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APPENDIX-A

A-1. GENERAL CLIMATE FACTOR

METEOROLOGY

AND HYDROLOGY

. Table A-1 General Climate Factor
1. Climatological Dala at A Muang, Khon Kaen for the Period 1956 - 1985
_ Jan. | Peb. | Mar, | Apr. | May Juw - Jul | Aug | Sep. | Ot | Hov Dec Year
Pressure(+1000 or 900 mbs. ) : :
Mean ’ 14101 11.88} 9.72| T7.97) 6.48| 5.2l 6517 514 7.93] 10681 13.28) 1452} 927
Beb. Max 28,131 24720 2474 21688 M. 90| 1370} 12621 13921 15 461 19701 23.77| 25.08] 28.13
Bxt. MifL . 251 0.56] 9908} 97.40( 97.40] 84 92] 6505 %5 58] a4352) LB7T| 418] 344} 9432
Mear Daily Range 557| 593] 597 568] 512 423] 404| 411 4,56 471 4981 11 4 93
TemperatureC’C : : : :
Mean %8] %8| BT 01| 22| 288) B/O} 2067 LWOP 6.5 248] 228 26.8
Mean Max. 30.3) 327| 3kHI WH| 348 33.3{ 326} 320! 3L5| 8.3| 308 299 326
Mean Min 157 19.1 22:2| 24| 247 247 2.2 24.1 23.6 23 19.3 16.3 217
Bxt. Max 3r.2| 410} 418 428 4l.2| 39.4| 380| 380G| 359 354 304 H.8] 428
Ext. Min 57 -10.4 1031 16.4 15.8] 207 20.2] 28] 193] 140 9.4 5.6 9.6
Relative Humidity(¥) : :
Mean - 63.91 624 59.3f 630 720 THA| TL4| 7O 820 Tl 0.5 665 70.8
Mean Max 85.9( 8249l 80.4( 82| 8.8( 831 904 9L61 935| 91.4| 8.8} 83| BL6
Mean Min 41.4] 40.8] 386 42%5| 528 58.7| 6Ll 640! 656 H58.3| 49.4| 441 bl.h
Ext. Mimn - 110 10.¢ 10,0 14.0] 260} 330| 340, 31.0| 450) 26.0] 2.0 15.0 10.0
Dew Point("C)
Mean 19201 170 191} 2151 230 226! 2351 2367 2437 2L9 8.6 157 2.6
Evaporation(mm
Mean ~ Pan - 15421 1614 21171 216.6] 198.5| 171.4| 1655 150.0) 137.0) 1523 15L.0) 152.4 2020. 0
Cloudipess(0-10
Mean 3.0 3.4 3.6 5.0 6.9 8.0 6.0 8.5 7.8 2.7 4.2 3.9 0.6
Sunshine Durationthe) :
Mean o855 2528 25 2] 226 2446 186.1] 1824 159.5| 1652 236.6| 223 2833 2766. 0
Wind(knols) '
Prevailing Wind NE N NE v S W ¥ 5w N NB NE NE -
Mean Wind Speed 20 21 24 24 24 27 28 26 1.8 21 24 24 -
Max. Wind Speed o3 B 40 46 47 49 55 40 3 34 33 35 55
fainfall(om} S : :
Mean 1.6 132 su1| eo7] 167.7| 176.9) 1634 1927 262.0| 87.2| 139 33| 1767
Mean Rainy Uays .91 26 38 6.8( 136 144 157 171.7]| 182 9.3 1.7 0.7 1055
Greatest in 24 hr 292 63.4 51.8] 65.7| 817} 1334 928 1348 146.6] 1245 8L 2.6 146.6
Day/Near o0/691 3/661 2/82| 6/657 HFT1| 26/83| 26/63| 12/78 T/t %69 W0/ 20/71 1/82
Mumber_of Days With . :
lfaze 25 23.5 265 183 24 on 0.1 0.0 0.2 2.1 70 143 116.9
Fog 0.3 04 0.2 0.1 0.0 o 0.0 01 0.0 0.4 0.1 04 20
Thunderstorm 0.2 L7 48 11. 8 18.6 147 Mo 13.1 14 4 6.3 0.5 01 0.2
Note Station : A Muang, Khon Kaen flevation of Station Above MSL 165 m
londex, Station : 48381 Height of Barometer Above MSL 166 m
latitede : 16 28" N Height of Thermomeler Above Ground 1.25m
Longitude : 102° 50" B Height of Wind Vane Above Ground  10.55 m
’ i Height of Raingauge LO0m
Sunshine Duration 1957 - 1985
Evaporation 1962 - 1985
Source : Climatological Data of Thailand 30-Year Period (1956-1985 )
Meteorological Departmenl
9 Rainfall Data at A Phra Yur for the Period 1983 - 1988
Jan. feb, Mar, Apr. My Jun. dul. Aug. Sep. Oct. Nov. Dec. Year
Rainfall (o .
Mean Do) 2.4 21{ 0.0l 16L0] s 8l 1084 1TLS) 1824} 817 9.4 0.0 938
Source : Rainfall Record Notebook

A Phra Yun Agricultural Extension Office




Figure A-1 Variation in General Climate Factor
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Table A-2

List of Rainfall Stations in the Vieinity of the Study Area

Code |Station Name | Observated - Collected Period :
No. ~ |and Period - ; ' =
Organization [and - 19508 19603 18708 19803 19905
A |location 1mmmqqﬂagouaaqﬂmﬂM9muaﬂmaaﬂmgmﬂammmaﬂmgqn|11
(D | A Muang, h Apr. 1952-conl. Apt 195? : P rh 5.5 1989 ©:
Khon Kaen R s T
14013 Lati: 16 25 40 SRR
D) Long:102 5017 | & PRIERRERL
(2 |A Mancha | hpr.1952-cont. | Apr.1952 PibiEi
' Khiri., . . P N
14022 | Khon Kaen Lati: 16 07 30 R A
M. Long: 102 32 50 SEEEREREE
(3 | A Ban Phai, {Apr.1954-cont, | i impr.1gai i PTGl
¥hon Kaen Pl e
14042 Lati: 16 03 32 Jul 19550 ¢4 1 b
A Long:102 44 62 Pl Sl i Jul.1958 1t i
( 4) | A Phu Wiang, | Apr. 1952-cont. 'Abr11§5§
Khon Kaen _ e
14052 : Lati: 16 33.10 0ct Dec, 1083 1 R
(D) | Long:102 22 52 Apr. 1987—Var. 1088 |1 : © P
(5) | A Chum Phiae, | Apr. 1952 cont. Apr 1952 : PiiiiiiMn1989i oL
Khon Kaen -
14073 lati: 16 32 35
n) Long:102 06 12
(8 | A Chonnabot, | Oct. 1956-cont.
Khon Kaen
14143 : lati: 16 05 15} ¢ @ :
D) Long:102 37 27| : & :
{7 1Huai Yang | Apr.1957-cont.
Tank (TNK-32)
14170 fati: 16 07 50
RLD) Long: 102 28 Q0
( 8} | Kok Muang ~ | Apr.1957-cond,
Tank{TNK-34)
14190 lati: 16 27 30
(R1.D.) Long:102 40 10
{9 |Mai Toei Apr. 1971-cont.
Tank{TNK113)
14320 Lati: 16 16 15
&R LB Long: 102 49 40
(10) | R Main Cana! | Jan. 1976-cont.
14370 Lati: 16 22 12
(R l.b) Long: 102 49 37
(1D A Prra Yun. { Jan. 1983-cont.
Agricultural
Extension Lati: 16 20
Depariment Long 102 40
(12) | ADRC Sep. 1985-00nt
Lati: 16 30
Long: 102 50 AR EMat -MaxﬂSeg 198
HH = )
Note : 1} Recording Rain Gage { D). ( 5), ( 6), (12) 2) Standard Rain Gage ( 2Y,{ 3), (45, (D, (&, (9,0, (1D
3y D : Meteorological Department
Source : 1) List of Rainfall Stations in Thailand, Hydrology Division. RID,

2) Daily rainfall Data, ( D—(10) ;

an :

llydrology Division, RID
A. Phra Yun, Agricultural Extensxon Office

A~-4

(12) : ADRC
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p-2-2 Complement of Rainfall Data

Daily rainfall data for 12 rain gauging stations, in and around the
Study area were collected from the Meteorological Department, RID,
Agricultural Extension Department and ADRC. Location of the stations are
‘shown in Figure A-2. Name of the stations, sources and data period are
shown in Table A~2.

There were suite a few stations which did not have enough length of
data -period for a good statistical analysis. Therefore, to generate the
missing daily rainfall data a correlation study and a regression anélysis
were done. In the analysis moﬁthly data were used as shown in Table A-1.
The equations and procedures followed are given below;

a) Equation of linear regression obtained through the correlation study
is expressed as;
Y=-ak+hb
where X :  monthly rainfall at the key station which keeps
perfect daily record of rainfall during periocd under

consideration

Y expected monthly rainfall at the object station which

involves missing data
a.b.: coefficient and constant

b} Applying the ratio of the meonthly amount of rainfall between
stations X and Y.  Showing the highest correlation, the daily
rainfall at the object station was generated by the following
equation : y = {¥/¥)-x
where x : daily rainfall actually measured at the key station

y : synthetic daily rainfall at the object station

Shown helow are the regression equations developed and used in

the completicon of daily rainfall for different stations,

A-11



Regression Equations for Daily Rainfall

Key Station (X)

Object Station (Y)

Equation

- ( 1) A. Muang. Perfect Record Observed Data
- ( 2) A. Mancha Khiri } - do - o
2) A. Mancha Khiri [({ 3) A, Ban Phai  |[Y = 0.865X + 18.614 (R:90.4%)
1y = 1.036% C
1) A, Muang ( U4) A. Phu Wiang Y = 0.884X + 19.083 (R:89.1%)
_ : oy = 1.0M4x ' '
1) A. Muang ( 5) A. Chum Phae  |Y = 0.857X + 13.345 (R:86.2%)
' - | y = 0.982x S
2} A. Muncha Khiri [( 6} A. Chonnabot Y = 0.929% % 15.351 (R:93.0%)
1 y = 1.071x - SR
2) A. Muncha Khiri |( 7) TNK-32 Y = 0.943X + 15.168 (R:91.0%)
B . y 1;07”3
1) A. Muang ( 8) TNK-34 Y = 0.919X + 7.327 (R:90.9%)
y = 0.980x _
1) A. Muang ( 9) TNK-113 Y = 0.853X + 14.087 (R:87.2%)
y = 0.974x '
1) A. Muang (10) R Main Canal Y = 0.866X + 5.128 (R:88.6%)
y = 0.910x _
1) A. Muang (11) A. Phra Yun Y = 0.731X + 14.797 (R:81.7%)
y = 0,845x
Note R : Correlation Coefficient
Annual rainfalls and mean monthly rainfalls of 11 stations for

the period of 36 years (1953-1988) are shown in Table A-7 and A-8.

Mean annual rainfall at A. Phra Yun in the central part of the study

area is 970 mm.

Mancha Khiri are 1,180 mm and 1,030 mm, respectively.

And the same at the stations of A. Muang and A.

The former

locates in the northeast of the study area and the latter locates in

the south of the study area.

A-12




SAMPLE

S1ZE

A-13

f Monthly

Table A-4 The Correlation Coefficient and Regression Line o
Rainfall
| (1953 ~~-> 1988 1 34YEARS / UNIT : MM/MONTH )
STATTONﬁ——> X
(1 .2 {3 ¢ &) €5 (8 (P ¢ 8 9 (10 (1)
Y  A.MUANG A. HANCHA A. BAH A PHU  A.CHUM - A.CHON- TNK-32 TNK-34 TNK-113 R HAIN A.PHRA
IRI, PHAL ~ WIANG PHAE  NABOT CANAL  YUM
R 1.000 -‘0.859 “piess  0.891 0.862 0.869 0.888 0.909 0.872 0.886 0.817
(1Y A 1.000 0.854 0.915° 0.898 0.866 0.937 0.859 0.901 0.893 0.905 0.914
AMUANG B 0.000 23.352 12.207 7.503 15.824 9,056 18.013 14.054 15.146° 20.382 29.461
a 1000 1.079 1.032 0.958 - 1.018 1.033 1.020 ©1.021 1.027 1.098 1.183
N ekexx 253 272 271 266 185 224 236 116 108 41
R 0.859  1.000 0.904 ~ 0.862 0.860 0.930 0.910  0.834 0.811 0.863 0.812
(2y A 0.864 1.000 . 6.945 0.910 0.890 0.931 . 0.878 . 0.841 0.789 0.775 0.911
AMANCHA 8 7.059 - 0.000 = 2.245 «4.639 7.502 0.257 6.530 9.753 17.020 23.298  3.045
BHIRL @ 0.927 - 1.000 0.985 O0.874 0.957 0.933 0.931 0.931 0.938 0.976 0.940
T 253 - xkkex 259 233 240 179 227 187 115 9 42
- R 0.888 .0.904 - 1.000 "0.871 . 0.858 0.905 0.896 0.868 0.846 0.890 0.695
(% A 0.863 0.865 --1.000 0.865 -0.885 0.903 ©0.848 0.861 0.811 0.817 0.722
A.BAN B 11,430 18.61%4 0.000 ~ 4.314 13.527 4.249 14.195 10.182 14.912 20.076 27.807
SHAI 0 0.969  1.036  1.000 -D0.900 ©.987 ©0.965 0.969 0.951 0.945 0.99%6 0.981
N 272 259 wkExx 240 250 188 229 208 121 103 39
R 0.891 . 0.862 0.871 1.000 ©0.883 0.872 ©0.881 . 0.889 0.830 0.871 0.74¢6
(4 A 0,884 0.815 0.878 1.000 0,951 -0.888 0.851 0.862 0.775 0.850 0.848
APHU B 19.083 36.894 24.328 0.000 18.542 24.063 30.813 25.375 39.425 29.879 64.099
WIANG @  1.044 1.t44 1.11%  1.000 1.120 1.104 1.102 1.064 1.093 1,078 1,193
N et 233 240 Aakex 248 156 23 219 109 80 31
R 0.862 0.860 0,858 0.883 1,000 0.792 0.855 0.853 0.780 0.868 0.79%
(s A 0.857 0.831 0.851 0.819 1.000. 0.831 0.771 0.791 0.810 0.878 0.855
ALCHUM 8 13.345 22.8L0 17.816 9.085 0.000 16.810 26.024 16,325 16.576 16.867 27.181
PHAE @ 0.982 1.044 1.013 0.893 1.000 1.004 0.984 0.933 0.961 1.038 1.100
0 264 240 256 248 wRxex 163 210 202 107 78 &4
R 0.849 0.930 0.905 0.872 0.792 1,000 0.888 0.851 0.875 0.870 0.808
{6 A G,.804 0.929 0.906 0.855 0.754 1.000 0.841 0.84& 0.326 0.787 0.865
A.CHON- B 15.797 15.351 12.706 6.147 23.719 0.000 15.03¢ 15.054 17.238 26.519 20.398
MABOT &  0.968 1,071 1.036 0.906 0.996 1.000 ©.983 ©0.988 0.973 1.030 1.055
N 185 179 188 156 163 Akxx 174 156 124 106 40
R 0.888  0.910 0.896 0.881 0.855 0.888 1.000 0.879 0.855 0.892 0.711
¢7) A 0.918 0.943 0,947 0.912 0.948 0.938 1.000 ©.,906 0.850 0.826 ©0.929
THE-32 B 7.130 15.168 9.400 ~0.621 7.613 8.32& 0.000 8.65%1 16.750 12.743 17.895
Q 0.980 1.074 1.031 0.903 1.016 1.018 1.000 0.982 0.992 0.937 1.094
N 224 227 229 213 210 174 ST 23 211 117 73 0
R 0.90% 0,83, 0.868 - 0.889 0.853 0.851  0.87¢ 1.000 0.887 0.887 0.756
(8 A 0.919 0.826 0.876 0.917 0.920 0.855 0,854 1.000 (.840 0.854 0.788
TNK=34 B 7.327 24.941 18.711 2.938 16.276 16.402 18.428 0.000 18.632 24.384 49,921
a4 0980 1.074 1.051 0.93% 1.071 1.012 1.01% 1.000 0.996 1.073 1.208
N 236 187 708 219 202 156 211 wkmEk 110 86 26
14 0.872 0.811 0,848 0.830 Q.780 0.875% 0.3855 0.887 1.000 5.878 0.772
¢9) A 0.853 0.833 0.882 0.890 0.751 0.928 0.861 0.936 1.000 0.836 0.72%
TNK-113 B 14.087 24.866 18.504 3,433 30.525 11,312 17.141 7.987 ¢.000 18.970 39.930
6 0.974 1.066 1.058 0.915 1.041 1.027 1.008 _1.004 1.000 0,989 1,057
N 116 115 121 109 107 124 117 110 Fokkkok 84 32
R 0.886 0,863 0.8%90 0.871 0.868 0.870 0.892 0.88? 0.878 1.000 ¢.837
(10> A  0.866 0.960 - 0.970 0.892 0.85¢ 0.961 0.963 0.921 0.922 1,000 0,832
R MAIN B 5.128 7.358 3.805 s.018 11.312 1.112 11.148 1.276 10.885 G¢.000 16.639
CANAL 4Q 0.910 1.025 1.004 0,928 0D.9463 0.971 1.067 0.932 1.011 1.000 0.980
H 108 96 103 80 78 106 73 B6 B4 wxkax 42
- R 0.817 0.812 0.695 “0.746 0.794 0.806 0.711 0.756 0.772 0,837 1.000
(11 A 0.731 0.724 0.668 O©.858 0.737 0.752 0.544 0.725 0.822 0.842 1.000
A.PHRA B 14.797 33.813 37.064 -2.721 20.946 22.267 43.796 14.799 15.708 19.719  0.000
YoM @  0.B45 1.066 1.020 0.838 ©0.909 0.948 0.914 0.828 0.946 1.021 1.000
n A1 42 39 31 (X4 40 30 248 32 42 Tk ELE
NOTE R+CORRELATION COEFICIENT
REGRESSION LINE:Y=A-X+B
Q: TOTAL RAINFALL RATIO (Y/X)
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Table A-5 Complemented Monthly Rainfall at Various Stations
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Complemented Monthly Rainfall at Various Stations (continued)

FEB - MAR  APR  MAY R

COMPLEMENTED MONTHLY RALNFALL AT (4) A

JAN

YEAR

&0
L9,

56.1 42.4 106.4 112.0 195.7 430.1

41.4 32,8 255.5 480.6 127.1 142.3 192.3
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0.0 10.8 45,4 184.4
1.5 127.2 194,46 1

0.0 28.4 108,35 47.2 122.9

0.0 24.3

0.0

4.4 11243
75,1 146231
665.0

0.0

17.5
0.0

24.8 50.8

75.1 167.4 147,4 138.8 156.2 256.7 - 98.1
4.3 28.9 11.2 28.0

134.0 104.9 118.5 290.3 408.0 537.8 359.1 314.0 632.8 277.2 154.%

0.0

0.0

17.3 37.5

7.8
0.0

MEAN

MAX
MIN

1054,2
586.8

7.3
0.0

0.7
0.0

1
0.0

58.7

15.9 35.3

25.8 43.2

0.0 0.0

2.6 11.3 32.5 58,8 161.2 133.8 130.3 134.46 255.& 115.8
0.0

3G.2 64.3 108.5 148.3 265.9 349.4 340.8 296.5 540.8 394.0 65.9 107.5 1382.7
0.0

MEAN
MAX
MIN
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Complemented Monthly Rainfall at Var
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AUG  SEP OCT  NOV

JUb

JUN
481,46 127.6 14%.7 192.7 49.9

262.8 42.4 77.4 226.7 81.4
106.8 112.3 196.1 431.3 60.5

1
5
2

COMPLEMEN(ED MONTHLY KAINFALL AT 47} HUAL YANG TANK CINK-32)
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0 1438.9
.4 1186.0
L0 1304.0
.0 1053.7
.0 14805.2

QOO0

363.9

2.6 12197
0.0 1258.3
0.0 10251
3.7 1116.4
52.3 1595.3

0.0

0.0

0.0

~11.2 20.0 49.8 72.3

9.0

0.0

0.0

46 12.2 267 69.9 144.3 164.4 154.2 166.1 258,28 99.4 12.0
6.0

33.8 80.1 106.9 258.1 324.4 419.5 396.7 375.6 521.1 273.5  86.1

Q.0

MEAN
MAX
MIN

3.3 1097.4
409.2

1B6.4  92.1 110.9 226.6 316.6 481.6 358.4 279.0 594.5 316.6 100.0 65.2 1624.6
0.0

0.0 0.4 3,0 0.9 12,4 834 0.0

0.0

§.3 10,0 29,0 75.2 154.0 141.1 140.7 147.3 273.1 105.9¢ 11.4
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MAX
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Table A-f
fE8

JAN

YEAR

A-138

231.9..
100.6
©126.3

91.9
142.7
1 186.9
222.0
3694
179.9
349.4
19.6

681.8
921.0
852.6
965.6
566.9
91816
.584.3
788.6
1041.5
556.6

913.7
157 1021.6
~1167.8 1041.5 -
9445 :
0.0 11083 .
753.8
1140.6
95307
968.5
86.2 22.7 1249.4
650.2

G.0
0.0
2.2
0.0

0.0

12.4

0.¢

0.0 11,5 33.0 33.7 62.8 24.7

0.0

3.4 13.2 23.9 54.8 139.1 145.1 124.1 151.7 226.5 71.1
0.0

52.9  92.3 163.3 160.7 298.3 394.1 283.0 329.3 501.4-165.1

0.0

1986
1988
MEAN
MAX
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Table A-T7

Annual Rainfall in the Vielnity of the Study Area

{ Unil : mm )

2) Station hame

(DA
(2) A
(3) A
(404
(5 A
(6) A
{n
(8
(
(

Muang, Khon Kzen
Marcha Khiri, Khon Kaen

Ban Phai, Khon Kaen

Phu Wiang, Khom Xaen

Chum Phae, Khon Kaen

Chornabot, Khon Kaen

Huai Yang Tank (TNK-32), A Mancha Khiri. Khon Kaen
Yok Muang Tank (TNK-34), A. Meang. Xhon Kaen

D) Heai Toei Tank (ink-113), A. Muang. Khon Kaen

10) R Main Camal, A Muang, Khon Kaen

{11} A Phra Yun, Khon Kaen

A-19

Year {n (D (3 | D {5 (6 (D (8 ) (0 (1}
A Muang | A-Mancha | A Ban A Plw 4. Chum | A Chon- |TNK-32  {TNK-34 | TNK-113 |R Main |A.Phra
Khiri Phai - Wiang Phae nabot Canal Yun
1953 1359 . | 1223 {1267) 1498 978 1310y | (1313) | (1332 | (1324) (1237) | (1115)
1954 | 1317 956 { 802) 1354 1127 (025) | oemy | Qs | (1283 | (1198 | (100
1955 1009 1249 (1270) 1067 941 (133) | (342 | o8 | Qo) | (1001) | ( 928)
1956 -881 1166 1242 1300 ) 1014 | C(i2am) | (i2s2) b (863 | (85®) § (80 | (TIT.
1957 [ 1108 1067 1833 | 1308 1259 (1143) | 128y | (795 | (osoy [ (1009 | ( 913)
1958 1243 1427 1548 1170 1150 (1528) 1043 364 (lz11) | 13y | o8
1959 | 1185 1364 1048 1017 e b ey oo Lo | Quesy §o(0s) | 972)
1950 951" 08 | . 971 1217 . 825 {759 674 1155 (93 | (8m) | (81
et | o122 | ouos | onss 1191 - 1151 (1601) 890 1634 ey | anu | ¢ o8
1062 1233 .| 1281 1200, |- 1248 1237 | (1351 1329 1449 (1202) | (1122) | (0@
11963 1256 1248 182 | - 1324 1142 {1338) 1160 961 (1263) | (1180} | (L0BB)
1964 1214 1516 1192 1986 1358 (1623) 1625 1201 (1183 | (110%) | (1020)
1965 219 936 240 1083 64l {1002} 598 985 (898 | (837 | (75D
1966 1338 992 1507 1521 1382 { 936) 1222 1063 (1305) | 1218y | (1108)
| 1967 g3l 1070 747 1003 014 05 1241 391 (oo7 | (84 | (769
. 1968 1148 828 1026 1218 848 706 1002 1096 Gun | QoA | (952
1969 1244 1098 1382 1227 950 1378 1450 1311 (1212) | (1132 [ (1045)
1870 1340 746 1606 1307 1040 860 866 1218 Q1305 | Q21 | ()
1971 1199 988 1204 1325 1050 1219 926 | 1595 (1173) | (i091) | ( 968)
1972 4 -1077 CTIT 855 986 837 102 q25 a76 631 (980) { (899
1973 779 745 722 1105 1137 665 662 806 856 ¢ 709) | ( 650}
1974 1151 T 874 1004 874 927 1007 950 879 (1047 | ( 932)
a7 1460 801 1040 1306 971 1022 1184 1385 1227 (1329 | aumn
1976 1097 i1 1212 1418 954 1221 1439 1204 852 937 ey
1977 1216 855 761 (123 | (1221 1021 1186 1116 §70 960 {1022)
1978 1390 1230 1497 (1536) | (1368) 1390 1304 1416 1358 (1523 | (1168)
1979 177 1213 1214 1142 (1049} 1197 1052 1018 1000 118} ( 95
1980 1327 1463 1364 1782 1343 1556 1605 1461 1510 1224 (1108)
1981 1064 765 855 - 1042 587 849 609 q74 1243 810 { 864)
1982 1480 1158 1099 1142 1091 1172 1259 1100 1322 oo {124
1983 1287 a05 795 (1283) 1247 931 1049 1559 L8 242 902
1984 1245 863 845 993 906 a6l 1089 1189 870 1151 876
1985 902 778 1064 1263 993 881 767 768 1043 869 859
1986 1085 590 ( 611} 1198 37 815 810 1220 863 804 754
1987 1284 906 1189 (1360} 1037 1069 (985 | (1258) | (H194) 912 1141
1988 1255 768 £304 ang 1383 983 (10 | 125y | (L5 1131 054
Mean us | 105 1092 1235 1054 1124 1097 11186 1696 1050 969
Max. 1430 1516 1548 1782 1383 1623 1625 1595 1510 1523 1249
Min. 779 590 611 966 587 565 609 364 631 709 650
Note B} ( ) : Complemenied Data




Table A-8 Mean Monthly Rainfail’ in the Vicinity of‘-tbe_ Study Area

Jan. | Febh. Mar. “hor. | May Jup, 0} Jul. | Awg. | Sep. | Oct. Hov. Dee. | Annual [MAY. - | 0ct.-
' . : b U R : S B Sep. | Apr.
(n 6| 13| 30| e wo | wa ) ] 1w | o9 | ss - 3| 3| iuso | s0 | 22
A Muang] (1) (D) (B (1 | 8] Q| asy| @ (D] n (B aom| (81 19
(2 al | s | om | re | s | oz | 4l | w7 s ] 13 a | 1wz | 99 | 2%
piancha | (D] (D] (»] (n| x| an] 0| G| el (8| (nl (o] | G| @
Khiri o e ' o
(3) sl 17} s | w | wss | oo 19| 134 27| 05| 2 4| 1002 | s23 | 260
A Ban (B (D] (HE D} Q| Q] a2 | a2 L am i (| (] Qi @] @
Phai , ' :
(8 51 14 s | 7] o3 1) ] ass | o255 | 108 | 13 3] 1235 | o8t | o254
aew | ol ool v (w] an| oo ao| am] en] o (o (o amy| @] @
Wiang : = . . O
(5 3| n} 32| sof e | 4] wo| s | oes | one | u| 7|wse] 85| 2w
AChm { (D] (B (D] (D Q8| (| Q2] A | (24) (" (D] (1} aoy | n 6]
Phae :
0 8| 17}t | 75| 17| wr | 9] 56| 7| e8| 18 41 n2a | 86 | o
Acthon- | (D] (p| (] (n] | | | | @ (9| (| (L] aw| o] @
nabot ) :
(n 6 w| 200 75| wsl | | 49| 2:3] w081 12 31 1007 | ss6 | 2a
TNK-32 (| (2] (D] (14 (13 3 13) (29) @) (n (D o) 78 (22)
(8 s| 12| 2| 7| 4| 164 | 15a| 16| 29| e | 12 A uws | ssr | 2
™3 | (| (D] (2] (w] | an| an| | @ (9| (D] (D] | | )
(9 s| | 30| e2] ws| wo| 2| w2 23| e8| 12 3 | w09 | g2 ] o2
THK-113 (B (n (2 ( 8) &) asy | axn| a8 | 23 (D (@) D] ooy | (80 20
am 5| 12| 20| 57| 152 | 166 | 133 | 69 | 234 | | 13 & | 10s0 | 854 | 195
R Main (D] (D] (3 (9 ] G| U3 a8 @ (nh (DL (D3 ooy | (81 (19):
Canal .
(1) 3| 13| 20| ss| 1w s | am | 2| 2| m 12 2| o9 | 789 [ 180
APral (D] (D} (2] (& an] | ad| aw] @ | (n| (o} (o| amy| 6Go| g
Yun
Note EEE—
——— Mean Monthly Rainfail (mm)
{ ) —Ratio (%) to Annual Rainfall
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A-2-3 Areal Rainfall

Areal rainfall of the study area was estimated using the rainfall of A.
Phra Yun Stabtion by Thiessen method as shown in Appendix Figure 1-3.
Monthly areal rainfall is shown in Appendix Table A-6. Mean monthly areal

rainfall is shown below ;

Monthly Areal Rainfall of the Study Area

(Unit : mm)
Jan. | Feb. | mar. | apr. May Jun. | Jul. | Aug.
3 b 13| o 55 139 145 126 152
(N 1) (2) (6) (14) (15) (13) (16)
Sep; Oct.f Nov. ‘| Dec. Annual Wet Dry
227 7 | 1 2 969 789 180
(23} . (7) - (1) - P (100) (81) (19)

Note Wet : Wet Season {May - Sept.)
Dry : Dry Season {Oct.- Apr.)
( ): Ratio to Apnnual Rainfall %
The results of the analysis for probable rainfalls are presented
in Table A-9 only 2 years, 3 years, 5 years and 10 years probable

rainfalls are presented below ;

Probable fireal Rainfalls of the Study Area

Probable Approximate Annual
Years Year Rainfall mm
172 1988 954
1/3 1984 876
175 1981 864
1710 1960 811

Areal ratio by Thiessen method and mean areal rainfall in the

upperreach of Huai Yai outside of the study area is as follows;

A-21



Areal Ratic by Thiessen

Station Drainage Area ‘Areal .Ratio _
( 8)  TNK-34 57.6 kn?- | 7.9
(11) A, Phra Yun 60 .4 km? 52,69
Total 121.6 kme 100.0%

Monthly Areal Rainfall in the Upperreach of Huai Yai Qutside
of the Study Area ' :

(Unit : mm)

Jan. | Feb. Mar., :_ fpr. May | Jun. ] Jul. - ‘Augi

y 13 25 | 62 12 By | 139 159
Sep.- | Oct. Nov. Dec. Annual Wet © bry
242 | 84 e | o3l 139 836 203

Note Wet : Wet Season (May - Sept.)
Dry : Dry Season {(Oct.- Apr.)

Areal rainfall in the upperreach of Huai Yai outside of the study

area is shown in Table A-10.
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Table 8~9 The Result of Probable Rainfall Analysis

Anpual Rainfall

Ra'i nfall

Wet Season Re Dry Season Rainfall -
~ (May. - Sep. ) * (Oct. - Apr.)
Rainfall Probable | Rainfall |’ Probable | Rainfall Probable "
{mm) | Year - {mm) | Year " (mm) | Year
1953 1115 880 235
1954 - 1100 811 189 o
1955 - 928 2.5 848 80 - 115
1956 Y 38.7 - 570 26.4 147 2.7
1957 a13 2.8 - 751 - 2.5 ‘182 2.2
1958 1016 791 996 .
1959 972 812 : 61 24.5
1860 811 7.8 683 4.4 127 3.6
1961 989 72 2.1 217
1962 1018 903 115 4.5
1963 1086 804 282
1964 1020 748 2.5 272
18965 Y 18.0 557 - 36.3 201
1966 1108 : 850 958
1967 . 769 14. 7 686 4.3 83 0.5
1968 952 2.1 199 153 2.5
1969 1045 711 2.1 274
1970 1104 951 153 2.5
1971 968 795 172
1872 88H 3.1 bGh 29.7 330 .
1973 650 232. 4 631 8.7 20 327. 6
1974 032 2.5 688 4.2 244
- 1975 1117 979 138 3.0
1976 914 2.8 682 4.5 232
1977 1022 §21 101 6.2
1978 1168 1042 126 3.6
1979 945 2.2 853 92 7.9
1980 1108 366 143 2.8
1981 864 4.2 697 4.0 171
1982 1249 049 301
1983 992 847 145 2.7
1984 876 3.7 767 2.2 108 h 2
1485 899 3.0 97 2.4 - 142 2.8
1986 H4 19,1 567 28.6 187
1987 1141 919 222
1988 954 2.1 584 18.7 369.
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252.5
203.0
85.¢9
S 2624
i96.8
272.0
-275.0Q
179.1:
274.0
i18.¢
i35.8
245.7
158.3

925.5
1153.3 1000.0

834.6
1264.9 1075.1

MM 3
‘748.0
753.0
8231.0
686.4
813.1
708.1

-0 1222.0 1025.%2
.0 1027.0
.0 1106.0

.0
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9866
212.5

¢ UNIT
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0.0

12.7
0.0
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A-3 HYDROLOGICAL CONDITION

A-3-1 Study Area
1) Drainage Area
. In the Study | Out of the Study Total
Basin
. Ny Area km2) - Area (km2) {km2)
Huai Yai Basin 101.0 126.8 227.8
Huai Yang Basin - 80.3 o - 80.3
Huai Phra Nao Basin 19.4 B S T79.h
Swamp L 0. - 104
Chi River Basin 10.7 - 10.7
Total 341.5 126.8 468.3
2) Stream Gradient
River Upper Middle Down Stream | . Mean
Stream - Stream o _ -
Huai Yai 1/370 - 1/570 1/680 1/590
Huai Yang 1/350 1/630 1/620 1/520
Huai Phra Nao - 1/320 1/380 1/320 1/340
3) Installation and Observation of Staff Gauges |
20 staff gauges were installed in the study areai as shown in
Table A-11. The loecation is shown in Figure A-4.  After the
installation, the water level at 11 points of the rivers and 9
peints of the points were observed a few times and the ohservation
will be continued to the next dry season at intervals of one time of
every week, _ .
The results of the observation are shown in Table 4-12 and A-13,
4) Existing Ponds

21 existing ponds in the Study area were investigated lor surface
area, mean water depth and reservolir capacity in dry and wet
seasons, Location of these ponds are présented in Figure A-4. Only

total amount of these data are presented bhelow:
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Results of the Investigation of Ponds

Total Mean Water Depth Total Reservoir
Surfabe Ares (m) Capacity (MCM)
(ki) Dry Wet Dry Het
Swamp in Lower-reach 12.6 1.9 2.6 23.5 32.7
Pond 1.1 1.9 2.4 1.4 2.6
Total 13.7 1.8 2.6 24,9 35.3

Average disoharge loss is estimated at about 10 mm/day according
- to observed records of staff gauges and water depth in dry and wet
season as shown in Table A-1d.

5) Existing Diversion Structures

In the study area, there are many existing diversion structures.
Existing S.S.1.P. project in Changwat Khon Kaen is presented in Table
A-16.
6 rai/kme (1 ha/kmz), and average irripgable area per structure is about

300 rai (48 ha).

According to the data, irrigable area per the watershed area is

Therefore, irrigable areas covered by the existing diversion
structures of Huai Yai with 5,400 rai (864 ha). Huai Yang with 1,500
rai {240 ha) and Huai Phra Nao with 3,000 rai (480 ha) are estimated as

follows;
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Estimation of the Exibing Irrigable Area and

Pond Reservoir Capacity of 3 Rivers Basin

Drainage Area :  Estimated = | Pond Reservoir
Basin ; kme ' Number-of-_lrpigable fArea| Capacity MCM
. e Structures . :
Section| Total rai ‘ha | Dry Wet

Huai Yai Basin (227.8) ((18)(Weirs)|(5,400) | (864) | (0.014) | (0.145)
Upper-stream | - | 169.2 [(10) (3,000) | (480) | (0.008) | (0.054)

in study 7.6 - 10 3,000 u8o 0.008 '| 0.054

area o

out of - 121.6 - - - - - -

study area '
Middle-stream| 14.1 | 183.3 2 600 | 96 | 0.005 | 0.068
Huai-Si Phung| 17.0 S . S - - -
Down-stream 27.5 | 227.8. 6 1,800 288 | 0.0019 0.023
Huai Yang (80.3) | (5){Weirs)!(1,500) |(240) | (1.141) | (1.891)
Basin
Upper~stream | 23.6 | 23.6 | 1 300 | 48 | 0.008 | 0.079
Middle-stream| 32.5 56.1 3 900 144 0. 484 1.116
Huai Wang Hin 7.7 - - - - - -
Down-stream .| 16.5 80.3 1 300 h8 0.619 0.696
Huai Phra Nao (79.4) (10)(Weirs)|(3,000) | (480) [(0.075) |(0.182)
Basin ‘ .
Upper-stream 30.1 30.1 2 600 46 - -
Middle-stream| 49.3 65.4 6 1,800 288 - -
Down~stream 1.0 79.4 2 600 96 0.075 0.182

Note

Irrigable Area =

A-28

Number of Structures X 300 rai {or 48 ha)
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| LONGITUDINAL PROFILE HUA|I YANG |

FIGURE A-~6 LONGITUDINAL PROFILE OF HUAI YANG
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FIGURE A-7 LONGITUDINAL PROFILE CF HUAI PHRA NAD
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Table A-12 The Observated Records. of Staff Gatges

, _ - : . PRI, u'“t"]) N
Staff River | 20th | 2051 22nd | 23rd | 24th § 27th | 30th | 81st | 4th|-5th| 7th | 10th | 11th | 141k | A5th | 16th |-
(auge or hug, |Avg, | Aug, | Aug, | Aug, | Aug, | Aug, {Aug, | Sep, | Sep. .| Sep. | Sep. | Sep.: | Seép,. | Sep. | Sep.
No. | Pond [ 1990 | 1990 | 1990 | 1950 | 1990 | 1990 | 1990 | 190 | 1990 | 1890 | 1990 | 1990:| 1980 | 1990 | 1990 | 1950
S [River | #0680 x| x| *| #| x|ov2| x|ose{066]058]057| w| x| *
S2 | -do- | *{086| | x| x| x| x|rs2| x|1i7{r1g)oesionr] k| x| x
§3 | -do- | #[0.39] k| x| x| %| *[037(050]044]030]{0.65]0:48] #| %] *
s4 | -do- | ox| xlomf w|riz| x| x| #| x|oorlogsloor{nos| k|Ld0] %
$5 |Pond | #|0.48] #jo48| x| x| x|os7| *x|oez{o63{064]065] | *[078
56 { do- | x|o7f x| x| x| *| xlowm| x{owujomlonmfon|onlen]| *
§7 1 do- | #|0.80] x| xlomjo7o]ossfoes| |o95]o0s{noali00l09| |03
$8 | -do- | s|o7s| k| #{ x| x| %|oso| *|ossosr{oefoel wlow| =
$9 | -do- | x[095] | k] x| x| %| x| x|Lofogsiii|riw| ow]ros]| *
$10{ do- | % |L18] k| *| k| k| x| | x|va|rar|res|Les| x| x| *
511 {River | w|osal #] ) | x| x| sxloes|oesfosefosofossfosefose] *
s12| -do- | xlLos| x|roa] x|nor] | | #|r19|115|0.96[L08| # | #| %
$13| =do- | x]0.55| %| | *|o63j06a]| x| w|un|o6o|0rs|o7s] k| x| *
S14]-do- | w(noal | | x| x|l | w|o7|orr|Los| o8] k| x| *
S-15F -do- |1 14}1.14 * * k- sk _ ES b3 * 11,591 1.51 |1.57]01.69 * %k *
516 |Pond | % |voa| s |vot] %] k| w|iu] x|oss|os|uiz|iwejiu] x| *
S17) -do- | *|0.01| xlo80] s|oo3|ror|tos]| *{ros|ioo|rsi{ide] x|Lse| *
s8] -do- | w|vat| x| x] x| x| #| *| s|rs|L1a|rer]rae] || =
510 |River | *|0.67| | | | #| *[vra1f140fr 40|03 Las|raa} *[1s6] =
52| -do- | wjost| x| | x| *] *foszjoss{esejonzfoe|ose] x| ¥| *
Staff River | 18th | 25th | 5th | 14th [ 215t | 28th | 7th | 13th | 23rd | 5th | 11th [ 25t | 8tk | 25th | 10tn | 26t
Gauge or Sep, | Sep. |Oct. 1 Oct. 1 0ct, [Ocl, | Nov, | Nov. | Nov, | Dec. | Dec, | Dec, | Jan, | Jan. | Feb. | Feb,
No. | Pond {1980 [ 1990 { 1990 | 1990 | 1990 { 1990 | 1990 | 1990 { (990 { 1990 | 199G [ 1990 | 199t { 1991 { 1991 | 1981
S-1 {River )0.62]0.550.69|0.5¢|0.70|0.50 [0.78 |0.83 [0.75 | 0.68 [ 0.65 | 0.58 {0.45 [0.a0| —| -
$2 | -do- |1.17]0.98|0.99|1.03|L13{ro7|L15[110f118}1.16]110{0.96|0.87)0.790.72] 0.3
$3 | -do- {1o1|048l00s o a0l oofassfodl|oaafoa] ~] —] —| -} ~] —1 —
4 | do- f1.33{125]175| 148|178 [1.35] 121 095]0.70]0.66[0.63] 055048040036 =
56 |Pond [086]ro6|Lar] | #| | ®| s| #| w=| x| x| x| x| x| x
$-6 | -do- [0.73]0.72|0.73|0.77]0.82|0.75|0.74 |0.72 | 0.64 [ 0.60 | 0.59{ 0.5  0.47 | 0.40 | 0.35 [ 0. 20
87 | ~do- |Li2]L 13| 129 145 {054 154|160 |1 61|57 |1 53} 1501 45|14 034] 7] 119
58 | -do- |1.00]1.20|1.32]1.331.34| 124|141 12| 108|104 ]1.03|0.98]0.93|087 |0.79 [0.72
§9 | -do- [L13{112]125]1.30 | 142|042 |14z |1 401 36| a0 |1 20| 124|158 112|120 ] 1568
§100 ~do- [163]L 67 {1 781,68 .76 |1 67| 158|165\t 48] a4 |1 42]135 (032 a5| 120|112
s-11 |river [o67|0.a7fos9] x| x| #| #=| #| x| #| x| | -] —] | —
s-12] do- |1.28)0.75)1.04}0.80} 1.5 079085 |0.82)0.62]0.54]0.49]0.43 | 1.58 | 0.59] 0.50 645
$-13| -do- [0.84|0.78|0;80 087 092|082 {0.75 [0 o a7 |ass|oaa| — [ —| = =l —
S-14| -do- [1.62]0.75]1.87]0.560.95 0.7t |0.73 |0.76 |0.86 | 0.24 |0.76 | 0.59 [ 0.48 | 0.38 | 0.37 | 0. 10
15| do- | 197|127 | 164|170 | 1.77|1.49| 133 | 1.30 | 0.97 | 0.94 [ 0.9t | 0.82 | 0.76 | 0.67 | 0.50 | 0. 42
$-16 {Pond f1.30]1.06}1.07|1.02|107]|0.98}0.98|0.93|0.88]0.81 |0.80}0.74 0,67 |0.63 |05t | 0.45
$-17 | -do- | 165|165} 173|178 L7 | 163150 156|152 (145 1.44] 137|131 | 124 |1:16 |1 08
S-18| -do- |14z | 15|i7| 18] L3a{ 3|32 | 32| 2o |Les|oo| 17| | o2 o {085
$-19 | River }1.65]1.40|1.52]1.42{1.67|1.58{1.60|1.50|5.28 |1 18]1.15]1.07]0.95 [0.89 ] 0.81 |0.68
§20] -do- |0.79]0.55|0.61{0.51|0.67|0.54]0.56|0.54 [0 480 48]0.43 0,49 0.45 [0.35 | 0’34
Remarks

Ampunts in this table are reading of staff gauges

* 00 reading

zerg gauge (no water)

A-34




Table A-13 Condibion of the river Flow by Observabed Records of Staff

 Gauges

( Unit : m)

Staff Gauge 199¢
No. | -
18th. Sep. | 25th. Sep. | 5th. Oct. | l4th. Oct. | 21st. Ocl. 28th. Qct. | Tth. Noy, |-I3th. Nov.
Huai Yai | :
sl 0. 42mi/sec | slightly flow oo > {non Flow oo —
: : i 3 i
5-2 : non FEOW  --eo-vevromrmmenssemm e a s st e e e s
53| 7.56m/sec 2. 16m/sec. 0.68ni/sec
S-4 2.64ni/sec | 6. 37mi/sec 8. 90m/sec | 4. 91mi/sec | 4. 40m/sec
Huai Yang _
§-11 | 1.28m/sec |non flow | L. 13mi/sec slightly flow -~
8§12 STHENLLY Flow - e e -
— - - T i i — i
$-13 | 1.09m/sec slightly flrow e R —
v/l X
T ] f [
S-14 | 3.57nd/sec | slightly Flow ----ommemmemmmemms s — pnon flow oo -
5-15. [ 7.00mi/sec 2. 10m/sec 2. 2618/ sec slightly flow ------- -
Huai Phra Nap
5-19 | 1.92ni/sec slightly -|non flow e - | slightly f1|0w ---------------------- -
R I
- | { |
5-20 | 5:00n¥/sec | slightly flow - S S -
- i
Staff Gauge L990 1991
No.
23d. Nov, | 5th. Dec. | 11th. Dec. | 25th. Dec. { 8th. Jan. | %0th. Jan. | 10th. Feb. [26th. Feb.
Huai Yai -
-5 POR FLDW  coromrmmrsm e o e T s s ~ | no water
. i 3 [l ! | 3
- i I i f [ i
5-2 ROR FHQW  creermmmmnemm s rm s s e s s oo o —
; ; ! | e
$-3  Pnon §lom  [BO WBLEr «orrerrrreserenn —
- E i | ; | ;
§-4 TION FROW  r-emmrrrmm oo mmm s m s oo e o e ettt st s e e T ST —
Huai Yang
S-11 | non flow R S => o water oo J e T —>
i I S [ I
Se1Z JROR FROW oo o rom e
i | | | -
$-13 |non flow - S — 1o water PR e e -
IR I i ] I I
Sobd - JROR FLOW worrrrrrrrrsssm s EELEER -
i ! | i | |
1 ] 1 I i i
S-15  nom Flomw oo e >
Ruai Phra Nao
S-HO - | SHERELy FLOW ~---vmmerrrrms e s s T e e —>
i | i | | |
S-20  fslightly flow - —> |l n0n flam oo -
L L L I ]
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Table A-14 Lossed Discharge of Existing Ponds

Pond |Staff |~ August 1890 " Septenber 1990
No. = | Gauge — : T ) ' — -
No. Staff Gauge Read (m) Loss Staff Gauge Read (m ) | - loss '
st [ 2one | 2ara [ 2010 | u) | Govday) | atn | 5th | 6tn | 7th | Gm) | Gday)
@ |s5 o] - |o48 00{ 00 | - [o62| - |0:63]10.0| 5.0
® |s6 ow| - - -1 - -1 -]en| - [omfao| 20
@ | s7 [os0| - | - [0 10.0 33 | - [o9| - |06 00l 00
s¢ lom| - (- |- - | -los| - |osr]i0.0{ 50
® |59 [ow| - | - N R R P P T
s10 L8] - | - - | - | - |us| - |Laf20] w00
@ | s16 |Loa| - |10t 00| 150 | - 098 - |0.95]30.0] 15.0
@ | s17 foor| - {0.90 10.0| 50 | - (2| - [L2w] - | -
@ | s [La| -] - - - ] - {us| - |Liafa00] 2.0
AVAVERAGE LOSS  10.8 m/day
Pond | Mean Depth(m} Loss (mm/day) Mean Depth(m) LoSs(mn/day)i
v Ery season | Balance |Oct-Jan |Oct-Feb Dr& season | Balance |Oct-Jan Oct-Feb
Vet 90days | 120days et _ 90days | 120days
®|04,/ L5 1.1 12.2 9.2 { @{00720] 20 22.2 16,7
@{1Lo /200 Lo | 1.1 83 | ®|oo el 12| 132 10,0
®[0.0 /10| 1o | 1Ll 831 ®|os, 20| 12| 133 | 100
@|30,40] 10| w1| 83| ®@los 20| 15| 87| 125
@06, 20| L4 | 156 | 17| ®|30/50] 20| 22| 167
@ 0.5 /2.0 1.5 67| 12.5 1.0/ 25 15 6.7 | 12,5
®@los /200 15| 67| 125 | @|os 20 15| 167] 125
| @|1s30] 15| 67| 25| @lossus| 0| wo| s
Average Loss 15.1 11. 4
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Table A-15 Water Balance Study of

Existing Ponds

Pond No. 1 6

as Shown in Table A-1

- A-37

Pond No, 8 Staff Cauge S-8 Staff Cauge S—6
1 O | @ @ | @ ® 1@ @ @ &
late of Inter-'| Staff .~ | Balance |Evapo- | Total Staff Balance |[Gvapo- | Total
Staff Gauge val  {Gauge - |of Water | ration |Balance [{auge of Water | ration | Balance
Observation Reading | Level Reading | Level
< Gays) | (m) | (mvday) | (ue/day) | Gavday) | (md | (eo/day) | Gmvday) | Govday)
“7ih Nov. 1990 | 114 0.74
13th Nov. 19901 6 1.12 3.3 35 [-02 | o | 33 35 |~02
Zrd Nov. 1990 10 108 | 40.f 35 0.5 | o6t 8.0 3.5 45
‘SthDec. 1% 12 | 104 | 833 | 35 |- 02 0.60 3.3 35 [—-02
1thDec 190| & | 103 LT | 84 |- LT | 05 L7 | 34 |-17
25th Dec. 190 | 14 0.98 3.6 34 | 0.2 0.5 29 34 |- 05
jﬂ—t_;]‘;a;_lv%l 14 - 0.93 3.6 3.5 0.1 “B.-;iﬂ?w—“ 5.7 35 22
25th Jan. 1991 17 0.87 .3.5 3.9 0.0 0.40 4] 35 0. BJ’
1Uth Feb. 1981 16 078 9.0 38 12 035 3.1 38 |- 07
Eﬁw{h Feb. 1991 16 0.72 44 4.0 0.4 020 M‘;l—;__‘ ------ d. --[-]-—--- _5.T
Pond No. 17 Slaff_'Gau'ge 5-17 Pond No. 2 1 ff Gauge S—16
Date of .ln(tlgr— Stgf. Ba(l%nce Evgp)n— . Tn(t?l Stg??f | Balance Ev&?ﬂ— Tn%’?l
Staff Gauge val Gauge of Water | ration |Balance {Gauge of Water fratien | Balance
Observation Reading | Level : Reading: | Level
(days) | (m) | (mv/day) | Gm/day) | /day) | (m) | (mfday) | Gu/day) | (mn/day)
7th Nov. 1990 1.60 0.9
13th Nov. 1950 | 6 L6l |- 17 35 | —-52 0.93 8.3 3.5 4.8
23rd Nov. 1990} 10 157 4.0 3.5 0.9 0.88 50 35 L5
SthDec. 1990] 12 1 153 33 85 [-02 | 08 58 3.5 2.3
11th flec. 1990 6 1.50 a2 -??4‘ ) 1.§ 0. 80 L7 3.4 - l.';g
2th Dec. 1990 14 1,45 36 3.4 02 074 43 34 09
8th Jan. 1991 14 L4 29 35 |— 06 0.67 50 395 1.5
25th Jan 1991 17 L3 4.1 3.5 0.6 0.63 24 35 |— 11
10th Feb. 199! 16 121 44 3.8 06 0.5] 7 5 3.8 3.7
26th Feb. 1981 16 1. 19 50 40 1.0 045 38 40 - 0.2
Note O =Q - @
@ E x 070

E : Monthly Mean Evaporation at A Muang, Khon Kaen for the Period 1962 - 1985



Table A-16 List of Existing 8.5.1.P. Project in changwat Khon Kaen

-Irr:igable

Project Project Name Type Purpose Watérsﬁed>1 Stbraée_l‘ :
1D = - R " | Area () | Capacity () Area (Rai)
22042208 | Ban Non Tun Res.  |L-CY | @B@®| 800 | 20,000 200
24042202 | Weir at B. Kra Duang | 2-DWeir) 37.10 | s
25042207 | Weir at Ban Lao deiny  |QO® | 9850 300
25042210 | Res.at B. Nong ¥aeng | 2-DGeir) | @® |  40.70 500
28042208 | Huai Yai Weir Dein) | @RO@| 17100 | 1,000
98042214 | Sok Khum Pun Res. | 1-CJ O2E@G 0.3 | 60,000 200
29042202 | Ban Tag Weir 2oWein | | ass.o0 o |
29042213 | Ban Khuen Weir 2-DMeir) [ @ 51.00 300
30042202 Ban Pa Ma Nao Weir |} 2-D(Weir) ) ¢)] 2.0 -1 200
31042250 | Nong Khwai Yai Res. |4-E(Others) |@Q@® 100 116,000 50
31042251 | Nong Khlong Noi Res. | 4-E(thers) | @@ 100 - 922,000 45
31042253 | Nong Mai Res. | 4-E(Others) 500 | 64,000 65
31042254 | Nong Pra Yuen Res. A-E(Ot'hers) _ .1.00 100,.(]{]0_ _ 30
3205 | Nong Soke Kha Res. [1-C4/ 2,20 18, 000 150
2301 Nong Kud Kwang Res. | 1-C &/ &) 74 - 500, 000
2901 Ban Wha Weir 72 300
3236 |Huai lao Weir HO0 42.50
Average of 2-D(Weir) 2-BWeir) 70.0 ket 430 Rai
( 6 Rai/ke)
1C1 ha/ki)

Note

2/ Reservoir with Irrigable Area

2/ @ Irrigation

@ Domestic Water Use

@ Live-stock Water Use
@ Irrigation for Garden Crops to Consume
& Fish Catch / Culture

2/ Reservoir with Irrigable Area and Outlet
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A-3-2 Chi River

Daily runoff discharges and wabter levels data for 4 hydrological
_ stations, on the main course of the Chi River were collected from RID.
Names of the stations and data period are shown in Table A-17.

Lodétion éf the stations are shown in Figure A-2.

At E.16A Station of:the Chi River which is nearest to the study
area, the mean annual runoff discharge is 1,400 MCM and mean annual
runoff coefficient is between 6% and 18%. They are estimated for 7
years from 1967 to 1973 as shown in Table A-18,

At E.16A Station, the river bed elevation is 141m above MSL and the

bank top elevation is 153m'in 1988. Annual maximum water level is MSL
154m in 1969 and 1980 as shown in Table A-19.
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Table A-17 List of Hydrological Stations of Chi River

Code No. [Station Name, Obserﬁated Collected Period
Drafnage- “fPeriod - : it

River Area. (kni), {and .

Stream Organization { Location -

(1) B9 |Ban Tha Nang | Apr. 1967-cont.
Luan -

Chi 11, 020k Lati: 1605 49

Ehi (R 1.D.) lLong:102 34 23

{ 2 £.16 |Ban Tha Phra | Jun. 1954-- 1962

Chi 13,0720 | latiz 16 2113

Chi (R.1.D.} Long: 108 48 35

( 3) E.16A | Ban Tha Phra | Apr. 1957-cont.

Chi 13, 171ka Lati: 1621 14

Chi ] (RLD) Long:102 45 09

( 4) E.17 |Ban Tha Hin | Apr. 1965-(;0.nt.

Chi 14, 426k Lati: 16 26 20

Nam Phong | (R. LD Long:102 56 52

Note : 1) Vertical Staff Gauge (1), ( 2). ( 4)1965-1974
2) Recorder, Float Gauge ( 3)

Source : 1) List of Stream Gaging Stations in Thailand, R.L.D.

2) Baily Water Level and Discharge Dafa
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Table A-18 Runoff Coefficient of Chi River

® @ ®
o Ban Tha Hin Ban Tha Phra Bar Tha Nang

‘Water  E.17 E. 164 Luan E. 9 A. Muang
Year D.A=14, 496 ki D.A=I13,171 & D.4=13, 171 kel Rainfall
, (MC) MM - (MOMD (tm)
1967 . 1,679 1,093 840 041
1968 1,188 . 505 ' 487 1,185
1869 1,042 3,562 ' 3,491 1,163
1970 2,338 1,419 1,172 1,378
1971 2,803 1,742 1,433 1,166
1972 © 968 778 661 1,057
1973 687 96 795 812
Mean 1,658 1, 408 1, 268 1,100

1) Chi River Basin between D and@ (Drainage Area 1, 255ke)
Runoff Discharge(D—@)= 250 MCM = 198 mm
Runoff Coefficient = 199mm~1, 100mm = 18%

2) Chi River Basin beiween @ and® (Drainage Area 2, 15k}
Runoff Discharge(@{@k 140 MCM = 65 mm
Runoff Coefficient = 65w 1,100m = 6 %

3} Chi River Basin between @ and® (Drainage Area 3. 406km)
" Runoff Discharge((D—®)= 390 (M = 115 om
Runoff Coefficient = LiSmm1, 100mm = 10%
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Table A-19 Water Level at E. ‘164 Station of Chi River

Water | Amnual Max. of Momemtary | Anmual Min. of Daily Mean |River Bed |Left Bank |Right Bank
Year | Gauge Height -] Gauge Height _ Blevation jBlevation |Blevation’
Blevation |Depth | Date |Blevation |Depth | Date . | S )

MSLm | Jwsimw @ | sl ] M | Sl
166 | 15212 {1030 |SBP. 99 | 1ze4 | raz [am | uuse | 1365 | 15149
1967 | 15106 | 9.24 |OCT. 4. | 14288 | 1.06 |MAR 31 141.82 ] "153.65 151. 49
1968 | 14592 | 410 [AG 3] 14271 | 089 [MAR 14 | 14182 | 15365 | 15149
1969 | 15380 |11.98 |SEP. 27 | 14268 | 0.8 |MAY 6 | 141.82 | 15365 151. 49
1970 | 149.21 | 7.33 |OCT. 3 | 14290 | 1.08 {MAR 30| 14.82 | 15365 151. 49
970 | 15027 | g45 [o0T 12 | 14289 | Lo7 [AR 4 | w8 | 15365 151. 49
1972 | 14736 | 551 [OCT. 23| 14287 | 1.05 |[MAR 22 | 141.82 | 153,65 151. 49
1973 | 147.87 | 6.05 |OCT. 2| 1429 |[1.08 |MAY 1 | 141.82 | 15365 | 15149
1974 | 146,74 | 49 |OCT 18 | 14280 | 098 |JUL. 25 | 141.82 | 15365 | 15149
1975 — — — — -
1976 - - - -
1977 - | - - —
1978 ~ — - —~ | 1
1979 | 14986 | 883 |0CT. 1 | 14280 | 177 {MR 7| 14L03 | 15177 157.80
1980 | 15370 |1267 |OCT. 10 | 14281 | 1.78 |APR 17 | 141.03 15446 | 15115
1088 | usae | 443 Lo 23 | 14267 | Led (MR 17 | 14103 157, 7 157.77
1982 | i51.56 |10.53 JOCT. 8 | 14276 | 1.73 |AUG 23 | . 14103 158.26° | 158.928
1983 | 14920 |10.46 |AUG. 14 | 14270 | 396 [APR 23 | 13874 158.26 | 158,28
1984 | 14772 |10.32 |NOV. 4 | 14284 | 544 |APR 22 | 137.40 156. 03 156. 15
1985 | 147.31 | 9.91 |OCh 13 | 14280 | 540 |APR. 6 | 137.40 156. 05 156. 15
1986 | 14549 | 6.88 |MAY 18 | 14258 | 398 |MR 19 | 138.61 158.03 | 157.97
1987 | 14958 |10.88 |OCT. 23 | 14236 | 366 [AUG 15 | 13870 153. 67 152, 83
1988 | 148.36 | 7.67 |OCT. 81 | 14243 | L74 [MAR 29 | 140.69 152. 69 152, 29

pr. | May | Jun | Jul | Aug | Sem | Oct. | Nov. | Dec. | Jan. | FPeb. | Mar.
Mean * | 143,00 | 143.46 | 144. 18 | 144, 17 | 144.55 | 146. 27 | 147.61 | 145.20 | 143,77 | 143, 32| 143.07 | 142 92
Max. ' {14393 |147.95 | 150.56 | 150.18 | 149, 19 | 153.79 | 153,69 | 151. 14 | 144. 79 | 143. 85 | 143. 51 | 143.52
(Year) | (1973) | (1966) | (1980) | (1980) | (1983) | (1969) | (1980). | (1980) | (1982) | (1980) | (1974) | (1968)

Note Stream : Chi
River : Chi
Station : Ban Tha Phra, Muang, Khon Kaen (E. 16A)
Drainage Area ; 13,171 knd
1975 ~ 1978 ; No Record

! Data Period 1966 - 1974, 1979 - 1988
Daily Mean Gauge Height

Source : Hydrology Division, R. LD
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A-§  RUNOFF ANALYSIS

A-4-1 Runoff Coefficient

- No.discharge observations are available for Huai Yai, Huai Yang and
' Hudi Phra Nao. "~ In this study, runoff discharges were observated a few
times as shown in Table A-20, According to the results of the
observation and the rainfall records of &, Phra Yun Station, runoff
coefficient for. the period from 1st August to 18th September in 1990 is

estimated that between 14.4% and 35.1%.

On the one'hand,Runoff Estimation Chart in Thailand was collected by
RID'as shown Figure A-8. In this chart, the study area falls into the

D-type terrain with the equation expressed as;
C = 0.13R - 3,12
whére C : monthly runoff coefficient (%)
R : monthly rainfall (mm) R=24.0 mm

Monthly rainfall of A. Phra Yun Station in August 1990 is 245.9 mm.
C=0.13 x 245,9 mm - 3,12
. 38.8%

" The runoff cpefficient of 28.8% falls between 14.4% and 35.1% from
the observed. And the runoff coefficient is between 6% and 18% from

the analysis of the Chi River.

Therefore; runoff discharges is computed with Runoff Estimation

Chart in Thailand by RID,
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Table A-20 Runoff Discharge and Runoff Coefficient

Location | River Name | Drainage [ Runoff Discharge Applied Period Total | Runoff -
Area ki ' ' — < . | Coefficient
o Date . | m/sec Period . - |Days |m/sec|.: - ..
53 Huai Yai 1804 |Aug. 10 | 112 JAug. 1-Aug 167 16 | 17.927] Q=138 24m/s
Aug. 21 191 | hug 17~ -Aug. 28 | 12 - 2292 =638 m
Sep. 3| 282 |Aug.29- Sep.1l| .14 | 39.48 | Rain=444. 2mm
Sep. 18 7.56 {Sep.12- Sep. 181 "7 | 52.92). . . :
: o —— (=63, 4/444, 2 |
Total 49 |183.94| =14.4 %
S—19 [Huai Phra 80.1 JAug. 11 ] 0.20 |Aug. - Aug. 16 16 |  3.20)0Q= 29.44m/s
"1 Nag Aug. 21 0.32 “1Aug 17- Aug 28 ¢ 12 3.84 . =84.5 mm
Sep. 4 0.64 | Aug.29- Sep.11.|. 14 .{ . 8.96 | Rain=444. 2mm
Sep. 18 1.92 | Sep.12- Sep. 18| 7 | 13.44 - '
: — (=84, 5/444. 2
Total ©. | 49| 20.44 =19.0%
Under- | Huai Phra 70.6  |Aug. 10 0.50 |Aug. 1-Aug. 167 16 | 8.00]Q= 62.04ni/s
stream | Nao Aug. 21 0.63  [Aug. 17- Aug. 28 | 12 .56 =75, 9
of Sep. 4 0.82 | Auvg. 29- Sep. 11| 14 | 11.48 | Rain=444. 2mm
5-20 Sep. 18 h.00 Sep. 12- Sep. 18| 7 | 35.00 _
S — : C=75. 9/444. 2
Total ~ | 49 | 62.04] =17.1%
S—11 |Huai Yang 23.6 | Aug. 11 0.16 |Aug. 1- Aug. 161 16 2.56 | Q= 21. 26m/s
Aug. 21 0.24 lAug.17- Aug. 28| 12 | 2.885| =77.8 mn
Sep. 3 0.49 [ Aug.29- Sep.11| 14 | ©6.86 | Rain=444. 2m
Sep. 18 1.28 | Sep.12- Sep. 18| - 7 8.96 .
o —{ (=77.8/444. 2
Total 49 21.26| =17.5 %
S—13 |Huai Wang 7.7 Aug 11 0.10 [Aug. 1- Aug. 16 16 160 | Q= 13. 91 ni/s
Hin Aug. 21 0.18 |Aug. 17- Aug. 28| 12| 216} =156.1 mm
(Huat Yang) Sep. 4 0.18 |[Aug.29- Sep. 1t ] 14 2.52 | Rain=444. Zm
Sep. ‘18 1.09. |Sep.12- Sep. 18| 7 | 7.83
C=156. 1/444. 2
Total 49 13.91 ] =35.1%
S—14 [Huai Yang 53.1 |Aug. 11 0.22 |[hug I- Aug. 16| 16 3.52 | Q= 45, 41m/s
Aug. 21 0.37 | Aug. 17- Aug. 28| 12 4,44 | =73.9 mm
Sep. 4 0. 89 Aug. 29- Sep. 11| 14 | 12.45 | Rain=444. 2
Sep. 18 3.57 | Sep. 12- Sep. 18 7 | 24.99 S
: (=73.9/444. 2
Total 49 | 45411 =16.6 %
S— 195 [Huat Yang 78.2 | Aug 11 1.21 | Aug. 1- Aug.16{ 16 | 19.3610Q=113.08ni/s
Aug. 21 0.8 | hug.17- Aug.28] 12 9.72| =124.9m
Sep. 4 2.50 Aug. 29- Sep. 11| 14 35. 00 | Rain=444. 2m
Sep. 18 7.00 |[Sep.12- Sep. 18| 7 |. 49.00
— (=124, 9/444. 2
Total 43 [113.08 =28.1 % I
Note Period : st Aug. 1990 — 18th Sep. 1990 (49 Days)

Rainfall : by A. Phra Yun Agricultural Extension Office (Total Rainfall 444.2 mm)
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A-B-2  Runoff Discharge

Monthly unit rundff discharges of thé study area and the upper-reach
of Huai Yai outside of the study area ave'shown'from_Table_A~21 to A-
24, '
shown Figuré 8-9. Average, and 2 years, 3 years, 5 years and 10 years

Average annual runoff discharges and subdivided drainage area are

probable runoff discharges of the study areararé=presented below:

‘Monthly Average Runoff Discharges of the study Area

- (Unit : MCM)
Jan. Feb. Mar . Apr. May Jun. Jul, hug. -
0.0 0.2 0.4 1. 9.1 10.7 7.0 9.8
(0) (0) (1) (2) (14) (16) (11) (15)
Sep. Cet. Nov, Dec. Annual Het Dry
24.6 2.6 0.1 0.0 65.9 61.2 b7
(37) (4) (0) (0) {100) {93) (7
Note Wet : Wet Season (May - Sept.) B
Dry : Dry Season (Qct.- Apr.)
{ }: Ratio to Annual Amount %

Averape Annual Runoff Discharges of the Study Area o

) In the .Study | Out of the Study Total

Basin
. Area. (MCM) Area {MCM) {MCM)
Huai Yai Basin 19.49 27.47 46.96
Huai Yang Basin 15.50 - 15.50
Huai Phra Nao Basin 15.32 - 15.32
Swamp 13.52 - 13.52
chi River Basin 2.07 - 2.07
Total 65.90 27.47 93.37
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Probable Runoff Discharges of the Study Area

Probable Approximate Annual Runoff

Years Year Discharge MCM
1/2 1988 429
1/3 1984 ug.3
1/5 1981 49.5
1/10 1960 38.7
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Table 4-21 Monthly Runoff Discharge in the Study Area (D.4.=3%1,5km2)
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Table A-22 Monthly Runoff discharge in the Study Area (D.A.=341.5km2)

MoM )

{ UNLT

bEC ANNUAL MAY-SEP OLT-APR

FEE  MAR  APR  MAY JuN JUL  AUG  SEP  CCT MOV

JAN

YEAR

'OV\O\
{'-NO

Qoo
SoOo

O
. 3
~NOO

MO0

NS

e RatEid
OO

[a)sYal
N
OO0

jelejolefa)
N
OCODO

u—lOOOON
DOOD‘—l

DOOC0
N F O

O O0o
NERMN O

-l Ll
'OO\-“O@

c-tlf\‘OO-O\

ml!\OﬂO
r-cODOO

\—ROUHOO-
ONOOO

OOI\DO
OO!‘*OO

[ Rt s S
S e
QOO
Ll

IO 0
ot s O o
I T atals

VOO EOO
0D Tt
o1 ot
Tty O
T
[=1- B el ]

—

VNG
m.—com.—«
Q=3 N
MO O D oF
- o
0 O3 M O
DO O—N

DOo000
OO0 0

MO\—TON
NOO‘OO

I~ MY OO

o o O
O P O O
IO N
— ot

O OO0

Sy

M0 O
—

00 o P

~F ~F O~ T
0O

IO~ O
QO3 O~
28]

LD O o O
OO 0N
OO0
oOoOCo
N OO0
OO OoO0

'OHOMH
OE\O-—H—*

mrqu\-m
mmom-4

ot
HY a0 M~
SO
«t et

AP ON -
O D U O
-

Q100
M\TOt‘*I‘\
GO N D
OO M
o o~
\TCOOF—O

O-.TDOO

OOOOJ
OOOOO

A-49

OOOOO
OOOOO

OOOOO
DOOOQ

pedeletgo
mOv.—!ON

QOO0
=3 0O P O
QFF T et
O OoOMm-amN
O v 1Y O
et

mmmmﬁ
wﬁMﬂN
QOO
QUL

e

O P A

PR
1O ) O 1
. - —

PR Y
AODO D

NOoOOoOOOo
QQOoOC

MO
SN

0 ~f NS
O et
Lal

I M0 0

O A T O

-~ —t

60 0 Okt
0~ ey
L o

HOONoO
[eJelole o]

OEOOOO
Ov—'OOO

oo
OO
Q-3
QOO

f\NO
O‘vﬂl\

OOO
OOO

61.2

65.9
133.8

c.0

0.1

2.6
10.3

9.8 24.6

7.0

9.1 10.7
9.7 36.3 44,7 33,7 44.6 106.2

1.4

0.5
10.1

0.2
2.8

0.0

0.0

MEAN
MAX

15.7

1256.5

0.¢

2.4

0.7

0.0

24.7

g.0 ©¢0 o©6.1 0.1 1.1 0.0 ¢.C 0.¢ 0.0 26.2

0.0

0.C

MIN



Table A-23 Monthly Runoff Discharge in Upper-Reach of Huai Yai Outside of

et D]

¢ UNIT

the Study Area

8 MAR  APR  MAY JUN  JUL  AUG  SEP  OCT  NOV

FE

JAN

YEAR

DEC ANNUAL MAY-SEP OCT-APR

3
.9
3

. .
il
oF

2436
324.8
267.8

271.2

269.9
333.7

~F ooy
. 4
~T
o0 P
O Oy
—*

ooC
QOQ

oo
Q3O

MO0
ocooown
Y
e ety

it
o

O30T
« e w0 w
Wi~ o

vy

-ar«omo
-QOONO

OO
OROO
-

‘ot N
asaw

OO D
VRN

oo
N G o0no
00T O
ot
O~ 41
]
Moy ~F
~~1 003 00
R0
M
FIN Ot
ST T
H .
Oh 0T N
— —
MY 00 v 03
e e

MO O
Lt Rkt NaY]

riN\OcO\O

h’):—!Orﬂn

OHO\TO
OOOOD

OOOOO
OOOOQ

13 ™~ 00
e

N300
. a4

N0 O
—t

OO0
MNOoOoOO

mGUC)HO
HHOV\O

OQooOMm
s e wo b
[elajal Js)

A-50

MO
OB 0
S oroden

VRO
mmoou\
N e
LNIO
<OV O
~ &~

WO
NGO SO

ONODO
O-\!OOU

164.7
-221.%

52
16.
44,6

204.6
96.9°

112.4

141.5

N O
I
10

owny
S
oo

1986
1987
1988

195.9
367.1

17.6

0.0
0.4

0.3

5.3 2e.7 34.7 25.8 31.7 81.0 10.7

4.9 10.4 49.2 110.8 173.4 125.4 149.1 272.1 41.9

1.0

0.3

0.0
1.1

0.0

MEAN
MAX
MIN

217.4
369.5

32.3

5.9

85.3 0.0

0.0 0.0 0.6 0.0 1.7 3.1 57 0.0 0.0 0.0 94.5

0.0

- e e e e A e e Em A Mm e ER mU b tme e e e e e e e e e i S e e e Em e e e o



Table A-24 - Monthly Runoff Discharge in Upper-Reach of Huai Yai Qutside of

MCM- )

{ UNIT

the Study Area

DEC ANNUAL MAY=SEP QCT-APR

FEB  MAR  APR  MAY JUN JUL  AUS  SEP  OCT  NOV

JAN

YEAR

ot
]
O

o000
OO0

o000
.
OO

Lt Rt P gl
voe o
Nt O
QN
R )

~
[ s Rat]
~F P e
MY i1
OO

000
[eela)

Pty
O 00 O )t
4]

0O i
[AVES B o X R
VIO ~F MY
« s 0 or o
MNaOg

Ll N o Y Y]
Tl O MY

0P 00t
Co0oO0w.

VOoOONOo
[afalele]le)]

MO
SO0

NN
SO

[T RS RN ¢ e
T~ O
U\HOCOM

c-f:—drlr-io

TR O AN
(2Nt Kl e gt |

ST
[SEaT=T=Y=
CO0O0O0
ooocoo

SOO00CO
[elejalele)]

[slelolelie]
o000

NONN\-'

_r‘GOOr‘O

03D Gt
NEMNO oS

o
le\uarﬂ-f\

\?NM!‘(‘O

D A
Ox—'-#wto

*Oﬂ“‘w-or'l
t—‘f\JV\O‘O
ARl o B sl
MO A
—

o P O
LY
QOO
-IOOOO

OOOOO

c—(f\lOOD
OOOOO

AN O )
MO NN

[T
L tal

Mttt M

0 13 ~F O
Y00 [~ D Y
IR elalis]

[elefe ole)
jejoleofole)

OOOVOD
QOO0

T QW

GO0 e

SR O A
o Ne RTal ot
-t

QYOI
0 YOO 0

mmmrﬂm
GJOMNF‘I

Y 4T O 0D
it O

Lol v R ¢ R
noo oo
N\TO’OO

Or*OC)C)

OOO'-‘O
OOOOO

A-51

os.t()-:-n—c
orcv-«o-m

LA Gh e P
A RS ATaY 4 RVaY
e AR i |
DOO—O

—“O0OoO0
QOOoO

O 00 HY
N
UV Ty

o-m-—uxwo

LnNO\‘Om
T el or

IO O
[ At e Ta
AN SF O e
jalalels o)
[eJelolalel

OOOOO
OOOOO

I‘"!OCOI\V"
r-'-‘tﬂMN

P~ MIn 3
OO D wy
o

O 00

NOE T
t

O ONnO

Re T ath e R ut

Mir~ )

ST OO
!

i\-OO’*(\\‘!

NHOON

NmO\OO
OOOOO

OIAOOO
OOOOO

Ov-'OOO
OOOOD

w-tO-1
’()le\

1D
i e At
— O~ ~p
o ay O
N IT ]
o
[+ ETAY
EnEaml ]
T
[l s Rat)

OO
OO o

N
[aX e L]
O N
ooo

24.3 2.1

3.1 39 9.9 1.3 0.0 ¢.0 26.5
15.3 18.t 33.1 5.1 0.7

3.2 &2
2i.1
0.0

13.5

0.6
6.0
0.0

0.0 0.0 0.1
0.4

0.1

MEAN

0.0
0.0

1.3
8.0

MAX
MIN

0.0

10.4

0.0

0.7 0.0~

0.4

0.2

0.0

0.0

2.0



FIGURE A-9 DRAINAGE AREA AND ANNUAL RUNOFF ( AVERAGE_&EAR)
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B-1. Topography and Geology of the Study Area
B-1-1.. Topography

The study area can be subdivided into four physiographic units:
_mountaincus terrain, undulating rolling hill, terrace and alluvial
flood plain,

-The mountainous tarrain extends along the western edge of the study
area with width of less than 500 m and an altitude attains a maximum of
more than 260 m.

The undulating rolling hill is distributed both west and east sides

~of the study area with an altitude ranging from 180 to 220 mamsl. 1n

general, it shows monotonous t gentle undulabing g terrain, but small-
seale, shallow and broad valleys are also cbserved in various places.

The terrace largely covers in a center of the study area with an
altitude ranges form 160 m 180 mamsl and it forms two distinet flat
topographic features, and upper terrace and a lower terrace,

The alluvial flood plain extends along the river courses in the
undulating rolling hill and the eastern edge of the study area,

B-1-2. Geology

The study area comprises of three main geologic unite: the Khorat
Group, the Pleistocene and the Heolocene.000000

The Khorat Group in the area are divided into the Sca Khua, Phu
Phan, Khok Kruat and Maha Sarakham Formations in asecending order and
the last is overlain by the gravel bed and terrace deposits of
Pleistocene age. The Group consists of mudstone, siltstone and

~ sandstone, and it crops out in the wesbern edge of the study area.

Although the question arises whether the Maha Sarakham Formation
includes the rock salt beds is assigned the Khorat Group or more
younger formation no out-crops of the rock salt have been observed in
the study area. :

The Pleistocene gravel bed which named the Pa Mo Gravel Formabion
underlie in the undulating rolling hill and the thickness attains more
than 30 meters, The formation thins eastward form the undulating
rolling hill due to erosion and it finally underlies the terrace
‘deposits. The beds is mainly composed of well-rounded pebbles of white
chart and it can be traced to the base of the traced deposits.



The terrace deposits' consists of fine grained sediments of clay,
silt and thin sand, but contains some intercalated laterite grave beds,
The deposits 1is extensively overlain buy thick loam.  From the

lithological point of vies, the question arises whether this sediments
are of terracial origih or lake deposits, this study adopt a term of
the terrace deposits for the convenience of future discussion.

The alluvial deposits are.distribdbed%in the recent flood plain of
Lam .Chi, Huai Yai, Huai Yan and Huai Phra Nao. - -The deposits consists
of organic clay with laterite gravels in the base, clayed fine sand and
fine to medium siliceous sand in the middle, and loam in the uppermost.

The geologiéal map of the study area and the table of formations are
_shoun in figure B-1 and Table B-1 in APPENDIX B,

B-2 . RESULTS OF THE FIELD INVESTIGATION
B-2-1 Geo-resistivity survey
(1)  Purpose of the Survey

The vertical sounding with Wenner array were applied . in determining
the boundary of layers based on their apparent resistivities. A depth
of' sounding ranges from 150 to 190 meters in extensive study area and
30 meters in the proposed Pilot area. Total number of soundings in
above areas are 61 and 77 respectively. Location of the sites is shown
in Figure B-2, Location Map of Hydrogeological Study.

The survey provided Information on lithologic characteristics of
surficial beds and the surface topography of the Siltstone.
Furthermore, approximate rate of salt water concentration in the
respective beds, especially in the Siltstone, can be inffered form the
relationship between apparent resistivity and electrical conductance.

(2}  Surface Topography of the Siltstone

The survey reveals that depth of the siitstone which is correlative
with the Maha Sarakham or the Tertiary formations, ranges from 4 to 18
mbgs and an altitude of its surface ranges from 180 to 150 mamsl as
shown in Figure B-3. R

The Figure shows that the surface of siltstone decreases altitude to
the east of Ban Phra Yun with a gradient of-1 to 220 and it forms
narrow platform from Ban Phra Yun to Ban Nonm Tun. Two broad -valleys
from both sides of the platform Fbtrending northeast and southeast



directions and their locations are identical with Huai Si Phung, a
tributary of Huai Yai, and Huai Yan respectively.

(3) Resistivity of the Siltstone

The resistivity-spacing curve. (p-a curve) of the Siltstone varies in
horizontal and vertical direction, The resistivity in a deeper part of
the Siltstone may ‘indicates proper resistivity of the rock because
resistivity in a shallow part shows effect of saturated groundwater in
the surface unconsolidabed beds on the whole. In attempt to understand
the distribution of -resistivity of the Siltstone, the resistivity
distribution contour at depth of 140 m is delineated in the map as

_ shown in Figure B-14,.

As easily visualized from -the figure, a zone of low resistivity

forms obviously in. the west of Ban Phra Yun with north-south trending.

In addition to the above results, a low resistivity zone with depth
to more than 150m is identified by means of p-a curve analysis. The
location of low resistivity zone is identical with the zone delineated
by resistivity distribution contour at a depth of 140 m (see figure B-
Y, Resistivity Contour Map at Depth of 140 m and Figure B-5,
Resistivity Profiles).

These fact support the ideas that under laying layer is subjected to
saltwater infiltration throughout the sounding depth of more than 150
meters due to upward flow potential through joints, cracks and coarse
grain facies in the siltstone. The low resistivity zone Erending
north-south direction in the west of Ban Phra Yun can be identified the
zone of salt water discharge.

Provided p-a curves are attached at the end of APPENDIX-B.
B-2-2. Electrical Conductance Survey in Ponds and Streams

The electriecal conductance {EC) and pH were measured in July and
Bugust, 1990 and January, 1991 in the river courses of Huai Yai, Huai
Yang and Huai Phra Nao, and selected ponds. Number of measured sites
in the surface river and ponds are 47 and 33 respectively.

The EC of the surface river in the rainy season increases moderately
toward the lower stream ranging form 230 to 720 uS/cm in the Huai Yai,
however it increases rapidly toward the down stream ranging form 240 to
1,400 S/cm in the Huai Yang and Huai Phra Nao. The rapid increment
were observed especially in the river course of Hual Yang from Ban Pa

. Mo to Highway 2067 and in the Huai Phra Nao from Ban Hua-Na Nua to Ban
Non Ngiu.



The Ponds in the rolling -hill  in the west part of the study-aﬁeaiand
in the central terraced terrain from Ban Phra Yun to Ban Non Tun
indicate comparatively 1low EC ranging from U0 to 2,000 pS/em - in
opposition to the tributary of Huai Phra Nac in the sou.nern part of
the study area where EC indicates more than 5,000 uS/em, '

Observed EC of the surface rivers and reservoirs- in the dry season
generally indicate more larger than data in the rainy season (see
Table B-2 Electrical Conductance in Stream and Reservoir). s '

In general, water quality of stream represents it of “drainage area,
however, field evidence shows that the quality of the, ponds on " the
drainage are quite differ form it of. related stream. From this, .it may
be inffered that -the ponds act 4 part of salt acummulation/evaporation
basin.

Distribubion of EC in the surface rivers and ponds is delineated in
Figure B-6.

Measured EC, PH and water temperature in the end of July:and August,.
1990 and January, 1991 are shown in Table B- and location of measured
sites is shown in Figure B-2, Location Map of Hydrogeology and
Groundwater Study.

B-2-3. Existing Well Survey

The well structure and water gquality (EC and pH) of the existing
wells were investigated on July, 1990 and February, 1991 in the study
area. The wells comprise of 19 shallow dug wells and 36 deep tube
wells, '

The depth and water table in the dug wells ranges from 2.5 to 9.5 m
and from 0.5 to 7.1 mbgs respectively. On the contrary, depth of the
tube wells ranges from 12 to 5% m.

Groundwater from 17 dug wells indicates comparatively low EC,
especially in a western rolling hilly. area .and a central terraced
terrain, from Ban Phra Yunt of Ban Non Tun, and it increases EC toward
the north from Ban Phra Yun, -

Groundwater from 34 tube wells indicates more high EC compare with
the dug wells ranging from 800 to 11,600 xS/cm on the rainy season -and
it inecreases in the dry season.- A zone of high concentration -of EC
locates on the west of Ban Phra Yun trending north-south -direction



which is qﬁite identical ‘with a 2one of low resistivity in the
Siltstone,

Observed data of sell structure and water quality are shown in Table
B-3,

B-2-, Drilling of The Exploratory Wells

Two exploratory wells and ten observation wells were constructed in
the study area. The objectives of drilling are fto obtain the
information of subsurface geology and groundwater potential for the
formulation of the project.

The work commenced on 1st August and it completed in 15the of
September, 1990.

The standard design of the exploratory and observation wells are
shown in Flgure B-7 and B-8 respectively.

The location of wells is shown in Figure B-2, Location map of
Hydrogeology and Groundwaber Study.

Two exploration wells with 30 wmeters depth are located in the both

east and west sides of the study area. Ten observation wells with 15
- meters depth are scattered in the area.

The works of exploration well drilling comprises of welldrilling,
borehole loggihg, aquifer test and installation of automatic water
level recorder, and the observation wells install 50mm PVC casing for
manual water level monitoring.

The obtained geologic samples from the well drillings reveal that
the study area is underlain mainly by the siltstone less than 10mbgs
depth, The depth to the siltstone increases more than 15 meters in W-

, P=3, P-5 and P-10 where ancient river courses or major tectonic zone
are supporsedly'underléin.

The drilling logs of the exploratory and observation wells with
geology, borehole logging and screen schedule are shown in Figure B-9 ~
B-20.

After installation of the well casings, an aquifer test was
conducted in the exploratory wells of W-1 and W-2. Obtained specific
capacity of W-1 and ‘W-2 are 25.0 and 0.5 lit/min/m respectively.
Calculated transmissivities for W-1 and W-2 are 70.4 and 0.74 mZ/day
respectively.

Results of the test is summarized in Table B-4, and time-drawdown
and time-recovery curves are shown in Figures B-21, -22 and -23.
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-2-5. [Bleetrical Magnetic (EM) survey on the Pilot Area

The eieetrcméghetie induction, using Geonioes EM 38 and EM 34-3

instruments, measured apparent -electrical conduetivity on an

approzimately 800 m square grid to survey the lateral variation of salt
content of the soil by the 1,10 and 20 m coil spacing on the Pilot
Area. The results are shown in the conductivity contour map.

LocaGion of EM survey is shown in Figure B-2U, Location Map of
Hydrogeological Survey Pilot Area. :

The conbour map . at nominal depth-form'0L75_t0-1.5;mugs'shows that
high conductivity with more than 100 mS/m. (less - than 10 Om in
resistivity) concentrates at 2.1 km southwest of Ban Phra Yun where a
tributary of the Huai Yan across the highway. The high conduectivity
zone extends to the southeast along the alluvial plain. '

The same bendency obtains until a depth of 7.5 m. . The conductivity of
surface have an effect on this depth.

The apparent conductivity at nominal depth 15 m varies moderately in
contrast with shallow depth, It indicates about 70mS/m except the
rolling hill in the east and south where it shows less than 50mS/m.

The apparent conductivity contour map at the coil spacing 1,10:.and
20 m are shown in Figure B-25 ~ B-27 . Observed field data is listed
in Table B-b. _ o

To compare with the conbtour maps of EM, the apparent resistivity
contour maps at depth of a=1 m, a=10 m, a=16 m and a=30 m are drawn in
Figures B-28 and -29,

B-2-6. Permeability Test on the Pilot Area

The permeability test was conducted in the different lithology of
unconsolidated beds of the Quaternary Formation on the Pilot Area, ., The
open hole method was applied for the test to identify the aquifer
permeability overlying the Siltstone. The sites located at the same of
the piezometer on the terrace where the soil texture were observed by
this study. A total number of holes and soil samples are 15 and 18
respectively.

Measured permeability indicate 1.1x10-% om/sec in SiC and sgSC in a
maximum and 6,1x10~8 cm/sec in gSL in a minimum.

In general, the permeability of the unconsclidated beds in the area
indicates low in spite of gravelly and sandy composition. The results
of a laboratory test reveals same conclusion as shown in APPENDIX C.



Location of the test is shown in Figure B-24, Location Map of
Hydrogeological Survey on Pilot Area.
Summarized results of the permeability test is listed in Table B-6.

B-2-7. Aquifer Test in the Existing Dug Wells on the Pilot Area

Three dug wells were selected for the aquifer test to evaluated
shallow groundwater potential. A well of DW-1, located on the rolling
hill, indicates 3.8 lit/min/m of specific capacity and the rest, DW-3
and DW-5 on the terrace indicate 5.2 1lit/min/m of specific capacity.

Based on above results, expected well yield of shallow dug wells
ranges 1.8 to 2.5 cu.m/day by 8 hours pumping and 1 m drawdown.

The results of aquifer test is summarized in Table B-7. The time-

- drawdown and time-recovery curves for DW-1, DW-3, and DW-5 are shown in

Figures B-30, -31 and -32. Location of the tested wells is shown in
Figure B-24, Location Map of Hydrogeological on Pilot Area.

B-2-8. Existing Pond Survey on the Pilot Area

The EC in the existing ponds on the pilot area was investigated to
analyze an aquifer system of the unconsolidated beds. Total Number of
investigated ponds is about 150.

The. results of investigation reveals that a distinet break of EC
value in the ponds was observed between terrace and alluvial flood
plain.  The former indicabtes EC less than 600 S/em and the latter
indicates more than 3,000 xS/c¢m. From this faet it is inffered that a
different manner of salt water contamination from the siltstone aquifer
take place in the terrace deposits and the alluvial deposits as
described in the following chapters.

Investigated EC in the existing ponds is shown in Figure B-33, EC in
Existing Ponds on the pilot Area,

B-2-9.  Groundwater Monitoring in the Exploratory Welis

The water tables and PH in the two exploratory wells and ten

observation wells have been continucously monitored twice a month since
November 1990. :
The exploratory well, W-1 on Ban Pa Mo indicates 1.29 m water level
depression by two months and W-2 on Ban Non Tun indicates 0.15 m
depreésion during observation period. The former penetrate in the sand
cand gravel aguifer and the latber penetrate in the siltstone.



The seasonal ifluctuation in the: observation wellg which penetrate in
the 311tstone ranges from 0 to 4.8 m,

Observed water levels in the exploratOPy'wells and observation wells
are shown in Figures B-34 to B-37, and location of the .exploratory
wells is shown in Figure B-2,

B-2-10. Hydrogeological Field Survey

The W-1 well, drilled in Ban Pa Mo, reveals that the unconsolidated
gravel bed has a thickness of more than 30 meters and it thins to the
east.  The bed unconformable overlies the Khok Kruat and the Maha
Sarakham Formation. :

Although the boundary of the Khok Kruat and the ‘Maha Sarakham
locates on .the basement of the gravel bed, no’outdrops of the boundary
were ohserved in this area, However, in view of general geologic
knowledge, a king of tectonic zone which is. represented by a zone of
cracks, fractures and coarse grained sandstone, may be expected near
the formation boundary, especially if these two formations has an
unconformable relationship. There is a large possibility that the
boundary of these formation .play the most important role for the
discharge of the dissolved salt water from rock salt. The salt water
can easily disperse through the permeable. gravel bed -after it
discharged to the surface of the siltstone. Data from geo-resistivity
sounding and EC distribution in the existing wells support this idea
because heavily concentrated salt water is mainly located at the
eastern limit of the gravel bed (see Figure B-4, Resistivity Contour
Map at Depth of 140 m and B-38, Groundwater Conductivity Map in
Siltstone Aquifer).

The salt concentration was observed on a surface of the siltstone in
a riverbed of the Chi River near Ban Non Bua Di Mi where new bridge is
under construction., The salt crystallization was found on the cores
grained sandstone and, along joints and cracks of the siltstone,

These field evidences suggest that the dissolved salt water from the
rock salt discharge vertically into the overlying unconsolidated beds
through its cracks, fractures and cores grained sandstone beds, then it
flows horizontally through the permeable layers. '

As already stated, detailed hydrogeological surveys were carried out
in the pilot area (see B-24, Location Map of Hydrogeological Survey on
Pilot Area). :

Based on the survey, the hydrogeclogical map is prepared sa shown in
Figure B-30,



B-3. Hydrogeology and Groundwater of the Study Area
B-3-1. Hydrogeologiocal Units

Two major aquifer systems, the Quaternary and Siltstone, are
distributed n the study area. The Siltstone forms the basement of the
~ study area and. depbth. to it ranges from 3 to more than 30 mugs. The
Quaternary is subdivided into two, the Pa Mo gravel bed and the terrace
deposits.

- The Pa Mo gravel bed forms the undulating reolling hill near Ban Pa
Mo trending north-south direction with an altitude of about 200 mamsl
and 2km width. - The maximum thickness attains more than 30 m and it
thins eastward where the terrace deposits unconformable overlies it.

. The beds are composed of mainly well rounded white colored gravel of
chart with minor amount of fine sand and silt,

The terrace deposits are widely distributed in the study area and
the thickness abtains a maximum of. about 15 m. Although detail
investigation of the deposits is not conducted by the study team,
ocular investigation in this deposits was conducted at 20 hand augering
holes by the soil survey crew of the study team during the 1st stage
field suryey. The augering reveals that the deposits were composed of
a silty and/or clayey material with fine sand with lateritic grave,
From. this it may be inffered that the deposits act slightly impermeable
than. the Pa Mo gravel bed.

As already stated, the Siltstone is practicaliy impermeable basement
“but the fractures and coarse grained sandstone facies in the rock acts
a kind of aquifer.

B-3-2. Groundwater Flow

The contour map for the piezometric head on the end of September,

1890 - in the Siltstone aquifer is drawn by Ethe use of wuater level
records of the exploration wells (see B-34, -35, -36 and -37, Well
Hydrograph for the Exploratory Wells). The map shows that the
piezometric head decreases monotonously Gtoward the east from the
rolling hill to the. east of Ban Phra Yun and from this point, it forms
narrow groundwater mound toward Ban Non Tun.
This feature suggests that the groundwater flows monotonously from the
prolling hill to the east of Ban Phra Yun and it changes direction of
flow toward two, the northeast and southeast . (see Figure B-4Q,
Piezometric Surface of the Siltstone Aquifer).



A large number of the Piezometrie head in the Siltstone aquifer in
the existing wells were also observed by GREP-.(Groundwater ' Resources
Evaluation Pilot Project, Thai-fustralia northeast water resource
project), Same feature of the contour map is obtained by - the data  of
GREP.

The groundwater in- the Siltstone aquifer shows the  confined
.condition but it could not flow out to the ground. surface except a few
wells. Among the exploratory wells, only one observation well, P-5,
shows an artesian condition. S

The water tables in the Quaternary aguifer were also cbserved in the
exploratory wells, W-1 and  P-7,  during the survey period.  The
fluctuation of water tables in W-1 which penetrated into the Pa Mo
Gravel ‘Bed, indicates. 45 cm between the rainy and dry months in
comparison with it of the Siltstone which indicates more than 75 cm oat
W-2. ‘ :

B-3-3, Groundwater Potential.
(1) Aquifer System

The hydrogeclogical study reveals that two kinds of aquifer systems,
the Siltstone and the Quaternary, are distributed in the study area.
The Siltstone 1is practically impermeable, but- infiltration. and/or
discharge may occur in concentrated points, fracbure zone or formation
boundary for example, or more generally, It is widely distributed in
the study area. The unconsolidated Quaternary aquifers unconformable
overlies the Siltstone in the study area and it is distributed -in the
undulating rolling hill, terrace terrain and alluvial . plain. The
aquifers in the former two assign to the Pleistocene and the last
assign to the Holocene.

(2) The siltstone Aquifer

The aquifer potential of the Siltstone depends on presence of
fractures in the rock because well consclidated siltstone is basically
impermeable.  Although the fractures develop irregularly, in vies of
general geologic knowledge, these fractures develop concentrically at a
kind of tectoniec zone which is represented by faults and unconformable
formation boundary. it 1s natural that greater yleld can be expected
if water well is locabed on these zones.

Based on the aquifer test In the existing wells conducted by GREP,

specific capacity of the Siltstone on a central part of terracial
terrain which extends from Ban Tao near the middle of Huai Yai to Huail
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Wan Hin, a tributary of Huai Yai, indicates less than 5 lit/min/m in
contrast with the west of Ban Phra Yun where specific capacity ranges
from 5 to 10 lit/min/m : '

Based on above specific capacity of. 5 lit/min/m, well yield cab be
caleulated at 12cu.m/day if pumping duration apply to 8 hours with
drawdown of 5 m, It is natural that, well with specific capacity of 10
lit/min/m can Yield 24 cu.m/day if pumping apply to same condition.

In general, the specific capacity of the Siltstone tends to increase
on the northwestward and ecastward of the study area. Furbhermore, a
zone of high specific capacity is located on Ban Phra Yun with north-
south trending (see Figure B-41 Specific Capacity of the Existing Wells
in Siltstone Aquifer in APPENDIX B)

Water quality of the Siltstone aquifer varies with location of
wells., Distribution of EC in the existing wells are shown in Figure B-
38, Groundwater Conductivity Map of Siltstone Aquifer in APPENDIX B,

fis - easily visualized In the figure, a =zone of high EC forms
obviously at 2 km west of Ban Phra Yun with nerth-south ternding where
.EC: ranges from 10,000 to 20,000 x5/cm and it decreases toward both
sides from the zone.

A location of low resistivity zone is quite identical with zone of
high EC because resistivity is reciprocal with conductivity (see Figure
B-ll Resistivity Contour Map at Depth of 140 m in APPENDIX B},

* Based on the water quality test of groundwater in W-2, which drilled
at Ban Non Tun on the rolling nill, EC and TDS indicated 1,600 nS/cm
and 810mg/1it respectively, however high concentration of total iron
and hardness provided to be inadequate for drinking purpose (see Table
B-8, The results of Water Quality Test in The Exploratory Wells in
APPENDIX B}. '

Based on the drinking standard of WHO, permissive limit of TDS is
1,500mg/lit which can probably express 2,300 u3/em in EC, consequently
only the groundwabter in the silstone aguifer on the rolling hill, about
5 km east of Ban Phra Yun, is acceptable for the drinking purpose.

EC of the siltstone aguifer in newly excavated drainage at 3 km
south-west of Ban Phura Yun, indicates more than 20,000 xS/cm. There
is .a. large possibility that overlying aquifer is more subject to
contaminate by a high concentration of EC when water table of the
siltstone aquifer -ascends through cracks to Ethe surface of the
siltstone. '

As mentioned before, groundwater yield of the siltstone aquifer

estimates about 20 cu.m/day in promise potential areas, however
considering qualifative assessment for drinking purposes, the maximum
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yield attains 10 cu.m/day on the limited arca of rolling hill in the
east of the study area. ‘ : :

(3} The Quaternary Aquifers

1)

2)

The Pa Mo Gravel Bed. _

The Pa Mo Gravel Bed on the rolllng hlll in the west of the study
area is about 30 meters in maximum thickness and it forms
exploitable potéhle agquifer in consideration of quantity and quality
(see Table S-8 The Results of Water Quality Test in the Bxploratory
Wells in APPENDIX B), .

The aquifer test in the exploratory well of W- 1 reveals that
caleulated specific capa01ty and transmissivity are 20 lit/min/m and
T0m2/day respectively by 21.4 lit/min pumping rate. It can lead to
an yield of 4B cu.m/day by 8 hours pumping and 5 m drawdown.

Groundwater from this aquifer is utilized. in Ban.Non . Khu, the
north of Ban Pa Mo, for the source of village water supply system.

Recommendable area for the developmenc .of - this -aquifer is
restricted on a center of the rolling hill where underlies thick

gravel bed. The thickness of bed thins toward both sides of the

hill.

The Terrace Deposit

The Terrace Deposit is widely dlstrlbuted in the area and the
permeability of it indicates comparatively low due to lithological
composition, The thickness attains less than 10 m and expected
potential in this aquifer is low due to its permeability. Although
many dug wells are ubtilized fro domestic purposes, depth of the
wells is not so0 deep ranging from 5 te 8 m to prevent vertical
seepage of groundeater from the siltstone aquifer,

Based on the aquifer test conducted by the study, the groundwater
yield of this aquifer estimates from 2 to 2.5 cu.m/day by 8 hours
puming and 1 m drawdown.

Measured EC in this aquifer indicates less than 600 uS/cm in
extensive area but it increases Lo more fthan 2,000 .S/cm in the
comparatively low land where the aquifer is subject to contaminate
by the siltstone aquifer of high concentration of EC, EC of the
ponds located in alluvial plain where the siltstone is  just
underlying, indicates extremely high in comparisen with it of ponds
located in mere higher place. This fact leads to the following idea
that the groundwater in the terrace aquifer is contaminated by the
groundwater in siltstone aquifer. This aquifer is not utilized by
the villagers for drinking purpose because of high -concentration of
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