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Appendix B-1  HYDROLOGY
B-1-1 Present Condition of Meteorology and Hydrology
(1) Observatidn Station and Records

The location of hydro-meteorological cbservation stations are shown

in Figure B-1-1. There is no stations in the areas.
(a) Meteorological observation station

There is the Phitsanulok station under the Meteorological Department
in the vieinity of the study areas. Meteorological data and information
for 1956 to 1985 have been collected.

{b} Rainfall and discharge observation station

Rainféll has been observed in terms of daily unit almost for more
than 20 years. there are some discharge observation stations in the

vicinity of the study area and they have observed for less than 20 years.

{2) Rainfall

As the representativé'rainfall station, Ban Dan Hoi (59062) in Thung
Sai Yart and Kong Krai Lat (59042) in Nong Khon Kaen, are selected. As a
result of analysis, Thung Sai Yart has less rainfall of around 1,000 mm,
compared to the other area in Thailand as shown in Figure B-1-2. Annual
rainfall in Nong Khon Kaen is approximately 1,200 mm, more than that in
‘Thung Sai Yart. Annual fluctuation is represented by probability

rainfall as follows.

Probability Rainfall (mm)

Probability Year - _Nong Khon Kaen Thung Sai yart
10 961 Ty
5 1,047 gaa
2 _ 1,235 1,012

Note ; Observation period ; Nong Khon Kaen 1952 to 1987
Thung Sai Yart 1966 to 1987
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Annual average number of rainfall days is shown as belows.

Rainfall bays ({(day)

Study Rainy Dry In a o Cultivatioh Period

Area season seasonh Year May %o July _ Aug. to Nov,
Nong Khon Kaen 58 '8 66 26 32
Thung Sai Yart Ti 11 85 _ 36 38

In both areas, it is less than 100 days, and is considerably less
than 122 days (1956 to 198%) in Phitsanulok.

B-1-2 Study of Surface Water

(1) Runoff of Low Flow

{a) Rainfall analysis

a~1. Selection of representative observation station

Kong Krai Lat (59042) station in Nong Khon Kaen is used for analysis
of river basin. As the representative station for analysis in Thung Sai
Yart, there are Ban Dan Lan Hoi (59062}, Thung Saliam (59092} and Muéng
{59012). Basin rainfall is estimated by using Tiesen ﬁéthod,

® 59092 .
SALIM - LEGEN
s WATERSHED
PROJEGT AREA
RAINFALL STATION
THIESSIN POLYGDN

& 39062

BAN DAN LAN HOJ *35012
MUANG
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a-2. Probability rainfall

Probability rainfall are calculated as a basic information for
irrigation planning purpose, with Thomas method, as follows.

Probability Annual Rainfall (mm)

Study Probability Year _
Area 2-year bH-year 10-year 20-year
Nong Khon Kaen 1,235 889 800 733

Thung Sai Yart 1,030 855 776 716

(b) Analysis of runoff
b-1. Catchment:area

Catchment area are estimated on the topographic maps of 1/50,000 and

are shown in Figure B-1-3.
b-2. Preparation of runeoff mbdel
1) Anglysis method of runcff
Tank model method is applied, considering the following conditions.
~ Irrigation demand shall be calculated on 10-days basis.

- Daily flow shall be required for flood analysis.

- There are measurement records in the vicinity, at where
correlation to the rainfall between them ig recognized.

2} Runoff model

In the model, overall river basin including study area 1s regarded

as one model and runoff amount is estimated with specific discharge.

3) Calibration of model consfants
Constant values are verified with daily discharge data at Y.26 near

Thung Sal Yart and daily rainfall at Thung Saliam{59092). In the

medel, loss of evaporation and infiltration at the beginning of
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rainy season are considered. Three years from 1980 to 1982 is used
for verification of model because correlation between rainfall and
runoff is comparatively high and is hardiy affected by quantity of
water taken from river during these three yeéré. Eﬁaporation is
regarded as 75% in Phitsanulok for verification because the basin

of Y.26 is located in northeast and inéludes mountain area.

Diagram between measured and calculated values are compared for
verification of runoff model.

b-3. Calculation of runoff by model

Using the model, runoff of both areas is calculated, of which period
is from 1968 to 1987 in Nong Khon Kaen and from 1970 to 1987 in Thung Sai
Yart. In the parameters to be defined, evaporation is set at 100% and
90% of Phitsanuleok in Nong Khon Kaen and Thung Sai Yart, respectively.
Calculation is conducted on a daily basis and result is summarized in

Tables B-1-2 and B-1-3. An example of result is also shown in Figure B-1-
i,

(2) Flood runoff
(a) Rainfall analysis

Rainfall probability is estimated by Thomas method to plan the

design capacity of drainage facilities, as follows.

Continuous Rainfall by return-period(mm)
rainfall days 2-years 5-years 10-years 20-years
(Nong Khon Kaen)
1-day a3 ’ 101 111 121
2~days 113 142 161 178
3-days 132 166 188 207
(Thung Sai Yart)
1-day T 98 112 124
2-days 102 131 149 166
3-days 119 152 172 191
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(b} Runoff analysis by model

In Thung Sai Yart, flood is caused by excess runoff from upstream
basin and insufficient drainage capacity of the present facilities, which
takes place generally according to the intension of continuous three-days
rainfall. Therefore, 114 mm of three-days rainfall in September in 1976,
is selected to wmake flood runoff model, of which rainfall is almost
equivalent to return period of 5-years. And, flood discharge is
simulated based on the model, as follous.

Month/day Rainfall{mm) Simulated runoff(cu.m/s)

.50
12
.91
A7
b6
.85
.89
.72
.22
e h

WO
e

1.7

CLVXTOV EWN =
;-—‘
VOO OO O - = —

—_

As a resylt of analysis, peak discharge is estimated at around 161

cu.m/s.
(¢) Calculation of runoff by rational formula.

Besides the above model, rational formula is applied to estimate The

peak flood discharge in both areas.

- Calculation formula
Q = 0.2778CIA
Q : Flood discharge (cu.m/s)
C : Coefficient of runoff
I : Rainfall intensity (mm/hr)
- Time of flcod concentration
Time is caleulated based on the following equation.
Te = (0.87 L? /H)u.asﬁ
Te: Time (hr)
L : Length of catchment area (km)

H : Elevation difference betuween the remotest and terminal
points (m)
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"H" is obtained from topographical map of 1/50,000. And,
watercourse is divided at some changing points of topographic
features to estimate "Te", ahd each "Te¢" is caloulatéd by éaoh
watercourse. Accumulated "To“_is applied as shown in Figure B-1-5.

- Runoff coefficient
Goefficient is applied at 0.3 and 0.1 in Thung Sai Yart and Nong
Khon Kaen, respectively, based on the Table B-1-4.

- Rainfall intensity - .
It is estimated by using rainfall intensitj at. A. Muang

(Phitsanulok) nearest to the study areas. But, it.shquld be
modified with annual rainfall ratio, because amounts is different
between them. Ratio, therefére, is calculated according to their

_amounts, at 0.7 in Thung Sai Yart and 0.9 in Nong Khon Kaen.

- Reéult ) )
The result is shown in Figure B-1-5, with specific yield. In 5
years return period, peak discharge is estimated at 162 cu.m/s and

10 cu.m/s8 in Thung Sai Yart and Nong Khon Kaen.
{d) Water level in Ban Mai canal

One of major cause of flooding is an influence of backwater from Yom
river. Water level in Yom river, therefore, have been studied for plan

formulation of drainage system.

There is no observation station at junction with Yom river and Ban
Mai canal. Nearest point is Y.15 (Ban Kong} station, but, at that
station, observation period is too short and its record is not by
elevation, but by gate height. Therefore, its station is not useful for
analysis. The Y.l (Talat Thani) with long observation pericd is

designate as a representative station.

Water level near the junction with Yom river is assumed by taking
account of difference of ground elevation of 8.0 m between the Y.4 and its
junction. And, judging from the difference of ground elevation between
the junction and study area is small, water level in Ban Mai canal is
regarded as equal to that at the junction. As a result of study, maximum

water level is assumed at 40.0 to 42.0 m.
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Tabie B-1-1 MONTHLY RAINFALL(1)

MONTHLY RAINFALL AT BAN DAN LAN HOI (59062)

UNIT :nim
TRAR  APR WAY on L AYG SEP ocT NOY 0
1866 ek [ Y S L L LTXY I 155.6 dhen 160.3 1.7 Dg 0 ;?ﬂa fguﬁ RBRO ANTL::L
1956 1.6 317.4 134.6 70.12 213.0 123,32 167.4 52.0 12.4 0.0 13,1 0.0 11080
1967  74.0  128.8 93.0  145.8 . S0.7  173.5  192.2 64,0 0.0 0.0 %.0 0.0 951,
1968 172.0  231.1 133,06 168.1 36.8  162.0  164.6 0.0 0.0 93.0 0.0 32.0 17208
1969 49,3 163.2 42,0 104.4 150.6 160.5. 9.0 0.0 0.0 3.2 0.0 6.0 1001.3
1970 52.0.  222.% 86.7 149.7  21}.6 2340 127.1 30.0 8.9 0.9 0.0 0.0 1131.7
1971 6.3 166.9 116.2  106.2 111.4 198.8 44,2 0.0 0.0 0.0 o 0 0.0 738.0
1972 103,23 14.0 4.1 12.6 23.1 226.4 T 50.4 0.0 0.0 0.0 186.5 Ba7.8
1973 0.0 206.4 66,7 86.6 112.3 393.9 23.2 0.0 0.0 0.0 0.0 122.6 1011.7
1974 92,8 243.8 47,0 - 116.7 174.6 208.3  271.1 66,6 0.0 0.0 0.0 0.0 1221.8
1976 30.2 167.8 137.2 142.6 146.6 170.8  167.% 27.2 0.0 0.0 0.0 0.0 979.9
1976 1.6 160.9 85.6 70.2 219.3 362.7  220.0 27.% 15.2 2.0 0.0 9.4 1193.0
1977 84,8 83,8 0.0 178.2 73.0  289.4 8.9 0.0 0.0 0.0 7.2 0.0 72513
1978 - 16.6 102.9 84.0 194.6 5.0 241707 FEL. 4 [N 0.0 0.0 0.0 0.0 8861
1979 168.% 170.1 68.6 0.0 T 240:9 431 0.0 0.0 0.0 0.0 0.0 758.7
1080 16.8 397.7 261.6 . 205.0 90.7 350.9  168.2 30.9 0,0 0.0 10.5 0.0 1523.9
1981 67.0 122.2 127.7  169.4 146.2 38,3 144.0 128.5 0.0 0.0 0.0 0.0 9834
§982 7.8 154.8 97.0 - £9.3  112.6  211.§ 90.8 8.0 0.0 10.3 0.¢ 0.0 754,
1983 4.0 233.4 165.1 09,1 237.1 234.9  276.5 710 17.6 0.0 12.0 0.0 1960, 8
1564 43,6 1942 163.6  126.0 .  36.& 284.0  161.0 12.2 0.0 5.0 6.2 0.0 931.2
1985  66.9 226.7 209.1  135.9 87.4 170.1 423.2 86.1 0.0 0.0 0.0 0.0 14044
1986 79.7 62.0 13.0 9.5 136.3 286.3 101.7 0.0 1.0 0.0 0.0 10.8 8194
1987 10_.1 114.0 192.1 0.0 190.48 J31.58 108.5 110.6 110.6 0.0 i7.0 0.0 1266.2
AVE. 54.39 172,47 110.27  107.6% 127.28  249.13  146.90  32.86 7.64 6.99 3.72 16.58  1035.37
MONTHLY HAINFALL AT TUNG SALIAM (59092) UNIT: mm
YEAR  APR HAY JUN JuL AUG SEP ocT oY DEC JAN FEB MAR ANNUAL
1966 £§0.0 A60.0 196:0 76.0 316.0 244,86 70,2 7.0 10.0 0.0 6,0 ¢.0 -1326.7
1967  127.0 68.6 32.4 13.0 142.0 408,85 90.1 6.0 6.0 0.0 11.6 10.0 969,72
1068 (11Y] (X171} LYY T (LIL] b E 136.4 0.0 0.0 38.1 0.0 8.0 [T¥ 1}
1969 0.5 188.5 83.1 147.3 178.3 461.G 48,4 16.% ¢.0 0.0 0.0 51.4 1126.1
1970 48.8 147.6 81.0  253,2 - 33B.3 264.4 9.0 8.3 8.1 8.6 0.0 21.6 1255.7
1971 38,4  350.3 gi.4  113.2 Nn2.0 188.9 80.0 1.0 5.7 0.0 0.5 2.6 1183.9
1972 46.2 20.5 126.1 6.4 77.4 269.9 161.8  128.1 B.B 0.0 0.0 120,23 1013.6
1973 0.0 246.7 268.2 55.9 132.6 336. 4 az.9 24.2 0.0 0.0 0.0 8.1 1545.0
1974 68,6 203.5 §8.0  211.6 240.7 218.0  262.6 - 97.7 0.0 70.7 0.0 57.0 1578.3
1976 46,1 149.7 307.4  t&B.4 246.9 272,89 3.7 20.5 8.2 0.0 10.6 19.4 1684.3
1076 io.8 232.3 178.3 138.8 181.0 205.0 137.2 8.1 0.8 26.8 0.0 a0.9 1206.0
1997 78,0 116.2 6.4  128.% 63.6 336.2 26,9 0,0 0.0 0.0 7.4 0.0 762.2
1978 0.0 113.E 76.7 31,1 64.7 170.2 2.7 0.0 _ 0.0 0.0 0.0 0.0 759.9
1979 97.8 PPN 80.3 1.1 117.7 327.¢ ¢.0 0.0 a.0 o.0 0.0 1.7 rers
1980 61.4 266.5 348.3  200.3 203.9 421.3 93.1 a.0 0.0 0.0 0.0 0.0 1674.8
1981 77.1 7.7 14,4 169.1 113.6 i9.9  135.4  120.% 2.9 0.9 0.0 0.0 10271
1982 41.0 150.6 89.8 45.6 78.9 204.6 1031 0.0 2.0 0.0 0.0 6.0 745.4
1983 1.6 196.0  1560.2 91.7 201.3 177.6  107.B 7.1 i 0.0 53.5 8.0 1063.2
1984 0.0 109.3 162.2 64.3 78.5 126.4  127.3 0.0 ¢.0 0.0 0.0 0.0 648.5
1985 110.0 119.8 82.3  103.5 43.0 aii.0  219.5 73.5 0.0 6.0 9.0 0.0 1062.48
1985 66.1 £4.2 117.0  128.6  204.2 238.4 44.2 0.0 3.1 0.0 0.0 29.8 909.5
1987 36.6 $0.9 199.7 24.85 166.1 227.0 6&.0 116,12 9.0 0.0 0.0 ¢c.0 B9%.0
AVEH. 44.53 174,18 136.13 121.00 166,70 265.26 106,84 3.6 2.33 6.656 3.80 221.60 1092.26
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YEAR
1962
1953
1954
. 1963
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1960
1967
1968
19639
1970
1971
1972
1272
1974
1976
1976
1977
1978
1979
1980
1981
1932
1983
1984
1985

AYE.

YEAR
i952
1953
1954
1865
1956
1957
1958
1959
1960
1961
1962
1963
1964
1865
1966
1967

"1968
1969
1970
1971
1972
1973
1974
1976
1976
1977
1978
1979
1980
198)
1982
1983
1984
198%
1986

1987

AYE,

APR
30.8
122.2
7.8
76.7
35,4
50,3
39.9
83.0
3.2
84.7
3.3
0.0
63.8
28.5
0.0
75.6
8.3
19.2
94.8
55.5
88.6
0.0
100,7
5.8
1.7
4.7
23.0
57.6
0.4
27.8
26.0
0.0
19.8
1011

47.19

APR
29.4
63,5

0.0

114.6
90.3
20.0
54.6

12a8.8
5.9
63,0
iz.2
75.9
24.3
17.9
16.9
20.1
24.8
44.3
64.5
28.7
16.2
49.4
85.6
37.2
25.7
64.6
19.0

1348.3
56.6
1.1
81.5

0,0
46,9
8.6
70,4
70.6

b@.40

HAY
10,5
68.1
87.8
47.6
166.5
92.7
12.8

407,56

191.7
127.90

132,12

92.3
z538.1
95.1
234.2
102,1
17%.9
148.4
197.4
223.1
45.8
204.3
568.2
165.1
1.4
T8.E
163.5
168.%9
14G.8
196.4
48.9
100.8
o7.7
10.0

145.66

HAY
106.6
E0. 4
57.7
162.3
193.7
115.3
132.8
11i.4
2441
140.7
153.4
3.5
284.7
293.9
364.6
178.9
T06.0
137.1
198.8
2113
33.4
165.4
85.9
70.3
66, 4
i00.5
92.4
107.5
348.6
244.5
162.2
7.4
168.0
1£2.¥%
36¢.2
162.2

168.46

Table B—l;l HONTHLY RAINFALL(2)

JUN
297.8
204.4

11.0
252.3

71.9

82,9
214.0
-89.4
112.4

87.6

566

77.9

98.6

0.6

77.3
161.8%
197.7

. BB, L

122.4
127.8
192.2
186.8
142.0
213.4

34,2

22.6

as.6
110.6
b28.2
168.2
100.7
142.0
196.9

54.1

145.74

JUN
13%.2
95.8
113.6
179.8
63.1
170.9
296.1
147.3
18¢.4
142.7
126.0
110.8
169.1
154.0
160.2
104.0
79.2
§9.8
263.6
105.3
79.0
126.6
6T1.6
253.7
28.4
35,1
92.5
263.3
33L.9
315.3
204.9
J331.6
253.8
185.4
161.7
146.1

159.84

HONTHLY RAINFALL AT SUKHOTAL

JUL

rig.e
161.9
235.9
45.3
153,90
197.5
32.8
220,0
l45.8
7.8
203.7
158.5
85.9
6.8
78.8
82.5
83.4
186.%
352.6
124.8
3a.4
89.9
465.3
213.0
J7.4
1232.0
478.6
45.9
37,9
6.0
61.7
168.0
101.0

39.5

149.53

MONTHLY RAINFALL AT KONG KRAIT LAT{55042)

UNIT  ma

JUL
88.3
159.1
11,4

99.8
233.6
108.8
177.6
1m.7
141.8
211.3
166.7
241.0
89,4
71,8
190,2
177.9
175,4
B1.8
264.9
153.3
7.9
93,5
226.2
129.2
236,7
200,6
a72.0
196.2
327.8
269.3
31.6
121.2
94.3
15%.3
92.1
. 59.0

167.85

. MG
170.1-
128.3
176.5
190.0
6.2
106.0
218.1
147.%
111.9
105.0
169.5
224.3
8l.4
80,1
278,3
$6.6
i63.0
160.9
25%.8
264.7
§14.0
456.3
229.0

T 2452

109.8
193.2

80.8
132.¢0
260.6
188.9
151.1
152.8
139.6

57.9

167.40

AUG
203.6
102.4
251.2
206.3
105.4
100.7
246.9
210.8
2[3.%
144.3
174.8
142.4
165.90
J45.2
b67.2
180.2
108.6
177.5
463.14
412.8
i67.1
130.1
236.2
396.6
226.4
146.7

3.9
172.6
244.9
165.2
263.8
174.1
198.6
224.5

"319.8

276.9

222.02

SEP
298,
263.8
129.3
176.6
235.9
2094
149.5
340.6
2390.9
223.0
282.2
182,323
256.0
17%.7
7.6
30%.0
85.1
362.3
295.2
221.3
160.3
887.6
G4d.7
298.7
164.7
270.4
Ja4.0
98.6
369.7
31.4
261.8
205.2
52.8
112,58

236.78

SEP
246.2
279.2
167.6
179.9
324.6
217.8
139.4
327.0
213.7
322.7
346, %
2.8
JL6.1
5.3
1690.1
207.2
143.3
41%.2
191.2
2ab.l
166.9 -
27.0
169,1
E46.1
261.8
33,7
193.9
193.2
443.¢
127.0
166.2
16.7
2J3.0
J65.4
1863.7
376.6

264.76
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190,585
162.5
89.%5
110.5
166.4
179.9
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178.5
264.0
236.7
406.8
438.1
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78.2
48.%
1441
183.1
13956
153.0
186.7
50.5
58.4
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44,0
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0.0
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Table B-1-2 ESTIMATED MONTHLY RUNOFF DISCHARGE

ESTIMATED MONTHLY RUNOFF AT THUNG SAI YART

UNTT:MCH
my | A 1Y U I we | se oot | Koy DEG m FEB mR | ANUAL
wo | o4 | 61 | 23 |75 [me {ng {66 {29 | wo [ or | o 02 | 5.2
wn | 0.2 50 | 49 6.5 5.0 {03 46 0.9 0.1 0 0 0.1 8.4
wi [ 14 o] 02 11 0.5 0.9 5.0 8.7 3.4 0.5 0 0 1.9 23.8
s | 00 48 | 6.0 2.2 35 |z | e 11 0 0 0 1.2 0.3
BT 7.2 a0 | a3t 85 | s {10 8.2 1.1 0.6 0 0.2 5.1
ws | 0.3 1.7 8.0 6.2 7.9 | s e 41 0.6 0.1 7| 0.2 0.1 51,5
9% | 0.2 %6 2.0 L0 .4 | we |1 50 |- 01 0.3 0.0 0.3 51.4
1w | 08 11 1ot 2.9 L | 1 3.1 0.0 0 0 0.1 0 21.1
197 | 0.1 L0 |- 07 B.6 3.4 71 6.0 0.5 0 0 ] ] 74
w1 | 25 2.2 2.3 0.4 [ 15 | 64 | 41 .1 0 0 0 0.1 19.6
1980 | 04 | 164 | 144 9.5 69 {5 |12z 38 | 05 0.3 0.3 0.0 .2
1981 | 0.5 2.1 4.8 4.3 1.6 3.1 45 1.5 0.6 0.0 0 0.2 3.3
92 | 0.2 2.1 1.3 66 | L1 8.8 44| 05 0.1 0.1 0 0 2.4
1 | 0.1 | 31 | 86 3.6 59 {121 124 i8 1.3 0.0 0.3 0 52,2
Tl | 0.2 0.6 5.6 1.1 14 5.3 w8 |14 | oo 0.1 0.1 0 23.6
195 | 0.5 5.3 5.5 5.8 2.8 7.1 | 1.6 .8-1 2.0 0.0 0 0 5.5
e | e | od 58 | LB 2.5 9.5 5.4 0.8 ol of-0 0 o1 | %z
1981 0.3 1.1 5.9 0.5 | 44 13.6 .8 3.4 2.2 - - 2.2
we. | b5 | 41 | 48 | a7 | 47 |15 | 85 | 29 | 66 | o1 |0l | 02 | 408
ESTIMATED MONTHLY RUNOFF AT NONG KHON KAEN ——
YBAR AR HAY FUN JUL AUG SEP 6T NoOY BEC AR ) HAR ANKUAL
w8 | 0.a 1.3 0.2 0.8 1.2 0.6 0.5 0 0 0.0 0 0.1 4.8
1% § b 0.2 0.1 0.2 L0 4.3 2.1 1.0 0.0 0 0 0.0 10.2
w0 | 0.1 1.2 2.2 2.5 6.9 30 | 20 Lo 0.3 0.1 0.1 0.0 19.4
| o1 1.0 0.1 1.1 3.7 1.8 3.1 1.0 6.1 0.1 0.1 0.1 15.5
w2 | o1 o | 02 0.2 0.5 1.1 N 1.0 0.2 0 0 0.3 5.4
13 | 0.0 0.7 1.0 0.4 1.2 2.2 2.9 0.4 0 0 0 t.1 8.9
9| 01 0.3 0.3 1.1 2.0 2.6 1.8 1.6 0.0 0.2 0.0 0.0 9.4
1915 | 0.0 0.2 1.6 | 10 7.6 | 121 7.4 2.0 0.5 0.1 0.1 0.0 3.2
W | 0.0 2.1 | 05 0.8 2.8 3.5 2.1 Li. ] o1 0. 0.0 0.6 19.3
91 | ol 0.2 6.1 1.2 1.0 3.2 1.8 0.3 0 0 0.5 6.0 3.5
1w | od 1 | 02 36 | 13 2.2 1.4 0.1 0 0 0.5 0.0 9.5
e | 0.3 0.3 1.5 2.3 1.5 1.9 0.6 0.0 ¢ 0 0.0 0 8.5
w0 | 0.0 3.5 2.6 6.0 42 6.8 13 1.2 0.2 0.1 0.1 0.1 2.1
w01, ] 14 3.3 2.6 3.4 1.4 L5 1.1 0.3 0.2 0.1 0.1 15.5
182 | 0.2 1.1 1.0 1.0 1.8 2.8 2.0 | 0.5 0.2 0.1 0.1 0.l 12.9
183 | 0.0 0.2 3.1 0.9 1.3 3.2 2.0 Ll 0.3 0.1 0.0 0.0 iz.2
i | 01 0.7 |22 0.7 0.8 2.1 i2 0.9 01 0.1 0.1 0.0 12.0
155 | 0.2 0.8 1.3 1.2 21 | 83 T4 .| 1d 0.4 0.1 0.1 0.0 18.3
W | ot | a3 L7 0.9 2.9 2.5 3.1 0.4 0.1 0.1 0.0 0.1 15.6
187 | 0.2 0.3 0.4 0.3 L8 .| s 0.6 0.1 - 8.7
me. | o 1.2 1.3 14 2.5 3.4 2.8 0.8 0.1 0.1 0.1 0.1 13.3




Table B-1-3  ANNUAL RUNOFF RATIO

Thung Sai Yart | Nong Khon Khaen
'%m. Drainage area 423. Gkn’® - {Drainagearea] 00, 1km?
Aonual | Annval. | Annval | Annual Annual Annval
rainfallf runoff. *{ runoff | T2infalll qunofi - | rumoff
{mm) (ncm) - ratio | {nod (mcm) - ralic
1968 | =t — | = | 8251 - 412 | 0.06
1869 - = = — 1,201 995 0.08
1970 1,182 5,032 | 0.10 | 1,684} 1,940 | 0.12
1971 8691 3.8069 | 0.11-} 1,415( 1,512 | 0.11
1972 T4 2,188 ) 0.07 8831 . 523 | 0.06
1973 L2} 4,118 { 009 | 1,179 . 828 | 0.07
1974 1,383} 5,931 § 0.10 { 1,17t 930 | 0.08
1975 L1541 5,202 1 0.11 | 1,984} -3,318 | 0.17
1976 LI52] 511 ] 011 | 1,359 1,800 | 0.14
1977 1719 2:160 - 0.08 7 986 802 [ 0.08
1978 8617 2,751 | 0.08 | 1,101] ~ 952-| 0.09
1978 769 ) 1,940 | 0.05 |. 1,175 900 1 0.08
1980 1L,0230 8752 1 0.14 | 1,948 2,909 { 0.15.
1981 10031 3,166 | 0.07 | 1,4083! 1,533 | 0.11
1982 7921 2,213 | 0.07 |* L,1971 1,307 | 0.11
1983 L2868 5,178 | 0.10 | 1,274 1,231 | 0.10
1984 8651 2,313 | 0.07 | 1,321 1,181 | 0.09 |
1985 1319} 5759 | 010 | 1,589} 1,878 | 0.12
1986 947 3,667 | 0.09 | 1,341| 1,565 | 0.12
19817 11,1741 3,932 | 0.08 | 1,222 934 | 0.08 |
Qszﬁﬁe 1,047 4,095 | 0.08 | 1,317| 1,383 | 0.10
Table B-1-4  RUNOFF COEFFICIENTS
Value of C
Topography and Vegetation Soil Textuie )
Opcroi:lndy Clang::: Silt Tight Clay
Woodland )
Flat 0 - 5% slope _0.10 0.30 0.42
Rolling 5 -10% 0.25 0.35 0.50
Hilly 16 -30% 0.30 0.50 0.60
Pasture
Flat 0.10 0.30 0.40
Rolling 0.16 0.36 0.55
Hilly 0.22 0.47 0.60
Cultivated
Flat . 0.30 0.50 0.60
Rolling 0.40 0.60 0.70
Hilly 0.52 0.72 0.82
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Figure B-1-2  MEAN ANNUAL RAINFALL MAP (1952- 1980)
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DESIGN FL.OOD DISCHARG
Study Area: Nong Khon Kaen
I {mm/br} C g w*/s)

12 115 | 1/10) 17200 11/2 [ 1/5 | 1/10 | 1/20
®Ban Mai [22.0] 7.0[10.8(13.5|15.3[17.54 0.1 7| 9 10| 1
@Ban Mai [ 39.0}11.01 7.2{ 9.0]10.8]12.7] 0.1 8| 10 | 12 | 13
@Ban Wi |61.2|13.0] 6.3] 8.1] 9.0010.4] 0.1] 11 | 14 | 16 | 18
@Huang C. 100.1/13.0] 6.3) 8.1| 9.0{10.4| 0.1] 18 | 23 | 26 | 29

note:Rational Method 8=0.278CIA
Where 0;Flood Discharge { m®*/s)
C:Coefficient of Runoff
I;Raifall Intensity{mm/hr)
50% rainfallintensity at A.Mu ang,Phisanulok
f;Cathment Area(kn®)
Time of Concentration '
T ¢ =(0,87L%/H) * 385
Where T¢ ;Time of Concentration{mm/hr)
L :Length of Catchment Area(km®)
H ;Fall of Streamed From The Rmotest Part to
The OQutlet(m)

Calculat | & Te
ing POint | kn®) | (hr)

A v 225 Kn

Avane ¥n”

Sang oyt

CATCHMENT AREA
@Ban Mai = a «p0)xmt

a4, ®Huang C,

o WAYEASHED -

~ RIVER

E7Z3 PROJECT AREA
'

DRAINAGE BASIN MAP (NONG KHON KAEN)

Figure B-1-5 CATCHMENT AREA AND DESIGN FLGOD DISCHARGE (1)
B-~15



Q

DESIGN FLOOD DISCHARG
Study Area: Thung Sai Yart

Calculat |A Te I {um/hr) ¢ g m3/s)

ing POint | ko®) | (he) : ' — : : '
| Tz [ s L0 1720 1/2° | 1/5 | 1710 | 1/20
@ailukon | 50.3|15.0| 4.4] 5.5] 6.2) 6.9] 0.3 18 | 24 | 2 | 29
@Pong [ 32.1[15.0( 44| 5.5] 6.2| 6.9] 0.3 12 | 15 | 17 | 19
@fhao  170.0120.0| 3.4| 4.3] 4.9} 5.4] 0.3 48 | 61 | 70 | 77
@sskot  171.2|20.0| 3.4 4.3| 4.9] 5.4] 03] 49 | 62 | W0 | 78

note:Rational

CATCHMENY AREA

Az 4236 K

2000
= e,

2

4000 6000 m
e

Method 0=0.278CI1A

Where 0;Flood Discharge ( m®/s)

C;Coefficient of Runoff
I;Raifall Intensiiy(mm/hr)
-T0% rainfallintensity al 8. Hunang, Phisanulok
A;Cathment Area(km®)
Time of Concentration
Te =(0.87L3/1) °- 38>
Where T¢ ;Time of Concentration(mm/hr)
L iLength of Catchment Area(kn®)
I ;Fall of Streamed From The Rmotest Part to
The OQutlet(m)
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Appendix B-2 GROUNDWATER
B-2-1 Outiine of the Activities Performed

(1) Data collection on groundwater use and relevant projects
(2) Questionnair on existing wells and state of groundwater use
{3) Test well digging, logging and pumping test, as follows.
. Ttems Nong Khon Kaen Thung Sai Yart

Test well 1 site, BO m 1 site, B0 m
1 site, U2 m

¢

Qbservation hole

Boring with S.P.T. 1 site, 50 m 1 site, 50 m
Non-core boring 1 site, 35 m
- Geophysical logging 3 holes 3 holes
- Pumping test 1 test well 2 test wells
" 2 existing wells 1 existing well

{4) Groundwater level observation

In order to grasp the current fluctuation of groundwater level, they
have been measured on a long-term basis from January in 1989 to January
in 1990. A simultaneous observation has also been carried out in

September.

{5) Water quality test
Sixteen samples were collected from deep and shallow Wells in both

areas.

{6) Hydrogeological study and analysis
B-2-2 Geolegy and Hydrogeology
{1) Outline of geclogy in the basin

Central Chao Phraya plain including the study areas is filled with
unconsolidated and very low consolidated deposits which are formed by
alluvium, pleistocéne in Quaternary and upper Tertiary { Refer to Figure
B-2-1 ). These deposits are composed of sand, gravel and clay and

thickness of them_is more than 500m.
{2) Geology of study areas

Two areas geologically consists of the sand, gravels and clay aa



shown broadly in the existing columnar section (Refer to Figure B-2-2).

Nong khon Kaen

Judging from the data by test well JT*i and obaérvation hole J0O-1
and existing data, it is consisted of horizontal deposits of alternating
sand and clay layers of alluvial and diluvial formations in Quarternary
period.  Boundary between zand and clay layers to divide.the alluvial and
diluvial formations, is assumed at 34 m depth, taking account of geology
and number of blows (M value) in the standard penetration test (S.P.T.).
Geological sections are shown in Figures B-2-3 to B-2-6. Their details

are as follows.

Surface layer of clay (Se) is 5-14 m in thickness with clay, silt
and containing organic substances near surface. Laterite gravels are also
present, indicating the formation of laterite in some part of surface

layer.

Alluvial sand layer (As) is present beneath the surface layer, which
is measured abt 14-29 m consisted mainly of sand with thin layer of clay.
The sand is fine to ccarse sand relatively well sorted. Some of fine

gravels with less than 10 mm in diameter are contained.

Diluvial formations spread béneath the alluvial one and its boundary
is almost horizontal. The sand and clay layers in the alluvial and

diluvial formations lie almost horizontal, too.

Diluvial clay layer (Dc) lies beneath the alluvial sand layer (As)
with thickness of t4-19 m and N values of 16 to 36 in depth of 34-38 m
and 50 to 64 in depth of 38-48 .

Diluvial sand layer (Ds) lies beneath the diluvial'elay layer (Dc)
with moderately sorted fine to coarse sand and fine gravels of calcareous

mudstone, sandstone and gquarts.

Thung Sai Yart

Results of drilling works are shown in Figure B-2-7 and B-2-8.

Geological characteristics are shown in Figure B-2-9. More details are as
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follows.

Surface léyer of clay (Se¢) iz 3 to b m in thickness with clay, clay
with sand and sandy clay. Some of clayey sand is present.

Alternating diluvial c¢lay and sand layer I (Dxis) lies beneath the
surface layer of clay (Sc¢) with 38“u8 m in thiekness, which is conaisted
of sand, sand with clay, clayey sand, silt, sandy clay and clay. In some
part of sand to clayey sand layer, fine gravels of quartz and rhyorite

are included.

Diluvial clay layer I(D ¢} is present beneath the alternating
diluvial and sand layer I{Dav.i) with thickness of HUD-50 m.

Alternating clay and sand layer I (Da;g) lies beneath the Dc: with
i8-21 m in thickness. JT-2 and JT-3 dug in this study don't reach this

layer, so that more details are unknown.

Beneath the above alternating layers, diluvial clay layer H (Dc:)

and alternating clay and sand layer Il (Dav.s), etc , are present.

B-2-3 Present Groundwater Coendition
{1) Groundwater level
{(a) Long-term observation

Twenty-five wells were selected to observe water level for 12 months
from January in 1989. Results in Nong Khon Kaen are shown in Figure B-3-
11. 1In Thung Sai Yart, yearly fluctuation is small to be less than 1.0 m.
(b) Simultaneous observation
It was carried out at 33 shallow wells, on September 22 - 23 in 1989
in Nong Khon Kaen and at 6 deep wells and 32 shallow wells on September
18 in 1989 in Thung Sai Yart. Results are shown in Table B-2-1.

{2) Water quality

In the water quality, as the turbidity and iron concentrations are
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interrelated, it is possible to remove precipitates by aeration or

chlorination.

Related to the'value of SAR to examine'irrigatioh water, higher
value more than 10 was recorded at six wells in Thung Sai Yart. Some of
them are in the very high zone. Therefore, it may be undesirable as
irrigation water. Groundwater should be tested égain to insure its

applicability, in case of groundwater use for irrigation purpose.

(3) Groundwater use
{a) Current situation of the existing wells

Questionnair survey was carried out at 55 to 32% of the whole wells
to grasp the current situation, in Nong Khon Kaen. In Thung Sai Yart, it
was conducted at whole wells. An example of the results are shown in
Tables B-2-3 to B~-2-5.

(b} Grounduwater use

Nong Khon Kaen

Result reveals that 47 of the 51 wells investigated are used for
irrigation and utilization rate is 92.2% (47/51). Driving day of well is
calculated based on the survey, as follous.

Dry season: Accumulated 3235.5 days — 3235.5/47 wells= 68.8U days
Wet season: Accumulated 1508.5 days - 1508.5/47 wells= 32,10 days
Total 100.94 days

Pumping discharge is about 18-20 m®/hr, based on the measurement by
using buckets and interview. Daily pumping discharge is calculated as
followus.

(18 ~ 20 m¥/hr ) X 18 hr/day = 350 m®/day
Annual pumping discharge is estimated as followuws.

Dry season: 164 wells> 0.92 X 68 days* 350 m*/day = 3.6 MCH
Wet season: 168 wellsX 0.92 X 32 daysX 350 m¥/day = 1.7 MCM

Total 5.3 MNCM
Aside from the above, another examination has been also carried out
from viewpoint of water reguirement based on the current cropping pattern.
As a result of study from both aspects, ahnual pumping discharge is
assumed at around 6.0 MCH (Details are described in Appendix B-3}.
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Thung Sai Yart

According to the gestionnair, average drinking water supply is

estimated at %24# /day/person.
(¢) Fall of groundwater level

It was shown by survey that construction of jet wella were launched
in 1967 angd at that time, suction pumps were installed on the ground
surface, but, in their history, pumping positions were getting lower and
Vlower below the ground surface, because falling of groundwater level makes
it difficult to continue pumping at the same position with time, as shown

in Figure B-2-12.

At present, the position is located at arocund 8.5 m below surface.
On the other hand, screen of well has not improved for that falling
period. This situation shows that the position was transferred at lower
point to keep static suction head to be about 8 to 10 m, as water level

was falling.

Pumping position tends to be lower at the rate of 0.4 to 2.0 m per
year since around 1979 when construction of well was prevailing. And,
its rate is assumed at 1.0 m per year. The interrelation between depth of
pumnping position and falling of groundwater level is deemed to be on the
same trend. Therefore, water level is falling at the rate of around 1.0 m
in a year, if the pumping is continued under the same conditien as the

present.
B-2-4 Hydrogeology
{1) Bydrogeoclogy in the study areas

Nong Khon Kaen

Based on the JT-1, aquifer condition is considered as fcllows.
- Alluvial formations
Depth 5 - 16 m : Fine to coarse sand including some gravels and
clayey sand
# 21 - 28 m : Fine to coarse sand including some gravels

# 30 - 34t m : Fine to medium sand including some gravels
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-~ Diluvial formations :
Depth U8 - 56 m : Sand with gravels
# B8 - T3 m ” :
# more than 75 m : Sand with gravels

The 1at aquifer of alluvial formations presently supports _
groundwater table of 9-12 m with ndn—pressure. Water'in the deeper
aquifera is pressure water, if clay layers are continuocus enoﬁgh. Prasent
shallow well takes water from st and 2nd aquifer with depth of 16 to 30

m.

Water in the diluvial formations is under pressure. Present deep
wells for drinking water takes in water from diluvial aguifer at more than
50 m in depih.

Thung Sai Yart

Based on test wells, conditions are as follows.

- JT-2 well
Depth 6 - T m : Sand _
# 33 - 40 m : Sand with clay and gravéls
- JT-3 well _
DepTh 16 - 21 m : Sand and gravel with clay
” 22 - 37T m : Sand with dlay and gravels

These deposits are almost level. But, their continuity is poor.
Clayey sand and sand with clay especially tend to undergo lateral changes
like pinching out. Except for aquifer of 6 to 7 m in depth of JT-2, water
is in pressure. Intake depth is unknown at present. B&t, some of them

takes in water at 16-21m and 32-37 m below surface.

{2) Hydraulic constanta

A series of pumping tests was done by using test and observation

wells. Results of test wells are summarized in Table B-2-6.

(a) Pumping tests at existing wells

Nong Khon Kaen
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Of the existing 169 wells, 24 were put to pumping test. Screen
depth is 6 m in the alluvial sand aquifer with non-pressure water. The

radius of influence area was 460 m.

Thung Sai Yart

Existing shallow wells are open well with hole diameter of around
1.0 m. Under the condition of no any adjacent well, pumping test was
carried out to estimate the yield from bottom of well. As a result of
test; yield was variable at 100 to 00 £ /hr with residual water level.
A3 the test well was constructed 12 years ago, there are some deposits of
fine clay on the bottom. In case of new well, therefore, much yield than

the above test well may be expected.

Consideration

It is difficult to determine hydraulic constants, based on a few
pumping test carried out. Tables B-2-7 and B-2-8 and Figure B-2-14 show
the existing data on deep wells located around both areas and their
discharge and capacity calculated based on the collected data. Compared
with the both areas, Nong Khon Kaen is characterized by discharge and
specific capacity and its aquifer condition are more favorable than Thung

Sai Yart., Aquifer distribution is considered as follows.

( Nong Khon Kaen )

- alluvial and diluvial formaﬁions apread almost level, each
containing aquifer thicker the impermeable layers.

~ Aquifers in alluvial formations are more favorable than those in
diluvial

( Thung Sai Yart )

- Favorable aquifer are scare. Its distribution fluctuates relatively
widely
Hydraulic constants are summarized in Table B-2-9.

B-2-5 Groundwater Batance

Under a few study, it is difficult to grasp the condition of
groundwater balance in the both areas. But the following items were

studied on a trial basis for considering the recharge conditions.
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The macro water balance expression to estimate the amount of
recharge is ag follows, .
dh/dt = (Qd - Qr)/AZ
Where dh/dﬁ : falling rate of groundwater
A : Related area
S : Useful porosity
Qd : Groundwatér discharge
Qr : Groundwater recharge
Based on this equation, annual recharge is estimated at 20.8 to
28.8% of rainfall. But, these values are larger than the existing data.

Therefore, the following examination were conducted.

- Vertical recharge by rainfall

According to the Water Balance and Economic Appraisal of Groundwater
Development Project in Sukhothai Province, 1980, AIT, the conditions of

vertical recharge are as follows.

Methods of Average annual fecharge for basin
Computation Yom{mm) " _% of basin rainfall
Modified Penman bi.2 3.5
Pan Evaporation 119.3 10.2
Hargreaves 259.0 22.2

Note: % of basin rainfall={Recharge in the basin/Basin rainfall) x 100

It is deemed reasonable to expect the vertical recharge amounting to

around 10% of rainfall.

- Lateral inflow of groundwater

Lateral inflow is roughly calculated bazed on the cross-section in
Figure B-2-6 and groundwater level in Figure B-2-11.
Q=KxDx (dh/dl) x C = T x (dh/dl) x L
¥here Q@ : Groundwater flow
K : Permeability
D : Thickness of aquifer
KxD=T,; Trangmissivity
dh/dl : Hydraulic gradient
Q is estimated at 488,613 m/year.
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- Recharge from river

‘Existing data indicates small recharge and flow rate from Yom and
Nan river. Based on the analysis, it may be safe to estimate an yearly

recharge of more than 2.2 MCM.

As a result of the above consideration, recharge in alluvial aquifer
is assumed at 2.2 - k.7 MCM (169-362 mm} in a year, amounting to 13.4 -
28.8% of rainfall. Around 3 MCM (231 mm) is deemed reasonable, which
amounts to 18.4% of rainfall. Tt should be noted that the volume of
recharge to diluvial aquifer in the both areas is difficult to estimate
due to insufficient data. Recharge in Thung Sai Yart is calculated at 12
- 14% of rainfall,

B-2-6 Utilization of the existing shallow well

For the purpose of proper groundwater management in Nong Khon Kaen,
annual pumping discharge should not exceed 3 MCM as the estimated annual
recharge amount, observing the seasonal fluctuation of groundwater level.

There are two ways to control pumping discharge, which are,

(a) To limit the number of wells to be driven in the area.
(b) To equally control annual pumping discharge of all the existing

walls.

In the case of (a), while some wells are allowed to drive as they
are presently operated, the rest shall be closed in order to prevent the
falling of groundwater. In the case of (b}, amount of pumping discharge

of each wells shall be limited under severe monitoring activities.

{1) Interval of shallow well

In connection with the above (a), selected some wells are operated
in the same way as the present., Therefore, the number of well to be
driven is calculated based on the results of questionnaire survey as

follows.

Driving day Wet season i 68.84 days
Dry season ; 32.10 days
Total i 100.9UL days

Pumping discharge by a well; 18 - 20 m?/hr(about 5 - & l/sec)
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Driving time ; Average 18 hours in a day

Daily pumping discharge per well is oaloUlated as follows.
(18 - 20 m*/hr)X 18 hra = (324 - 360) m®/day = 350 m*/day

The number of well to be driven is calculated from annual
recharge of 3.0 MCM, as follows. '
3.0 MCH + 100.94 days + 350 m®/day = B85 wells

Considering the scale of area of 1,050 ha, coverage area per well
can be calculated;
1,050 ha + 85 wells = 12.4 ha

Therefore, intérval of well to be driven is estimated at around
350 m. This interval is a standard to avoid over-pumping. Actual well
operation shall be applied practically under the existing distribution '

condition, considering the following well managenent.

{2} Well management

To control the pumping discharge, it is unable to force only some
wells to decrease their pumping amount, due to private well. Under the
present condition, management should be conducted through the following

process,

@ Making of well inventory
Well inventory, such as location, depth, owner and present
operational conditioh is provided through survey.

@ Observation of groundwater level
Fluctuation of groundwater table is observed at some
representative wells in the area and observation records are
compared to each other for understanding the current bumping

condition.

@ Measurement of pumping discharge
Driving time of pump is recorded, since it will be difficult
to measure the discharge by well. Amount of discharge will

be assumed based on the driving records.
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@ Management of rotational operation

Rotational driving is effective to avoid falling of

groundwater table and interference by over-pumping. For

carrying out of rotational operation, however, rules for

driving wells

in area and time under appropriate interval

shall be defined through arrangement among farmers.

{3) Groundwater recharge

Artificial recharge
-~ Recharge by
~ Recharge by

Recharge by well is

aquifer and surface water
agquifer. In this method,
limited. Therefore, some

with sufficient recharge.

method is as follows.
surface application
vell

the way'that a well is newly constructed up to
is injected into the well to supply water to
amount of injection into the new well will be
wells will have to be constructed to provide

On the other hand, recharge by surface applicaticn ia the way that

surface water retained on the ground surface is infiltrated gradually

into the aquifef. In this method, new facilities is not neceassary. But.

surface water is impounded widely on the ground surface.

Compared with the both methods, surface application is more

economical and appropriate in farmer level. Farmer farming in and

surrounding area have to intend to impound in their field as much as

possible.
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Table B-2-1 RESULTS OF WATER LEVEL MEASUREMENT IN
NONG KHON KAEN and THUNG SAI YART AREAS

[Dry Season, 1 May, 1989}

Well} Date Water level Well elevation
No. M/D Below G.L.| in elevation Remarks
{m) {m) (m)
° Nopg Khod Kaen
1| 571 9.969 32.435 42,404 4/24 8,959 32.445
2 1 4/27] 10.323 31.934 42.257
3| 5/4 12.38 30.12 42,500 4/27 11.76  30.74
4 | 5/1 10.146 32.212 42.358 4/27 10.136 32.222
5 | 5/4 10.703 32.308 43.011 4727 10.583 32.428
6 | 5/1 10.398 32.748 43.146 4/27 10.338 32.808
71542 10.228 31.969 42.197 4/28 10.368 31.829
8 | 5/2 11.540 30.825 43.365 4/28 11.590 30.775
9 | 5/2 12.025 30.035 42.060 4/28 11,585 30.475
10 | 5/2 11.122 31.025 42,147 4728 11.182 30.965
11 | 5/2 10.478 31.788 42.266 4728 10.498 31.768
12 | s/2 12.908 29.278 42,186 4/28 13,568 28.618
13 | 5/5 12.369 29.497 41.866 4/25 12.359 29.507
| 14 | 5/2 12.826 28.981 41,807 4/28 12,366 29.441
15 | 5/2 13.265 28.705 41,970 4/28 13.295 28.675
|16 | 5/2 13.321 27.917 41.238 4728 12,871 28.367
17 | 5/1 11.755 29.639 41.397 4727 11.895 29,499
18 | 5/1 11.027 30.266 41,293 4/27 11.027 30.266
19 ] 574 11.735 30.048 41.783 4/27 11.635 30.148
20 | s/15) 11.339 30.256 41.595 4/13 11.849 29.746
° Thyng Saij Yart
1| 5/3 12.806 47.283 60.089 4/26 12.816 47.273 |
2 15/3 15.853 39.702 55.555 4/26 15.863 139.692
3 | 573 11.295 47.006 58,301 4/26 11.315 46.981
4 | 573 6.307 49,762 56.069 4/26 6,267 49.802
5 | 5/3 7.195 49,192 56.387 4/26 7,205 49.182
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Table B-2-3 SUMMARY OF TIE EXISTING WELL SURVEY(I)

STUBY AREA: Nong Khon Kaen TUMBON: Ban Mai Suk Kasem AMPHER: Kong Krailat PROVINCE: Sukhothai

Ro.| Rell NoJ Type of Hell| pH |[Temp| Measur-| Ground|Elev. [Depth [Sampl-|HMeasur-j Well e
ing Eleva-|of of ing ing of
water tion Water |Hater Water | Hater inter Remark
Yevel Level | Level Level | view
all at Below for surveyl
once Ground Long

ey 0 o0 SUE§§CE Term

1] m Deep Well 17.46]31.3 % 42.60| 33.71] 8.89 | = * Hooith Tenter

2| m oo 7.49| 31 - t | i ror pomersl-

3] a1 Shallow Well - * 4217 33,34 8.83 *

4 | -2 " " - * 41.90| 30.99] 10.91 ®

5 | A-3 " A - *

6 | a4 " "o 16.47 [ 23.4 - *

7] a5 " B l6.52 | 30.2 * 42.70| 32.64| 10.06 *

8] A-6 " " - - *

9 | a7 " " - & 42,400 33.17] 9.73 *

10 | A-8 " " - * 41.70] 30.77] 10.93 *

11 | A-9 " " % 42.20| 32.53| 9.67 *

12 { A-10 " " - ®

13 | a-11 " n * 41.90| 30.10] 11.80 *

14 | A-12 " " ® 41.80 | 31.13| 10.867 *

15 | a-13 " no16.43]20.20 - *

16 | A-14 " n * 43201 32.44| 9.76

1? { A-15 " " -

18 | A-16 " " -

19| a-17 n " - *

20 | A-18 " " - *

21 | a-19 " " -

22 | a-20 " " -

23 | a-21 " " - *

24 | a-22 M " * 41.40| 30,59} 10.81 *

25 | A-23 " " - *

26 | a-24 " " - *

27 | 'A-25 " " - >

28 | A-26 " " 16,84 | 29.2 * 41.40] 27.07% 14.337 *

29 | a~27 " " - *

30 | a-28 " " - *

31 | A-29 " " - *

32 | a-30 u " 16.93|29.1 - #

33 | A-31 " " - *

34 | a-32 n " * 41.40 | 32,10 9.30 *

35 | a-33 v " * 41.40} 32,481 8.92 *

36 | A-34 " n - *

37 | A-35 " " - *

38 | A-36 " « 1¢.s1 |28.8] - * -

39 | A-37 " # 16.69|28.3 - * -

40 | a-38 " nol6.27 | 288 -~ -
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Table B-2.6 RESULTS OF PUMPING TEST IN TEST WELL
Dilling|Screen |Test Hax. Discharge [Static [Dynamic|Drav Specific fransmis~ [Straci-
Test weoll depth |depth |durationjdischiarge]in water [water [down|capacity [sivity vity Remarks
est we constant. [level [level .
rate test s S
“{m) {m) ) | m¥he) | (m/he) | (m) () ) {mhe/m}| (m2fein) | (=) - . )
. ; ; ; t dr
on Khon K 12zas 2 86+ . 9.960 17.54 |7.58] 11.35 | 3.0-8,0 [1.2-4.4 w s-de":n e
Roog khon Kaen| g4 2234 — x10° x93 2
JT-1 50-68 : . ; (2). continuous
§ - 42 2.63 15.97 constant rate tesy
2 10.5 - 13.40| 29.28 05.88  0.661] 3:3-7.5 |2.9-4.¢ |(1) Step drav
Thung 5ai Yart| g, 440 10-2 %105 _down_test -
JT-2 6 9.2 5 54 0.592 ; {2) Continucus -
- ! . . - : " {constant rate tesy
2 2 50 - 12.34] 32.34 £o.00] 2,50 | 8.5-10.1]1.0-1 4 t1) Step draw
Thung Sak Yartf .4 15-21 . xio-2 x10-3 down_test
113 31-37 6 _ 355 10,57 2:32 {2) Continuous
- constant rate test
* Maximum Capacity of pump utilized in pumping test.
Table B3-2-7 SUMMARY OF TIE EXISTING DEEP WELLS [Nong Khon Kaen)
Ho.| ®ell Area or Grid bDia~ |Depth Screen [Yield Water level Specific fforailjChlo=]Tetal |Remarks
Ho. Site Name |reference meler Depth Stacfc|Dinamic |Drav  |capacity [Ivon |ride [Hard- |-
Date -3 down o, ness
voar.H (o) | (m) {a) a?fhr) | (CL-z)} | (CL-a) {n} Hutthr.m)|ippa)
T R e (130) Sh.67-60.77
| sk 3 l;j‘;'_' l‘z;g;“’ 67.14 100 | 65.0 .y 1800 5.5 158 lodoml 1.75 [1.9 | B.5|106.0| 5.4
L7717
2|skT 5o [Pan Dang Yang ok [ers T lay| 220 | 5o e Jueo | 20 o7 [ se|
3[skr 5u [Pop et fhe AL wso | b w0 ] 0| a0 s 8.0 fo.es | sofnon|
wfseros g e e {57, 0 [M 0 [ 880 M1 eiay| 200 | 0] 2000 fis.o 133 Jo.05 [15.0f seof o
- Ban Mal Pho {154/754 (150) 73.0 |PI-0-BF.T%
S[sKT 12 Ty . 100 gy B0 80| 160 a0 3.0 lo.osf 80| so0f oo
) Ban Haisuk | 1337156 K150} G0-77-66.57
BlsKr Jagipn BAASUE 1 .1 T0e | 1100 (6.1)] 20| 3.1 2.7 | 4.6 JA.8 [0.27 ] 3.0 (1200 Lo
¢ %.54-50. ; :
R el e el e et e I R R I e .
Ban Prak K150} 5L 50-57.65 :
B|skT 176 Thong 83.11F "1e0 | 550 .05y 330 53 8.3 | 3.0 11.50 j0.23 | 4.0 |100,0
: Wat Hal Krai 150) ['s5.0 PL-B8-37.797 30,0 | 7.10[ 9.7 | 2.6 1.7 And” pump
% skt zoof "oy se.ul 100 16.11) . . .7 0,06 | 5.0 118.0
L - Tand
10 {sxT 202 Ban Pa Rang 6,12 15‘1’;0 58.0 5’-’9(;'7;2;‘ 60.0 | 12.30] 145 | 220 27,3 Jo.3 | oe.o| so.0 [ PP
11 |skT 206| ¥at Pa Rang U ST O 57-";:3623 60,0 | 13.00| 15.3¢ | 2.30 | 26.08 0.3 | 6.0l110;0 [N PERR
59] Ban Hong 150} Fa2, 35-68.40 znd puap
12 {s¥ 259f °00 T 7.3 | 100 | 580 6.05)] €00 | 9-50| 12,00 | 2.50 4 2400 1.7 | 2.0 9.0
13| $KT 263 Bzgrggna o1t (15%0 8.5 51-'-1;276’;;3 60.0 | 8.00] 10.00 | 2.00 | 30.00 [2.3 |10.0]104.0
14
SUMHMARY OF THE EXISTING DEEP WELLS [Thung Sef Yart]
Table B-2-8
Ho.| Well Ares or Grid Dia- |Depth Screen [Yield Wazer level Specific focal[Chlo~| Total {Rematks
No. Site Hace reference meter Depth Static|Dinamie [Draw |cspaciky [Tron [zide |Havd-
Date 1 down hess
(o) | (W) () fadno)ftei-a)(6l-0} | (@) Hadfhr.a)|(ppm)
Year.¥ M
! Wat W 7661897 Ld.16-24.10
Ll sKr g Mok e R .0 ! 100 | 283 6.0y} 80 | 8.709] 12.00 | 330 2.2 p.215|12.00| 98.00 | M2"d Pum
. 20-27.
z BKT 237 B::iwang Sea 86.6 160 | s0.00 1 u(é?ogg 3.0 | 14.00) 16.0 2.00 1.5 Iland puap
Wat Fong T
3| m 1eg Tor TONE E2 7 100 J131 1 2.5 f12.5 | 175 | 5 0.5 ha hoef 2
& * 1 184 Wat Hong Yao ? 100 |64 ? 3.5 |18 55 37 0.095 |1} 1 1
1
s |ug 183 :ﬁ::ﬂ: Yo ) 100 |92 7 2.5 {11 14.5 15| o |aafs 7
Wang Thong . 47 ? 9 7.5 20,0 12.5 0.72 ? ?
6 | uB 4238 Daeng Schoo 1 100 - i} ) ! F
7| v 186 Wat Sal Yap oo 126 H 1 23 110 81 - 0.011 | 0.56] 7 ? l[
3an Lao Rang g R
8 1 187 Ngan 100 3.5 T 2 14 18 4 ¢.5 3.80] 8 ?
9| 1 8 | Ban Samnak 100 40 ? 5.5 [12.5 25.0 12.5 0.54 H ? ?
10| me 4pg 30, To0e Won 100 |43 3 4 2.0 f17 oare| 1 |2 1 !
P13 Ban H 30-37
N e1ais24 861§ %0 |38 go | .2 | tas) ® d es |1 | ?
N Ban Ha Khun £2-18
12 is125/29 Kreas 6.1 | 100 |24 o) 2 ] ? ? 1 |7 ?
1 [s15/24 !
16| 25019 | B2n Samatak 6.3 | 100 |% 112 24 12 0.083[ 7 |2 ?
C OO .
15| 25012 7 85.2 wo |2 247 1.5 4.5 22.5 18 0.083| 2 ? ?



Table B-2-10

SUMMARY OF HYDRAULLC PARAMETERS

Aquifer in Nong Khon Kaen axea Aquifer in Thung Sai Yar
Alluvium Pleistocene
Items Pleistocene
<34m in depth | >34m in depth
Jr-1 Existing welll Existing welk JT-2 Jr-3 Exiéting data
10 m draw down| - 105 m3/hr - - 7.2 27 -
Discharge 1 _
(a3/be) 20 m draw down| 175 m3fhr - 13 50 -
Pumping test 21-86 - 18-65 2,5-10.5 12-50 1-9
Specific capacity (m3/hr/m)| 11.3-17.2 - 1.3-52.1 0.59-1.05] 2.28-3.76 0.08-2.42
1GEm e ee 3.3-7.5%10°2 [8.5-10,1
-8, - &, = L 3-7.5x 5
Transmissivity (m2 fmin) 3.6-8 Oxig 2.3-4 SXIT - 2 x10~2 -
[3.5x10-4) [3.0x10-1] {5.0x107¢] [9.0x10“2]_
- 2 - -4 "
Strativity (- 1.2-4. 410 3 6.6-8,2x10 2.9 6.6xig 1.0 ii?rﬂ _
(2.5x1077) {7.5x1073] [64.0x2077] | (1.2x1073]
S Thickness of aquifer is more Aquifer is poorly found and has
eanrks than that of aquiclude. lateral change of its lithology.
[ ] reasonable value inferred
Table B-2-9 AVERAGE ANNUAL GROUNDWATER RECHARGE
Average Annual Groundwater Recharge
From Infiltration Rate Using Corey's Howsayd Through- Specific Accept-
Investig- Humphrey Flow Yield able This Study
Penman  FPan Hargreaves 140 ation & Sons Method Method Value
Method Evapor- Method Days (Zone 11} (Zone I}
ation Flooding
Method
Recharge 129.1  174.4 173.3 132.7 300-400 109.0 150.0 80.0 100.0 169-362
()
% of 11 14 14 11 25-33 9 13 7 B 13.4-28.8
Rainfall
Annual rainfall - Swankhalok - 1,200 mm Source: AIT (1980} Nong Khon Kaen
1,259 mm

Annueal rainfall:
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LOCATION MAP OF WELLS IN NONG KHON KAEN AREA

Figure B-2-10
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Appendix B-3 IRRIGATION AND DRAINAGE
B-3-1 Present Conditicn
{1) Water Resources Facilities

Nong Khon Kaen

In the existing canal, many small temporary dikes with 0.5 to 1.0 m
in height were constructed across the canal to store excess water, so that

the discharge area of cahal is smaller as streams run dowun.

Run-off condition of these canals has been changed due to small
acale irrigation projects and swamp inland fishery:projects constructed in
the upstream basin. Namely, timing of run-off is delayed and amount of
discharge available for irrigation is likely to be limited exdept from
September to November in wet season, az a resull of water use in their

projects. Developed projects are shown in Figure B-3-1 and Table B-3-1,
There are two swamps with 0.5 to 1.0 m of depth and one pond
constructed by DLD. Pond is not useful at present due to lack of

~ collecting canals. Present condition is shown in Table B-3-2.

Thung Sai Yart

Collected data and information shows that moderate run-off pattern
takes place in from September to October and no water flows in February
to March in dry season. In the canal, many small dikes constructed by
farmer with height of 0.5 to 1.0 m exist across the canal to retain

irrigation water as much as possible.

There is a weir crossing the Wang Tong canal, which has been
constructed by Small Scale Irrigation Project of RID in 1988 to irrigate
service area of 500 rai. And, earthfill dike constructed by farmer is
also in downstream of the weir which has cépacity of about U490,000 cu.m
with dike height of about 3.0 m and is capable of retaining water even in

dry season.
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{2) Irrigation and Drainage Condition

Nong Khon kaen

Low-lying cultivated land of 35% of whole area is subject to
flooding/inundatidn. The extent and severity of flooding is dependent on
many factors. In west low-lying paddy area, inflow of excess water from
upstream paddy field and insufficient.capacity of canals sometimes cause
inundation. And, in east low-lying area, insufficient drainage capacity
of Ban Mai canal and backwater from Yom river obstructs appropriate

drainage flow.

Severity is assumed that'the average depth of inundation is from 0.4
to 0.6m for a duration of one month, dependihg on downstream drainage
capacity of Ban Mai canal.and Yom river, as a result of interviews to
Farmer. Extent and inundation depth is shown in Figure B-3-2. Remainder

is not subject to any significant flooding.

Ban Mai canal joins to Yom river at 10 km downstream of the study
area, at where field elevation is from 37 m to 40 m. 1In 3 km of Ban Mai

canal, RID has dredging plan with completion year of 1990,
Canal, pond, awamp, culverts under the road exist in the study area,
as a facilities with both functiona of irrigation and drainage. Those

facilities are shown in Table B-3-3 and Figure B-3-3,

Thung Sai Yart

Agricultural land adjacent to the secondary road route 1113 is
liable to severe flooding. It is difficult to estimate the average
situvation of damaged area and its severity in a normal year. But, for
planning purpose, it is assumed from interviews to farmer that 23% of
agricultural land is subject to flooding and its average depth of
inundation is from 1.0 to 1.5 m for a duration of 7 days, as shown in
Figure B-3-4. In the interviews to farmer, it was reported that most of
farm land had not experienced severe flooding excepting partial

inundation, before construction of neighboring secondary road.
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There are 33 of pipe culvert from 600 to 1,200 mm and 3 of bridge
under the road as shown in Figure B-3-5. Natural drainage is possible
judging from ground slope of 1/700 to 1/1000 in the drainage basin.
Insufficient drainage capacity, therefore, is considered to be cne of

factors caused inundation in the area.

Four streams joins to Yom river at 12 km down of secondary road, at
where field elevation is average 48.0 m. 8ince lowest field elevation in
the study area is 55.0 m, it is considered to be no influence of backwater

from Yom river.

There are canals, pond, weir and pipe culverts with both functions
of irrigation and drainage, as shown in Figure B-3-6., Many of ponds are
located along the canal to take water easily, but, are not equipped with
inflow and outflow facilities. Borrow pits are also utilized as a
irrigation facility. Location and capacity of those facilities have been

investigated as shown in Table B-3-2.
(3) On-farm facilities

Nong Khon Kaen

Cadastral map shows that the number of farm plot is 532 and a width
of allocated plot is mostlj in a range of 30 to 200 m and 200 to 600 m in
short and long sides, respectively, and its average size is 12 rai. Farm
ploté along the canals are allocated as its short side is close to that

canal, in order that all plots possible are accessible to storage water.

A farm plot is actually divided into some farming fields by border,
depending on farming practices of each farmer. But, mosat of farm plots
hardly equipped with access road and irrigation/drainage canala. Those
physical constrains has prevented each farmer to improve daily farming

practices.

Thung Sai Yart

Cadastral map shous that the number of farm plot is 2,106 and a
width of allocated plot is mostly in a range of 30 to 100 m and 200 to
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1,000 m in short and long sides.énd_its average size is 15 rai. Farm
plots more than 25 rai exists in the aréa. Moat of farm plots are
allocated'élong the exiéting canal, and on-farm condition is almost same

as the Nong Khon kaen.
B-3-2  Water Resources Development Plan
(1) Annual Pumping Discharge by the Existing Wells in Nong Khon Kaen
(a) Estimation by current utilization condition

In this area, there are two deep wells for drinking water and 169
shallow wells for wet and dry paddies irrigation. In the 169 wells, 164
wells are used at present. In the 51 of the 164 wells, ocurrent
utilization conditions were studied by questionnaire. Resultz are

summarized as foliows.

- U7 of the 51 wells investigated are used at present for irrigation.
Utilization ratio is (47/51 % 100 = 92%).

i

Priving days is as follows.
Dry season: Total is 3235.5 days in the U7 wells

3235.5 days / U7 wells = 68.8l days per one well.
Wet season: Total is 1508.5 days in the 47 wells

1508.5 days /IHTVHellS = 32.10 days per one well.

- Pumping capacity is from 18 - 20 m®/hr ( about 5 - 6 l/sec ).

Driving time is assumed at 18 hours in a day.

Pumping'discharge is calculated -as follows :
(18 - 20 m*/hr) x 18 hr = (324 - 360)m®/day = 350m?®/day.

I

Annual pumping discharge is estimated as follows :

Dry season: 164 wells x 0.92 x 68 days x 350m*/day = 3.6 MCY
Wet season: 164 wells x 0.92 x 32 days x 350m3/day = 1.7 MCH
Total = 5,3 MCH
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{b) Estimation based on water requirement

Water requirement for rice crop varies due to method of cultivation.

However, average water requirement from land preparation to harvest is ;

from 9,000 to.io,OOO_m3 per ha {1,800 - 1,600m®/rai) in wet paddy
from 10,000 to 13,000 m® per ha (1,600 - 2,000m®/rai) in dry paddy

In dry season, most of irrigation water is supplied by wells. But,
in wet season the existing wells are used as a supplementary supply

facility. Pumping discharge in each season is aasumed as follows.

Dry season : Irrigation area - 490 ha
Water requirement: 11,500m®/ha x #90 ha = 5.6 MCH
Pumping discharge: In geheral; water requirement more than 80% is
from groundwater due to limited storage water in
the canal and swamp. Therefore, pumping discharge
is assumed as follows : 5.6 MCH x 0.9 = 5.0 MCM

- Wet seasgon : Irrigation area - 1,050 ha
Pumping discharge: Pumping is dependent on uncertain rainfall and
run-off. But, it is estimated to be 1.5 to 1.8
MCM based on water balance study, assuming that
rainfall and run-off are used effectively.

Annual pumping discharge is estimated at { 5.0 + 1.7 = 6.7 MCH ).

Based on the above (a) and {b), annual pumping discharge is assumed

at average 6.0 MCM.
{2) Storage Capacity

It will be impossible to construct large-scale storage facility with
full operation throughout the year. Storage facilities, therefore, is
conaisted of improved swamps, canals and newly constructed ponds. Scale
of storage ponds is planned based on excess run-off available and future
way of farming practices. Related to the future irrigation system,

utilization method of storage water in the pond has to be considered as
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follows.

Plan-(a): Irrigation water is lifted by:farmer's portéble pump from dual
purpose canal leading té the pond into each farm without ahy
control. In this case, effective depth of pond is limited at
around 2.0 m due to limited available depth of canal.

Plan-{b): Irrigation water is supplied by dooperative pump installed at
pond and irrigation purpose canal. Supply is controlled by
the pump operation. In this case, effective depth of pond is

capable of pumping at around 4.0 m.

In the plan-{(b), appropriate water management has to be cérried out
by beneficial farmer for fair water distribution by common use pump. In
this study, therefore, this plan is applied in development model-3
because it is attended with higher improvement level of physical condition

and intensive farming practices. Plan-{a} is applied in model-1 and 2.

Storage capacity by model is planned as shown in Table B-3-1,
Detailed capacity of model-2 is planned as shown in Table B—3—5'and
Eigure B-3-7.

(3) Irrigable area in Thung Sai Yart

In wet season, agricultural land will be divided into two of rain-
fed and irrigation areas, even if irrigation facilities are provided fully,
because run-off available is limited at the initial stage of paddy

planting from June to August.

Irrigation area is dependent on amount of rainfall, run-off and
available volume of storage pond and canal at that period. Scale of area,
therefore, has been examined based on the relation among them, as shown
in Figure B-3-8.

- Maximum irrigable area is around 3,000 ha in a normal year, with around
5.2 MCM of available storage volume. Even if any storage facilities
with more than 5.2 MCM are constructed, irrigable area is unable to
extend due to limited run-off and rainfall at the beginning of wet

season.

- And, the less is available storage volume, the less is irrigable area,
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- In case of no atorage pond, irrigable area is assumed at around 1,000 to
1,500 ha, on the assumption that feeder canal is provided fully in the
field.

5,000 1
P00 \aricasLe  amea IRRIGABLE AREA IS ODEPENDENT ON IRRIGABLE AREA IS NOT EXTENDED
. BY FUL{. FEEDER AVAILABLE STORAGE VOLUME DUE TO UNSUFFICIEMT RUN-OFF ,
o 4qopod CANAL FROM MAW 3 NO RELATION TO STORAGE CAPACITY
= STREAN 3
ﬁ 3000 IRRIGABLE AREA e
& | :
P
W 20004
m
<J
2
& 1000 2
1 :
3 | 1 [} 1 I k 1

4] | 2 3 q 5 6 7
AVAILABLE STORAGE VOLUME (MCM)

NOTE | IRRIGABLE  AREA 15 BASED ON THE ASSUMPTION THAT FEEDER CANAL IS
PROVIDED FULLY AND AVERAGE RAMFALL

Figure B-3-8 RELATION BETWEEN STORAGE CAPACITY AND TRRIGABLE AREA

B-3-3  Agricultural Infrastructure Developmenti Plan
(1) Alternative Development Hodels

Alternative models have been studied based on development components
and land classification as shown in Figures B-3-9. As a result of atudy,
layouts of each models are shown in Figures B-3-10 to B-3-12. and
quantity of construction facilities are shown in Table B-3-6. Based on
the layouts, gonatruction cost, impact to the surrounding agriculture and

capability of farming technique have been examined.

In each models, construction cost and 0/M cost are estimated as
shown in Table B-3-7. In the model-1 and 2, private shallow well and
portable pump is operated to supply water. In the model-3, cocperative
well and pump is operated instead of private ones, which is driven by
electric. Electric charge and operator recruited, therefore, will be

required.



{(?) Caleulation of Water Requirement
{a) Potential evapotranapiration

There are some methods for estimation of potential e
vapotranspiration. In this study, Penman method used generally in
Thailand'is'applied. As a necessary climatic information, data at
Phitsanulok observation station is used, due to no station in the study

areas. Estimated potential evapotranspiration is as followus.

Potential Evapotranspiration (mm/day)

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.
3.63 4.91 5,31 5.83 5.13 L.77 4,38 u4.05 4,27 4,16 4.02 3.48

(b) Consumptive use of crop
Consumptive use of crops could be estimated by multiplying potential
evapobranspiration by crop coefficient of orop growing stages. Crop

coefficient used in this study is summarized in Table B-3-8.

Table 5—3—8 SUMMARY OF CROP COEFFICIENTS

Stage Crop Coefficient

(10-days) (D (2) (3} (1) (5) (6) (7)
1 0.90 0.83 0.50 0.50 0.50 0.80 0.70
2 0.95 0.87 0.99-  0.50 0.50 0.80 0.70
3 1.06 0.93 0.99 0.70 .0.70 0.80 0.70
] 1.16 1.06 0.99 0.90 0.80 0.80 0.70
5 1.20 1.06 1.08 1.10 0.90 0.80 0.70 -
) 1.27 1.06 1.16 1.10 0.90 0.80 0.70
7 1.30 1.06 1.20 0.90 1.10 0.80  0.70
8 1.30 1.06 1.27 0.50 1.10 0.80 0.70
9 i.20 0.96 1.30 ~ 0.50 1.10 0.80 0.70
10 - 0.83 1.32 - 0.90 0.80 0.70
11 - 0.72 1.32 - 0.50 0.80 0.70
12 - - 1.24 - - 0.80 0.70
13 - - - - - 0.80 -
14 - - - - - 0.80 -

Note: (1) Wet season transplant, high yield
(2) Wet season transplant, local
{(3) Wet season broadcast, high yield
() Soybean, (5) Soybean, (6) Orchard, (7) Vegetables.
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{c¢) Field water requirement

Field water requirement is estimated based on percolation loss,
water requirement for land preparation and nursery bed and soil sampling

test for availability of residual moisture.
{d} Irrigation water requirement

Irrigation water requirement is calculated based on the field water

requirement, effective rainfall and irrigation efficiency.

The effective rainfall for paddy fields is assumed at the rate of 60
to 90¢ of monthly raiﬁfall, as follows.

-Rate of effective rainfall (k)
Jan. Peb. Mar. Apr. May June July Aug. Sep. Oct. Nov.
Dec.(k) 0.90 0.90 0.90 0.75 0.75 0.75 0.75 0.7% 0.65 0.80 0.90
0.90

The effective rainfall for upland crop is assumed at the rate of 65
to 85% of monthly rainfall, based on crop evapotranspiration and available

water retention capacity of 7% mm in soil.

Irrigation water requirement is calculated based on the above
conditions and field efficiency of 60% applied in this study. The results
are shown in Table B-3-9 and Figure B-3-13.

(3) Bstimation of unit drainage discharge
{a) Drainage in paddy field

In general, excess water flows in the paddy field as follows.

~ Paddy field is capable of retaining water with boundary border.

- Excess water retained is drained through notch outlet or overflow from
border.

- Paddy does not suffer from inundation damage in case that ponding depth
and its.duration are allowable which are considered to be 250 mm and
three days.

- Unit duration of severe continuous rainfall is from three to five days,
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judging from daily records of rainfall in tﬁe area.

Design drainage dischargé, theﬁéfore;'is defined that ﬁhree—days
continuous rainfall is drained in a duration of ﬁhrée—days, assuming that
initial pondiﬁg depth is 50 mm and after three days, it is 100 mm, and
consumptive use'and percclation are negligible. Return period of 10-years

is  applied in this study.

_Nong Khon Kaen

. 3-days continuous rainfall of 10-year return period = 188 mm
Design discharge (q) is ;
g = ( 188 - ( 100 - 50 ) }/3 days = 46 mn/day (5.32 1/sec/ha)
Thung Sai Yart

3-days continuous rainfall of 10-year return period = 172 mm

q= {172 - (100 - 50 ) )/3 days = Ut mm/day (L4.75 l/sec/ha)
{b) Drainage in upland field
In upland crop area, excess water should be drained without severe
inundation damage. Design discharge is projected as one-day rainfall is
drained in a duration of one-day. 1In this case, peak run-off coefficient

is assumed at 60% in case of cultivated flat area.

Nong Khon Kaen

One-day rainfall of 10-year return peried = 111 mm
q=( 111 x 0.6 )/ 1day =67 mm { 7.75 l/sec/ha )
Thung Sai Yart

One-day rainfall of 10-year return period = 112 mm
q=(112 x 0.6 ) / 1 day = 67T mm ( 7.75 1/sec/ha )

{3) Inland fishery
Inland fishery is capable of practicing fish cuitdre by using
improved storage ponds, as a side job of agriculture. Data and

information, such as type of fish expected in this region, reéring period

and stocking rate, were collected as shown in Table B-3—10.
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Table B-3-1 SHALL SCALE IRRIGATION PROJECTS BY RID RELATED TO STUDY AREA(I)

Name of Irrigation Consti. Comple-
 of Area Gonstruction Plan Cost -tion
Project No. (rai) Facility Scale (mil.Baht) Year
Huai Khrai (1> 3,000 Weir 1.=25m, 2,328 1982

H=2.5m
Huai Khao Makok (2) 1,500 Weir 1.=13m, 0.734 1985
H=1.5m
Khao Khwang (3 3,000 Weir L=15m, H=1.5m 1.483 1984
H=1.5m
Wang Hin @) 2,000  Dredging  W-30m, L=6km 1.134 1988
B=1.5m
Lan Ta Kia 5 500 Reservoir  W=dm, H=2m 0.684 1988
1=300m
Khiong Ta Pai (6 500 Dredging W=d0m, L-Zkm 8.279 1981
D=1.5m
Under-Construction
Na Kaw Bao-Nong (7} 500  Dredging  W-2m, L-300m 0.510 1989
Ngoen D=1.0m
Under-Planning
Khlong Wang ® 700 Dredging  W=12m, L-3km 0.817 1990
Al Hod D=3.0m
Khlong Lat ()] - Dredging  ¥=5m, L=1500m n.a. 1991
Him Dat B=3.0m
San Pa Him (10) 3,000 Weir L=25m, n.a. 1991
f1=2. 0m
Wang Sai Yoi (11} 1,800 Weir L.=25m, n.a 1991
H=2.0m

Note : No. showes the loéatioh of projects on the Figure B-3-1.

Khiong Lai Him Dat Project is for domestic use.
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Tablc B-3-4 STORAGE CAPACITY BY MODEL IN THUNG SAI YART

Unit : MCH
Current _Hodel-1 Model-2 Model-3

Facilities Full Eff.  Full BEff. Iyll Eff. Fuli Eff.

RID's weir 0.63 0.37 0.72 0.63 0.72 0.63 - 1.34 . 1.25
Farmer’s pond 0.49 0.29 0.63 0.33 0.63 0.33 0.76 (.65
Canal 1.02 0.60 1.00 . 0.80 1.60 0.80 1.00 0.80
Others 0.23 0.16 0.23 0.18 0.23 0.18 0.23 0.18
New pond - - - - 2.45 1.98 6.61 6.00
Total 2.31 1.42 2.58 1.94 5.03 3.92 9.94 | 8.88

Nole ; Puil is total capacity and Eff. is effective capacity for irrigation.

Farmer’s pond has both functions of irrigation and fishery in the model.

Table B-3-4 STORAGE CAPACITY BY MODEL IN NONG KHON KAEN
Unit ; 1000 cu.m

Corrent Model-1 Model-2  Model-3

Facilities Full Eff.  Full Eff. Full Eff. Full Eff,
Swamp- (1) 17 17 55 48 63 48 72 60
Swamp- (2) 26 26 174 132 174 i32. 220 165
DLB’s pond 145 - 145 104 145 104 145 130
Canals 240 144 276 221 276 221 276 221
New pond - - - . 318 208 45() 405
Total 428 187 650 505 942 713 1163 981

Note ; Fuil is total capacity and Bff. is effective capacity for irrigation.
Swamp- (2) has both functions of irrigation and fishery in the model,
Swamp- (1) is located near road [2 and swamp-(2) is close to Nei canal,
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Table B-3-10 DATA AND INFORMATION RELATED TO INLAND FISHERY

Size and Stocking rate for nursing to be Fingerling

Name Size _Expected Size Stocking rate
| (cm) (cm) (tail/m) (tail/rai)
Nile Tilapia 0.8-1 3-4 200 320,000
Commen Carp 0.8-1 3-4 200 320,000
Thai Carp 1 3-4 400-500 640, 0600-800, 000
Rohu 1 3-5 200 320,000
Chinese Carp 1 3-5 100-150 160, 000-240, 000

- Size and Stocking rate for Grow oui Stage

Name _ Size B Stocking rate
(cm) {tail/ni) (tail/rai)
Nile Tilapia 1-3 2 3,200
Common Carp 2-5 1 1,600
Thai Carp 3-5 2 3,200
Rohu 5-10 1 1,600
Chinese Carp 571 0.125 200

Type‘of feed and Expected Production

Name Type of feed Rearing period Expected production
{month} (kg/rai)
Nile Tiiapia - Manure 9 300 - 400
- Supplementary feed 6-8 600 - 800
- Manure and table 9-6 400 - 600
garbage '

Common Carp - Supplementary feed 12 600 - 800
Thai Carp - Manure 3 300 - 400
- Supplementary feed 8 600 - 800
Rohu - Manure 8-12 400 - 450

Chainese Carp - Manure 6 150
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Appendix B-4  SOCTAL INFRASTRUCTURE
B-4-1 Present Condition
{1) Number of farm household and population

The number of houséhold and population to be studied is based on the
statistieal data of NESDB. But, in the planning, they are limited to the
villages situated within the study areas. As a result of site survey and

study, they are defined as shown in Table B-U-1.

(2) Present condition

Present condition has been studied through the site survey.
locations of facilities are shown in Figures B-3-3 and B-3-6 in Appendix
B-3.

B-4-2 Rural Infrastructure Development Planning
(1) The number of household to be projected in the study
1) Rural water supply

Village and population'to.be covered by piped water supﬁly sysfem is
shown in Table B-U4-2. Deep well with handpump is provided in the
isolated and relatively remote villages in Thung Sai Yart, as shown in
Table B-4-3.

2) Rural electrification

The number of household to be supplied electricity is based on the
target in Sukhothai Province and present condition in the study areas.
As a result of study, it is preojected in each village as shown in Table B-
h-y,

3} Publie sanitation

In order to prevent leak of human waste and to clean living
environment, toilets with tanks are supplied in all households without
them, the number of which is estimated by each villages as shown in Table
B-4-5.
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(2) Facility Planning
1) Piped water supply system
(a) Design criteria

. Criteria and standard of PWA are applied basically in this study.
Target xear' '
Target is 2,000 year.

Increasing ratio of population

In the criteria, ratio is defined at 1.5% up to 1990 and 1.0% from
1990 to 1995. In this study, the value of 1.0% is applied.

Daily water consumption per capita

Aooofding to the criteria, it may.be-plahned at 50 led in rural area
under adequate operation by villager, though it is basically 90 led. -
Therefore, daily average is 50 lcd and maximum is 50 x 1.5 = 75 lecd.

Pumping hours
Average 10 hours and maximum is 15 hours.

Storage capaeity'of tank

Clear water tank : 70% of daily average supply
Elevated tank : 20% of daily average supply

{b) Amount of water supply

Ttems Nong Khon Kaen Thung Sai Yart(i) Thung Sai Yart(2)
Village - Wang Thong Daeng Sai Yart
Sam Nak Rao Rang Ngam

Present population 818 1,277 1,098
Population served 910 1,410 1,220
Water consumption (m?/day)

{1) Domestic 61 106 gz
{2) Publiec facility 6 11 10
{3) Daily maximum 67 ) 117 102
{#) Water leakage T 12 1M

{5) Daily max. amount T4 129 113

Note ; Population served = Present populationX (1 + 0.01)1°
{1 Population served x 0.075, (2} = assumed at 10% of (1},
{(3) = (1} + (2), (4) = assumed at 10% of (3),
{5) (3) + (4), Each distribution system is shown in Figure B-4-1.
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{0) Hater source facility

Design pumping discharge

In Thung Sai Yart, amount of pumping discharge from a deep well is
safely assumed atl around'io cu.m/h. Daily driving time of pump is
average 10 hours. Piped supply facility is standardized by DOH an the 5.0
cu.m basis. Design discharge, therefore, is planned at 10 cu.m/h.

Driving time is estimated in each piped systems, as follows.

Nong Khon Kaen 3 74 cu.m/day <+ 10 cu.m/hr = 7.4 hr

Thung Sai Yart{1); 129 cu.m/day + 10 cu.m/hr = 12.9 hr

Thung Sai Yart(2); 113 cu.m/day -+ 10 cu.m/hr = 11.3 hr
Deep well

Three piped systems is planned in this study. Depth of well is
designed based on the hydro-geological cross sections'assumed by core
boring. Diameter of casing pipe is 200 mm, considering that opening space
between inner diameter of casing pipe and outer diameter of turbine pump
is needed at more than U0 mm. Drilling diameter(R) is estimated by the
following equation.

R= 140 mm + (Diameter of casing pipe) = 140 + 200 = 340 -~ L0Omm
&OO mm is applied because inflow velocity through casing is possibly
controlled at low rate, if R is large possible. )

Pump for well

Turbine pump is selected as follows.

Specification Nong Khon Kaen Thung Sai Yark
Number of unit 1 2
Design discharge (m’/min} 0.17 0.17
Pumping head (m) 35 50
Bore{mm) . $ 50 ¢ 50
Output of motor(kﬁ) 2.2 3.7

(d} Treatment facilities

Sand filter

Lifted groundwater is treated with aeration and filtraticn. Aerator
with slope like cascade is located on the top of sand filter. As a
filtration method there is two types of rapid and slow sand filtraticns.
Compared with the two, slow sand filtration requires wide area for

facility and much labor requirement for treatment of filter beds.
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Therefore, it is not applied recently in Thailand as a simple treaﬁmenb
facility. On the other hand, rapid sand filtration, of which treatment
is done with faster velocity than that in slow type, and_Scale_df |
facility is more compact and economical. Standard designs is“also
prepared by DOH on a 5.0 m¥/hr basis. In this study, therefohe, rapid
type is adapted and its capacity is planned at 10.0 m3/hr.

Clear water tank

Capacity is desighed at around 70% of daily average kéter demand.
Capacity = 113 m® x 0.7 = 80 m? '

{e) Elevated tank

High service pump

Type : Single suction centrifugallpump
Design discharge : 10.0 m*/hr - 0.17 m®/min

Punping head : Elevated tank H.W.L - Clear tank L.W.L . Pipe loss
= 17.0 - {(-3.0) + 2.0=22.0n
Bore r ¢ 50

Output of motor : 2.2 kw
Elevated tank

Height of tank : H.W.L = G.L + 17.0m , L.W.L = G.L + 15.0 M
Capacity : 113 m/day X 0.2 X 1/ 1.5 = 15 n?
Structure : Concrete type standardized by DOH

2) Public well
{a) Daily maximum water supply
Population served 12% x daily average 20 led x 1.5 = 3.75 m®/day
{b) Diameter of drilling well{R)

R = 140 + Diameter of casing pipe 150 = 290 mm

R is designed at 350 mm, considering in keeping stable aquifer.

3) Rural community facility
{a) Scale of meeting hall

It is estimated based on the following items
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-~ Population served : Same as the number of farm household

- Area to be served : Around 1.0w per one farm household
- The number of farm : Average of four village
household { 153 + 142 + 94 + 107 ) / 4 = 124
- Area required 124 X 1.0nd = 1284f
- Structure ¢ Wooden building, concrete floor 2t mX é m

{b) Scale of mulii-purpose hall

Nong-Khon Kaen

~ Lecture room : g6 m (8 X 12 )

- Library,ete 1 128 ol Total = 2240 nf
Thung Sai Yart

- Lecture room : ug «f {6 X 8)

- Library,ete : 128 o Total = 176 ol

{3) Reconstruction of test well

In the study, three test wells with 300 mm of casing pipe have been
constructed to grasp the present conditions of groundwater and to observe
water level. After completion of the study, these wells will be available
as a production well for irrigation or domestic use. In any case,
lifting pump has to be installed at the top of well, at where groundwater
level observabion equipment is set at present. As a results of the
following considération, it is advisable to use them as a domestic use

well.

- Three wells have been constructed in the village area.

- Therefore, in case of irrigation use, many feeder canals from well to
field have to be provided for water distribution.

- Villages adjacent to the wells have no domestic water supply system.

- Domestic use is appropriate for urgent need.
As a water supply facility, handpump and rapid sand filtration are

planned as shown in Figure B-4-2. And, approximate reconstruction cost
of one well is estimated at 46,000 baht, as shown in Table B-4-6.
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Table B-4-1 HOUSEHOLD AND POPULATION IN THE STUDY AREA

Area | Mo Name of Village | | Household _ Popul.ati.on
1| Bang Crob | 30 135
2 |Mai Suk Kasem | 83 470
® | 8 |Mai Suk Kasen | 51 $21
4 | Na Taew 78 897
5 | Mai Phothong 42 -2
Total 2684 1,528
1 Wang' Thong Daeng 153 138
2 | Sai Yart ' 142 617
4 | Rao Rang Ngam 94 _ 481
T | Sam Nak 107 239
3 | Lan Doo 22 106
® Sub total 518 2,481
I 25 125
Il 15 15
1 10 20
v 32 160
\ 9 _ 45
Sub total : a9 455
Total 609 2,936

Note; Area @ — Nong Khon Kaen
firea @ — Thung Sai Yart
ItoV — Isolated Village
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Table B-4-6 RECONSTRUCTION COST OF EXISTING TEST WELL

Unit Amount
L Description Quantity  Unit _ ocost(baht) (baht)
1. Materials
-~ Hand pump 1 set 8,000 8,000
- PVC pipe ¢ 1.25 0.20 m §] 8
- PYC pipe ¢ 1.0 3.00 o 32 96
- Joint pipe ¢ 1.25- ¢ 1.0 1 piece 10 10
- PVC bend pipe ¢ 1.0 3 # 10 30
- PYC pipe screen ¢ 1.0 1.40 m 38 53
-Wood 2 X 6 X 0.6m 2 piece 60 120
- Bolt ¢0.5 X 0.10 m b " 50 200
- Concrete pipe# 1.0 m X 0.40 m 3 ” nz0 1,260
- Qutlet ¢ 0.75 1 set 50 50
- Sand 0.40 m? 230 92
-~ Charcoal 0.16 " 250 uo
- Gravel 0.24 ” 230 55
- Reinforced concrete 0.43 ” 3,665 1,576
- Brick 6 X3 X2 150 nos 1 150
- Cylinder ¢ 70mm 1 set 10,000 10,000
- Galvanized steel pipe ¢ 2.0 20 m 8l 1,680
Sub-total ‘ 23,420
2. Labours
- Foreman 30 man-day 160 4,800
- Skilled worker 45 # 150 6,750
- Common labour 90 # 75 . 6,750
Sub-ftotail 18,300
3. Miscellaneous {1 + 2)X 0.1 I,280
Grand total 6,000

Note: Cost for removal of the existing gauge is ineluded in

Transportation cost is included in Material.
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Figure B-4-1 SUPPLY QUANTITY AND ITS DISTRIBUTION
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Appendix B-5 DESIGN AND COST ESTIMATE
B-5-1 Flow Capacity of Dual-purpose Canal

Flow capacity of dual-purpose canal iz calculate

Manning formula.

- Manning formula

d on the basis of

g =A ¥ Yy =-— RZT/3 y 117F
n
where @ : _Discharge {m3/s)
A 2 Flow area {(m?)
V : Velocity {m/s)
n : Coefficient of roughness n = 0.030
R : Hydraulic radius (m) R = A/P
P : Wetted perimeter (m)
I : Hydraulic gradient I=1/3,000
V= t/0.030 x 0.901277 x {1/3,000}'7% = 0.57 n/s
g = 6,000 m? x 0.57 m/s = 3,42 mi/s
A= 6,000 m?
P =6,657 m
R =0.901 m

e
I 1.0 ml

B-5-2 Design of Overflow Weir

(1) Design overflow discharge

Design overflow discharge is equal to the canal

canal improvement construction.

flow discharge after

Weir Overflow

Type Discharge Applied Canal
I 42.8 m*/s Sra Ket, Sai Yart
11 18.3 W.T. Daeng, Mae Luk Onn
111 17.1 Noi
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(2) Qualification

Height (H) and top length (B) of weir are determined, following the

below qualification.

- Storage rate is obtained more than 50%.

Storage volume at height ‘of weir (H)

Storage rate = :
Storage volume at full depth (d = 2.0 m)

- Water depth (H1) behind the weir, which is calculated eritical
depth on top of weir plus height of weir, is to be less than the
full depth (d = 2.0 n) of canal.

{3) Critical depth on top of weir

The critical depth of trapezoid section canal is calculated with the

below formula.

31 + 2 m he/B 0
he = -
g2

1+ m he/B - B?
where he: Critical depth {m)}
@ : Discharge (m¥/s)
B : Length on top of weir (m)
m : Side slope m =2
g Gravity velocity g = 9.8 m/s?

(L) Height and top length of weir

Height (H)} and top length (B) of weir, which is satisfied with the

above qualification, is determined as follows;

Type Q he B H “Remarks
md/a m m m Storage rate
1 k2.8 0.75 20 1.25 56%
I 18. 0.5% Tl 1.45 ‘ 61%
m 17.1 0.48 16 1.50 70%
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CALCULATION OF CANAL FLOW CAPACITY

Flow capacity of canal section after construction is calculated with

Manning formula.

1
Q=A -V y =-— R2/ IV
o n
Note: Hydraulie gradient is equal to the gradient of canal.

Canal Grouping

Deseription Symbol Unit Typel Typell Typell

Bottom width of canal B m 10.0 3.0 10.0
Water depth d mn 2.0 2.0 2.0
Coefficient of roughness n - 0.030 0.030 0.030
flow area A m? 28.0 14,0 28.0
Hydraulic radius R m 1.478 1.172  1.478
Hydraulic gradient 1 - 1/800 1/800 1/800
Velocity v m/s 1.53 1.31 0.61
Q md/s 42.8 18.3 17.1

Discharge

B-5-3 Division of Construction Area and Cost
(1) Division of construction area

Nong Khon Kaen area is divided into three construction areé, and the
construction term of each area is as follows, according to the

implementation schedule.

Construction Area Construction Period
N-1 from 3rd year to #ih year
N-2 ) Uth -do- 5th
N~-3 5th -do-  6th

Thung Sai Yart area is divided into four construction area, and the
construction term of each area is as follows, according to the

implementation schedule.

Construction Area Construction Period
T-1 from 3rd year to Hth year
T-2 Uth -do- 5th
T-3 5th -do- 6th
T-4 6th -do- Tth

{2} Construction cost of each area

The construction cost of each construction area was estimated as

shown at the latter table.
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