752 | ©.9§7 ) -9.8157| 5.14a| . 2.883} 1.712 3,805 5.977 T3.049.
_puyg _ |=21.198 | 16.505| s.38m | g.881( 5.640.| 6.662 1 14.719.| 7.82¢( 11.4%2[ 10 188 NI
“ sep | 2.898| tvw.3085| 7.996 | @.219| 7.959| 2.7@4 ) 1@.749 | 2,884 7.837 | .6.772 : s'.?a‘ifff"
__Oet | B.gRg | 0,953 9.758|_@.827 | B.354] 2,297 1.234| ®.754] 1,315 1,438 0,876
_Mev | ®.0BAY B.BB2| P.BI3I} D.OBB ) B.GOB} B.034| B.BAY ) @ Bb2 | -B.039 "‘.37023 ' a"'an
_Bec | ©.099| o.008 | 0.AM@ | ©0.000 | 0.A06 | 8.00d | ©.900 | .9.000 | 0.080 9. 008 . 898
‘_ﬂ%gg_fﬁ_rgﬂg_@_ a.ema | wv.ned [ o.o8g | ¢.ned | o.ode | e.ode{ . e, 0@a g a0a | 8,008 9. 880
ﬁe_bﬁ | 8.089 | A.0¢0@| ©.0NP | B.000 | ©.098 | 6.000| 0.000 ) 6.008 | 9.986 ) 0980 g.0a8g
ar ! @.oed; 0.mpg | 0.068 | ©.008 ) 9.80¢| 4.0 ©.98@ ) @.0800 | @g.pep| 6.900 8.0
Total 77.514 | 35.885 | 16.996 | 13.972 | 13.969 | 19.501 | 32.869 | 15429 | 26 187 | 24. 468 79 991
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 TABLEA5  : ESTIMATED MONTHLY RUNOFF (3/3)

“Henthly Runoff ot Huai Soob Damsite B 31.3 sq.km
A R - } R : { HCH )
Honth 1968 [ o198 . . 19%@ ] t9v1ii .. 1972 101973 1974 {1875 | . 1976 1977
Apr 0.906 | -B.oee’ | . eup | @.ges|  o.008al G.6ep | v.ep0 ) g.9806| ©.983 | ©.08Q
Hay 0.801 . g.¢46p] V.816 | A.p82 | ‘9. 0800 - 0.038 | 8.007 | 0. 083 r‘ﬁ;aﬂl . B.808
Jun B.0801 | 87321 S5.486 1 @6.432°] 4.224 3.888 1 ©.196 2. 251 9.839 | 8.908
Jul: 100411 9.804 3.1391 3.484°'1° p:Tdg 3.800 3.0872 2.641 1 '8:939 [ 4.735
“Aug 18,9491 °3.783 ] 8.8%7.] 6.076:[ 4.764] 2.887| 8.627 3.948 | 3.229 ] 4.344
" sep . 13,879 | -3.354 2.593% |- 8.383 | 6.835 6.035 (. 1.431 7.761 4.172 {12,371
TN @.000 ] 9.575 0.478: ] B 530°| B.171 2.9867 | _©.513 2,478 | 9.427 1 8.292
How g.8e3 . 8.007l-a.604{ g.eed ! e.ed2l| a.oeel o.ped !l g.8361 Q. g0d | 9.094
“Dec p.PeB | @.090 | 08.800 | a.908 5.000 | D.008 ] ©.908 | o.089 | 0.800 1 6. 800
[ Jan 0.9000.] 6,980 ( 9.080 ) @.680 (- 6. 8043 0.0RG{ ©0.008. B.880| 9.800 ! B._908
C..Feb 0.0 | A.90e.| B.e98 1 8,806 6.900 | ©.088 | 6.8408 n.pe8 | p.esnl 6.80e
Har B.800 | 0:00B | 9.800 ) 0.680 | 8.898 | 0.000 ) v.ee8 ) 8. 068 | €.808 [ 6.990
Total .| 26,448 ) 23.315 1 21,3771 12. 757 | 12. 163 | 15,6541 13. 7790 19.878 5. 797 | 21.743
> S - i R Yo o : . . { HCH )
Hont h S 1978.3-- 1979 1988 3~ 1981 1982 {1983 1984 | 1985 1986 1987 | fverage
Apr 8.008 [ £ . 080 9.088. 8. 8089 9.00B {- @.900 | B.009 0.9 | 9.908 ¢ @.200 $.808
Nay 9.0800 | 6.908 | H.009 1.069f ©.098 | ©.085) 8.744] B.963| 0.028| 9.808 g.143
“Jun B.908 |-11:589{ @.185] 6.769} ®.08881{ 3.256] 3.231 3.064 | 2.431 0.899 2,344
CJdul 1.655 ¢ -3.360|.2.752 ! B.9i7] 0.015{ 5,144 2.083 1,712 | 2.805| 5.977 . 3.B49
 fug 21.196 | 18.595 1. 5. 380 4.981°{ 5.648 | 6.662 | 14.719 7.828 | 11.452 ] 10,1388 7.715
Sep 3.800 | ta.305( 7.6as | @.eiel-vr.958) 2.1640 16,7481 2.@84! 7.837( B.112 5,806
0ct B,858 7 9.953( @.750] '9.927 8.354 | 2. 297 1.234 0.754 -+.3151 1,43¢ p.8786
Hov 8.984 | .0.0082 1 0.013{ 0.848 8.008 § B.634] 0.849 a.982 [ 8:939 ] 8.823 p.011
__Dec B.oge} g. 086 9.800} 0:990; ©.008] ©.000| 0.008 | D.pER | p.AeAG ! B. 660 8,608
Jan. g.9v8 ] p.veo ] o.de0 | B.pEB ) 5.800 | 0.90D | o0.8806) Y. OdeB ! 09.080 | B8.008 . pea
___Feb- g:e00 ] p.eea{ 8.950 )| o.ope.| s.0@ep| B.9086i 0.p08| o.ges| 9.g80 ] @&.089 9.088
_Har 5.880 | 6.8088 ] 0.808.1 0.848 P.908 3 B.0OR | 0.90d 0.0868 | sB.800 | o ¢80 0,089
Total 27.614 | 36.8851 18 .896 | 12.972 1 13.989 1 19.5081 | 372.ea8! 15 429 | 26.187 1 24 49 29.@391
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TABLE A-6 :

BA-%: Laa Se
Unyle aydroegraph
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{hr) ¢ Rate
TN

% Al

gesign Fleog (R.P.x S0dyrs.)

Tine ; Raianfall : Drscharge
inrd ! (mn} L iias)

Bi-11: lhla.\ Khus Kham

Uayig- _hydrograph

fyae Duskribucion
Ched : Rate

vasign Figod ¢(R.P.: 38Ayrs.}

Tias ; Rainfall ;i Dischargs
{ar} : ({1 3. lems)
1. [ FICLTR
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§0-131 Huai Kham Pnak Man
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thr) } Rate
]
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TABLEA-6  : HYDROGRAPH OF DESIGN FLOOD WITH A RETURN PERIOD OF 500-YEAR{2/2)

30-18: Hual Na ¥hai . TL-6iHuat Soob
. Uait- h):_d_ro'srazh . Ynit: hydrograph
Tras Risiridulio Fige Distribution

hed: - Ratg. -

(hed s Rale

Gesiga Flood (R.F = $88yrs.)

. ) B . . . Fiee ; Raiafall : Discharge
Dasign Flood {R.P.3 596yrs,) {hr) ! {an} i f{ems)

Tiea : Rawnfall nui:nusa
{he) i - {aa) 3 ns |
A Fo A0 0.889
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YABLEA-7  : HYDROGRAPH OF DESIGN FLOOD WITH A RETURN PERIOD OF 100-YEAR (1/2)

EA~-5: Lam J@

gplt-_ﬂxggogragh

rirer e mmeariy
Tinga Drscribubion

_Ahrd ¢ fiate
08,

Ve 381

Design Fiood {R.P.= 190 vrs.}

Tioe : Rainfall : Discharge

Tag T eyl

50-11: Heat Kheo Kham

Ynat- hydrograph

lize Distribubion
RaLe .
9

Chr) ;

L
a.281

desige Flaod (R.2.= 190 yrs.)

Tine . Raimfall : Bischarge

| (nrY i faey P {ess)

A-22

§0-13: wiai KHas Phak Man
Unit- hygrograph -

.Flﬂpiﬂlstflbdtlﬂﬁ
(hrd i Rate
DU PO N - -

Destgn Flood R.P.: 189 yrs.)

Tima ;- Rawnfall : Discharge:

(hr} : (en) {cas) N
1 8.6.; 9.38L, {hr) @ (mm) {cns)
4 e 8.7: 8.294 |




TABLE A-7

$0-18: Hual Na Khal

Unit-

hydrograph

(he) ¢ Rate

@

A

o000
a.182.}

Time Distributiod :

: HYDROGRAPH OF DESIGN FLOOD WITH A RETURN PERIOD OF 100-YEAR (2/2)

‘ ILvﬁiHuai'Sodb

Unit-_hydrograph _

fime Distridution
Lhed L R

LN

198 yrs.)

Design Flood (ﬁ.P.:

ire { Rainfall
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(mm) L
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i 160 yrs.)

P b

N -
IO e 00 10D T T TON T b 0 0 D

CH-NEN
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: CLIMATE IN UBON RATCHATHANI
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FIGURE A-3 . RELATION BETWEEN DAILY RAINFALL AND RUNOFF
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FIGURE A-4

. 8.1809 (50)
9.0800 (30)
_0.8100 (22)
. 0100
.0010
k.aaxa
.0001
b. 0801

A-2T

DEVELOPED TANK MODEL

LEGEND

RUNOFF COEFFICIENT(HIGHT OF SLIT)

__9.5590 (3®)



HGUREAS  : COMPARISON BETWEEN OBSERVED AND ESTIMATED RUNOEF
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Yealy Runoff at BOIS Damsite for 29 Yrs
Pariod 1964 « 197

ESTIMATED ANNUAL RUNOQEF
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FIGURE A-6

* Yealy Rwnoff at BA-5 Domsite for 20 Vrs

Partod 1965 - 1987
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FIGUREA-7  : HYDROGRAPH OF DESIGN FLOOD WITH A RETURN PERIOD OF 500-YEAR (1/5)
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FIGUREA-7 - HYDROGRAPH OF DESIGN FLOOD WITH A RETURN PERIOD OF 500-YEAR (2/5)
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FIGUREA.7 : HYDROGRAPH OF DESIGN FLOOD WITH A RETURN PERIOD OF 500-YEAR (3/5)
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HIGUREA7  : HYDROGRAPH OF DESIGN FLOOD WITH A RETURN PERIOD OF 500-YEAR (4/5)
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FIGUREA-7 ! HYDROGRAPH OF DESIGN FLOOD WITH A RET_URN_P_E_RIQD OF S_OP"YEA_R:(SIS)
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FIGUREA-8  : HYDROGRAPH OF DESIGN FLOOD WITH A RETURN PERIOD OF 100-YEAR
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 APPENDIX B. SOIL

- B- 1 Generai
- B-1- 1 Seil Survey

Based on a soil map (1/100,000) produced by DLD, the soil survey was
conducted in two phases. The first survey was carried out at 27 sites by
' exeavatmg 27 pits and by soil auger boring of 52 sites, a total of 7 9 sites mainly
at existing paddy fields (as shown in Figure B-1). The second survey was done
by auger boring with the objective of confirming the distribution of the soil
series in the project area.

B-1-2. Soil Parent Material

Most soils in the study area are formed from alluvial sediments derived
from sandstone and conglomerate. The alluvium has been deposited by rivers
“that have meandered over the land. The present surface materials are very low
_in plant nutrients and contain few easily weatherable minerals because of the
intense weathering, leaching, and repeated cycles of geological erosion and
deposition. The parent material of most of these soils is not true residuum,
because the unconsolidated material over the bedrock has moved downhill and
these materials are mainly colluvium.

B- 1-_3. Lan&forms

Landformas of the project area are small alluvial lowlands formed with
repeated cycles of soil erosion and sedimentation in rivers and streams, and low
and middle terraces with mostly flat or undulating surface.

. .. The a}lu\?ial lowland forms long natural levees along both river-sides.
The surface layer of these levees is usually composed of silty and / or loamy soil.
The subsoil is loam, clay and/ or silty clay.

‘The low terrace is flat or somewhat undulatmg landform. The terrace
has. sand or loam on its surface layer.  The subsoil is of fine particle size,
containing laterzbe.somewhere A sand layer of more than 50 cm thickness is

often observed at the bigher part of this terrace.



The middle terrace alternates with.the low terrace forxmng a ﬂat or an |

undulating land. This terrace usually has a laterite layer at 50-100em depth

occasionally appearing on the surface. A strongly mottled grey clay layer is
commonly seen beneaththe laterite layer. _

" The soil slope characteristics of each project area are shown in Ta_ble B-

B-2. Soil Description

 Within the project area, 8 soil series were found, as shown in the
following table: D

Soil Series Symbol Percent (%) -

Roi It Series Re 35.8
Korat-Phon Phi Sai Association Kit/Pp 24.9
Borabu Complex Bhe 16.5
Korat Series Kt : : 8.3
Roi, Et-On Association Re/On 7.8
Korat, high-phon Phi Sai Assoc - Rt-h/Pp - .46
Sithon Series St _ 1.9
Roi Et, loamy Re-1 - 0,2

So0il characteristics are described as below. F;gure B-2 shows soﬂ
columnar section. _

Re: Roi Et Series;

This is an old alluvial soil formed on low or middle terraces with .ﬂa.:t or
undulating surface. It is sand or soil of clear color with poor or slightly poor
drainage. The soil is commonly observed on the low terraces, Soil profile is as
follows;

Istlayer: 10-15em thickness; grey-brown or dark brown; sandy loam
with no pebbles and almost no organic content.

2nd layer: 10-30 cm thickness; grey-brown or reddish grey; sandy loam -
or fine sandy loam, unprogressed structure with almost 1no
organic confent, : S

3rd layer: reddish grey, light brown or grey-brown subs'dil' Sandjr' loam
or clay loam; at about 75 cm, mottled laterite 1ayer with
brown and reddish brown complex color appeax S. .



-Re-l Rm B, Loamy Series -

| The soil is generally finer gramed than the Roi Et Series dlstrzbuted cn
flat low__terraces nearby rivers, Seil pmfile is descnhed as follows;

st layer:

_ 2nd 1ayer

‘Tsf&isyéiz

1{) 15 cm thlckness, grey—brcwn or clear brown, loam or fine

T sandy loam

:15 25 cm thlckness, dark brown or hght_ yellowubrown loam

oor fine sandy luam with few pebbies

more than 20 cm thxckness, shghtly reddlsh clear brown or
reddish brown; clay loam or clay w1th fine gram quahty

Re/On Roz Et On Assoclat:len Senes

_ This soil is on the flat part of low terraces. A laterite layer appears
somewhere below 30cm generally at more than 1m depth Soil pmfile is as

follaws, _e

1st layer:

2nd layer:

8rd layer:

10-20 cm thickness; dark brown or yellow’brown;ioamy

~.sand like soil or sandy loam; drainage.

15-30 cm thickne.ss;. light grey or reddish-grey; clay loamor

-clay with almost no organic content.

more than 20-40 ¢m thickness; yellow-orange or reddish

brown; clay loam or clay containing pebbles somewhere

. : within the sample. -

Kt: Korat Sefies |

This goil is sand or sandy loam with good drainage. It is distributed on
mild undulating or rolling parts of low terraces. It was formed by old alluvial.
Soil profile is as follows; -

istlayer:
: - or sandy loam with low organic content and few pebble.

2nd layer: |

10-20 ¢m thickness; light grey-brown; loamy sand like soil

- 10-30 em thickness; dark red-brown or light orange; loamy

.. sand or sandy loam vnth no pebbles

3rd layer_:

'reiat&vely thlck layer of more than 1 m; brown or yellowish
brown; sandy loam, loam, or clay loam. Distinct mottled



yellow-brown and red-brown laterite leyer appears at
somewhere below 60 cm depth.

Ky/Pyp: Kerat—-Phon Phi Sa1 Association Serxes

This soil is d1str1buted on hlgher parts of mxddle terraces. and soil
profile isas follews, :

lst layer 10 15 cm thlckness, grey-brown, or. yellow:.sh brewn fine
sandy loam or sandy loam w1th few pebbles

2nd layer: 20 50 cm thxckness, brown or reddish brown; clay loam or
fine sandy loam, Laterlte layer appears samewhere below

40 cm depth.,

3rd layer: 20-50 ¢m thickness; reddish brown or brown; clay loam or
clay; deep soil layer with no laterite layer. - :

Kt-b/ Pp: Korat, Hzgthhon Phi Say Assoczatmn Series

This soil is distributed at higher parts of mﬂdiy unduiaung mlddle
terraces, and soil profile is as follows;

Istlayer: 10-15 ¢m thickness; dark brown or reddish brown, sandy
loam of fine sandy loam,

ond layer: 25-35 em thickness; clearer reddish brown or oraﬁge; sandy
clay loam-like, Sandy loam or fine sandy loam,

3rd layer: more than 30 em thickness; brown or orange; sandy clay
loam or clay loam, Laterite layer appears somewhere below
60 cm depth.

B,C: Borabu Complex Series

This soil is distributed at middle and high ferraces, and sml profile ig
described as follows;

Istlayer: 9-20 ¢m thickness; dark orange or reddlsh brown; andy-
- loam or loam with almost no pebbles.

2nd layer: 10-40 em thickness; brown or reddish brown; fine sandy
loam of clay loam. Laterite layer or base rock appears
somewhere below 80 em depth



St: Sithon Series

This soil is distributed among almost flat and narrow flood plain
lowlands, and seil profile is as follows;

_Istlayer: 10-20 cm thi-'ckﬁess; dark brown or yellowish brown; loam or - -
 finesandy loam with n¢ pebbles

- ~2nd layer: 10-50 cm fhiékness; orahge of dark brown; fine sandy loam
B or loam; thin sand-like layer is interposed somewhere in it.

8rd layer: more than 30 em thickness; yellow-orange or clear brown; .
- clay loam or clay with few pebb]es

'B-3. Physical and Chemical Properties

" To study physical and chemical properties of soil, samphng of each layer
was done at excavated pit sites. Soil Science Branch Research and Laboratory
lesmn RID carrxed out the analyses of samped soils,

Results of analyses are sh.own in Table B-2 and B-3.



TABLE B-1. SOIL SLOPE CHARACTERISTICS

SOIL : L _ PRESENT
3 - L.OPE :
PROJECT SYMBOL LANDFORM S LAND USE
Lam se Re Low terrace | fat, undulati_ng Paddy
' 1 percent field
Kt-h/Pp | Middle terrace undulating Paddy
1to 2 pereemt field
St Alluvial plain A flat Paddy
less than 1 percent . field
Kt Lower parts of Middle undulating _ Pé_dc__ly
terrace or Middle terrace |2 percent fisld
Huai Khum Re Low terrace or higher flat, undulating © Paddy
Kham' parts of Low terrace 1 percent " field
Kt |LowerpartsofMiddle |{undulating Paddy
terrace or Middle terrace |1 to 2 percent field
St Alluvial plain flat Paddy
less than 1 percent field
Huai Kham Re Low terrace or higher fiat, undulating . P_addy
Phak Wan Parts of Low terrace 1to 2percent field
Re/On | Low terrace flat Paddy
1 percent field
Ki/Pp | Higher parts of the undlﬂating Paddy
Middle terrace 1 to 3 percent field
Huai Na Re Low terrace or higher flat, undulating Paddy
Khai parts of Low terrace 110 3 percent field
Re/On [ Lowterrace flat Paddy
1 to 3 percent field
Kt/Pp | Higher paris of the undulating Paddy
Middle terrace 1 to 3 percent ~ field
Huai Sooh BbLC Higher parts of the uneulﬁting Paddy
Middle terrace 110 2 percent field
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Mlap Symbul

FIGURE B-2

) . Ro-

: $0I. COLUMNAR SECTIONS

_ Re-1 Re/0n Kt
Pit No. g : "8 - 8 13
N - . 0(“’! - ()cm Utm Ol:l“
SL. | L. LS
10YR 4/2 LOYR 6/2° L0YR 6/8 7.5YR 4/6
o =13 }7.5YR 5/8 . —10 113
sl ' -120 L Sk
10YR 5/2 | L 7.5YR 6/6 5YR 5/4
- -435 - | 10YR 6/3 -124 22
7.5YR 2/4 scl, :
S scL - 134 |7.5YR /8 LS
10YR 6/2° L - BYR 6/4
. 6/8 7.5YR 7/2 144 40
60 4/6 {60 C :
: - 2.5YR 6/2 LS
scl . L 3/6 5YR 6/8
10YR 7/1° 7.5YR 7/2
5/8 BYR 5/8 Literite ¥ 470
-85 : ltardpan -{100
c . CL 90 c sL
10YR B/4 10¥R 7/2 7.5YR 6/1 7.5YR 7/6
2.5YR 5/8 2.5YR 4/8 2.5YR 6/8
. 100 100 100
~Map Symbol Kt/Pp Kt-h/Pp Bbe 5t
Pit No. | 18 B.19 22 B.7
(B. ; Doring) — Jom Ocm Oem Oc¢m
SiL L s ¥sl
5YR 573 5YR 5/3 7.5YR 7/3 7.5YR 5/4
“5/8 —10 112 -19 : _J
L _ LS FSL 15
7.5YR §/3 | F§ 7.5YR 6/3. - 7.5YR G/8
5YR 6/8 —{30 | 5YR 6/8 25 ‘122
. sL
CL SCL {40 . |7.5YR /6 CL
7.5YR i/8 7.5YR 6/8 7.5YR 7/6
2.5¥R 6/8 55 {53 55
CclL scL
-67 17.5YR 5/8 5YR 6/3
CL :
2,5YR 7/2 Literite 70 % J70 CL
4/6 L Pan 7.5YR 7/8
-« -{80 | 'BYR 3/6 -{80
¢
2.5YR /Y c
4/4 2.5YR 4/8
¥ 100 100 —1 100 100
LEGEMND
~1.Color : Munsell's sel) color name 3.Rate of gravel conlent
' © . Bue Value/Chrona . <5 X
. Example ; 10YR 3/1 <. 5 to 15 %
R 15 to 40 %
‘2, Texture & clay [
o skl -y 51 4.Groundwater Level @ ¥
sand, .~y s N
loam, -y - L
(fine " F
Sandy clay Isam

Example;

SCL
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APPENDIX C. AGRICULTURE

- C—l -' P'reSen't 'Praétiice of Rice Cultivétidn |

_ Rlce is the main crop in the project area and its technical improvement
has ‘top priority in agricultural development. To understand the present
condition of rice cultivation, data in 1987/88 rainy season collected by DOAE
were summarized in TableC-3 (1/3) ~ (3/3). No direct seeding was observed in
the ares SO far : -

(1) Planting Conditions -

Most of the planted areas are under non- irrigable condition except a
smali area in Tambon Kradlen where glutinous rice is cultivated.

Upland rice area was observed in two Tambons in Yasothon and all of
them are glutinous rice. Ratio of glutinous rice and non—glutmoub rice in the
all related- Tambons is 73 : 27 but the ratio in the field survey is 91 : 8. The
: dlf'ference is due to sa.m;)hng size.

@ Y1eld

= The average yaeld in n&n-xrmgable areas of related Tambons according
to the data collected by DOAE is 324 kg/rai (2.0 tons/ha) including glutinous
and non-glutinous but in our field survey it was 173 kg / rai (1.1tons/ha). The

reason of the difference may be due to sampling method. No obvious difference
is observed between the yield of glutinous and non-glutinous.

@ Véﬁe"ty . -

R Ahnost all farmers are usmg recommended phote- senm‘mve varieties
such as RD8 (glutmous) and Khao Doak Mali 105 (non-glutinous). In the field
~survey 88 % of paddy field i is covered by HYV, which includes these varieties
- (Table C-4), Newly released high yielding varieties such as Neo Ubon 1
(glutinous). RD 15, Khao Pak-Mawn 148, Khao Jao Chumpae-60 are not still
' papular



(4) Seed Renewal and Others

Majority of farmers are changing seed withih four seasons like Tambon B
Kham Laj in Amphoe Sri Muang Mai, Ubon Ratchathani, In case of seli-
supply, seeds are harvested from the plots specially prepared for that purpose -
from the beginning or separated plots just before harvesting, - But some
Tambons such as Na Khai, Tan Sum, Ubon Ratchathani, have no special plot
for that purpose. Seeding rate per rai is between 4.2kg and 8.4kg according to
the field survey with the average of 5.2kg. _ B - :

(6} Starting Cultivation '

Onset of rice cultivation in the Tambons of Yasothon is evenly
distributed for two months, mid May to mid July but that of Tambons in Ubon -
Ratchathani varies with some concentrations. The difference may be due to the
amount of rainfall, ' '

(6)  Fertilizer

All farmers are applying fertilizer. In some Tambons in the east and
central south of Ubon Ratchathani, less than 20 kg/rai at one time is applied.
In Yasothon, the amount of fertilizer and its application time look reasonable
than that of Ubon Ratchathani. According to the field survey, an averaged
sampled farmer in five project areas is applying 15.4 kg/rai. Recommendation
of DOAE, Ubon Ratchathani, on fertilizer application to paddy is 20~30 kg/rai
of compound fertilizer at the beginning and 10~15 kg/rai of urea at booting
stage. - - '

(7 Harvesting and Winnowing,

Almost all farmers are harvesting at right time and drying in the fields
for 1~3 days except some areas in Yasothon, As for winnowing, screening of
harvested paddy by wind or another method are popular except one Tambon in =~
Yasothon. ' ' : '
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