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CHAPTER 2. HYDROLOGY
2.1 Hydrological Survey
Table 2.1.1 Historical Rainfall Data at Vientiane in Lao P.D.R
Max1r.rllum el Maxn.rllum Sl
No|  Date Daily Rainfall |No|  Date Daily Rainfall
Rainfall (s - Rainfall e/ )
(mm/day) (mm/day)
1 | 1951.10.23 73.2 1816.3 | 31 | 1981.7.20 181.0 1921.8
2 [ 1952.9.18 130.0 1876.8 | 32 | 1982.8.10 133.2 1641.5
3 [ 1953.9.6 101.4 1749.1 | 33 | 1983.9.10 114.4 1304.3
4 | 1954.8.15 106.7 1530.5 | 34 | 1984.8.18 73.9 1635.7
5 | 1955.7.30 132.9 1566.1 | 35 | 1985.9.12 82.2 1253.5
6 | 1956.8.27 101.3 2004.1 | 36 | 1986.8.25 119.7 1747.3
7 | 1957.7.5 85.0 1458.8 | 37 | 1987.6.1 162.0 1676.9
8 | 1958.6.26 89.3 11999 | 38 | 1988.5.14 162.2 1608.4
9 [ 1959.9.2 138.7 1986.2 | 39 | 1989.9.6 90.5 1506.8
10 | 1960.9.28 106.1 1593.7 | 40 | 1990.9.14 102.5 1497.6
11 | 1961.8.21 121.2 2065.6 | 41 | 1991.9.3 184.8 1514.0
12 | 1962.5.18 100.2 1696.0 | 42 | 1992.6.4 151.5 2016.5
13 | 1963.6.3 106.6 1328.4 | 43 | 1993.8.5 87.6 1116.6
14 | 1964.9.6 91.1 1857.8 | 44 | 1994.6.9 77.6 1911.9
15 | 1965.9.14 112.0 1920.6 | 45 | 1995.8.29 134.6 2019.8
16 | 1966.8.13 110.5 1659.5 | 46 | 1996.7.11 123.5 1696.7
17 | 1967.9.20 137.3 1544.0 | 47 | 1997.7.15 85.5 1599.3
18 | 1968.7.23 93.1 1495.8 | 48 | 1998.8.31 110.0 1467.0
19 | 1969.7.11 134.8 1446.2 | 49 | 1999.5.5 161.6 2192.2
20 | 1970.8.17 116.3 2047.2 | 50 | 2000.6.17 145.9 1499.8
21 | 1971.5.6 84.7 1407.6 | 51 | 2001.5.29 80.5 1659.0
22 | 1972.4.12 75.9 1521.6 | 52 | 2002.6.26 94.2 1846.7
23 | 1973.5.28 96.2 1531.9 | 53 | 2003.6.3 64.0 1475.0
24 | 1974.8.16 133.5 1329.1 | 54 | 2004.8.7 104.0 1629.6
25 | 1975.6.19 94.0 2006.2 | 55 | 2005.8.21 82.9 1667.8
26 | 1976.8.26 224.2 1614.9 | 56 | 2006.10.9 160.1 1930.3
27 | 1977.6.19 95.4 1142.0 | 57 | 2007.8.24 98.0 1467.6
28 | 1978.9.16 82.7 1980.7 | 58 | 2008.3.20 74.8 2201.6
29 | 1979.5.24 81.2 1301.1 | 59 | 2009.4.25 127.4 1482.9
30 | 1980.7.24 86.8 2290.3
Average 112.1 1663.7

Source: Metrological and Hydrological Year Book published by MRC
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Table 2.1.2 Historical Rainfall Data at Nong Khai in Thailand

Maxu.rllum Yearly Maxnpum Yearly
No Date D.al Y Rainfall No Date D.ally Rainfall
Rainfall (i Ves) Rainfall s
(mm/day) (mm/day)

1 |1952.9.18 467.0 2085.1 | 31 | 1982.8.15 103.3 1761.5
2 | 1953.5.12 110.2 1626.0 | 32 | 1983.9.6 79.7 1469.5
3 [ 1954.6.11 132.1 1675.2 | 33 | 1984.8.14 87.6 1781.1
4 | 1955.8.7 95.2 1349.9 | 34 | 1985.7.11 86.9 1322.6
5 11956.9.10 68.2 1669.6 | 35 | 1986.8.25 137.6 2056.2
6 | 1957.8.19 106.5 1468.8 | 36 | 1987.6.8 140.3 1359.0
7 | 1958.5.2 73.1 1106.2 | 37 | 1988.5.27 78.5 1378.0
8 [ 1959.9.10 192.3 1975.2 | 38 | 1989.9.23 77.1 1322.5
9 11960.9.8 176.4 1745.8 | 39 | 1990.6.3 54.1 1565.9
10 | 1961.8.21 141.5 1661.8 | 40 | 1991.6.5 514 1093.9
11 | 1962.9.22 91.6 1911.1 | 41 | 1992.7.9 117.7 1425.6
12 | 1963.4.7 122.1 1600.4 | 42 | 1993.5.20 69.2 1122.9
13 | 1964.6.20 71.4 1686.3 | 43 | 1994.6.9 104.9 2004.2
14 | 1965.5.16 88.4 1322.6 | 44 | 1995.7.31 120.8 1591.2
15 | 1966.8.16 88.8 1625.5 | 45 | 1996.6.16 60.5 1372.4
16 | 1967.9.20 316.6 1625.8 | 46 | 1997.6.16 113.4 1711.2
17 | 1968.6.10 85.0 1519.7 | 47 | 1998.6.5 75.7 1177.5
18 | 1969.7.11 151.0 1793.6 | 48 | 1999.5.5 82.4 2054.7
19 | 1970.6.20 103.8 2163.7 | 49 | 2000.7.11 64.6 1541.9
20 | 1971.5.25 124.2 1809.1 | 50 | 2001.8.13 82.1 1753.6
21 | 1972.6.5 91.8 1405.5 | 51 | 2002.8.18 130.2 1860.7
22 |1 1973.9.18 74.0 1266.6 | 52 | 2003.5.29 120.5 1684.8
23 1 1974.7.21 140.0 1429.6 | 53 | 2004.7.20 138.3 1621.1
24 | 1975.8.28 136.9 2119.3 | 54 | 2005.9.18 90.4 1747.2
251 1976.6.2 71.2 1484.4 | 55 | 2006.7.30 71.0 1073.9
26 | 1977.8.22 103.8 1150.0 | 56 | 2007.6.28 109.2 1453.1
27 |1 1978.8.8 111.0 1814.3 | 57 | 2008.8.19 81.7 1885.2
28 | 1979.5.24 80.3 1176.5 | 58 | 2009.8.23 75.3 1609.3
29 | 1980.5.8 73.9 1968.3

30 | 1981.7.6 75.2 1719.9

Average 109.8 1599.2
Source: Metrological and Hydrological Year Book published by MRC
CTI Engineering International Co., Ltd. 173
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Table 2.1.3 Historical Evaporation Data at Vientiane
Maximum .. .
Daily Minimum Dally Yearly_
No Date g Date Evaporation Evaporation
Evaporation
() (mm) (mm)
1 N/A N/A N/A N/A N/A
2 1961.5.10 12.0 1961.10.2 1.0 1,808.0
3 N/A N/A N/A N/A N/A
4 1963.4.27 13.0 1963.12.8 0.1 1,556.5
5 1964.12.1 0.0 1964.12.1 0.0
6 1965.7.2 13.0 1965.5.24 0.5 2,135.7
7 1966.3.25 10.6 1966.10.5 0.6 2,015.0
8 1967.6.16 13.0 1967.9.6 0.1 1,790.0
9 1968.6.3 15.2 1968.3.8 0.1 1,620.2
10 1969.7.7 10.8 1969.5.26 0.6 1,643.9
11 1970.10.17 14.0 1970.6.19 0.4 1,820.1
12 1971.4.24 19.0 1971.7.25 0.7 1,720.1
13 1972.5.11 13.8 1972.8.24 0.2 1,963.1
14 1973.4.16 12.0 1973.8.20 0.4 1,718.8
15 1974.5.15 9.0 1974.9.27 0.2 1,530.4
16 1975.4.26 9.0 1975.8.20 0.4 1,324.2
17 N/A N/A N/A N/A N/A
18 1977.8.10 8.0 1977.8.16 0.2 1,505.8
19 1978.7.5 8.0 1978.8.7 0.2 1,434.2
20 1979.4.4 9.5 1979.8.9 0.4 1,510.6
21 N/A N/A N/A N/A N/A
22 1981.3.18 6.1 1981.7.6 0.3 1,004.5
23 N/A N/A N/A N/A N/A
24 N/A N/A N/A N/A N/A
25 1984.4.10 7.2 1984.9.3 0.7 1,303.4
26 1985.4.12 7.0 1985.6.29 1.0 1,364.7
27 1986.3.27 7.3 1986.7.21 0.2 944.5
28 1987.5.27 8.5 1987.8.31 0.1 1,764.0
29 1988.5.25 9.5 1988.3.6 0.5 1,792.9
30 1989.7.16 8.5 1989.7.6 0.4 1,695.7
31 1990.4.10 8.5 1990.6.27 0.4 1,695.6
32 1991.4.19 8.6 1991.8.18 0.4 1,713.4
33 1992.11.9 10.0 1992.8.1 0.1 1,679.7
34 1993.3.2 10.0 1993.8.16 0.2 1,789.5
35 1994.5.16 10.8 1994.12.3 0.1 1,684.0
36 1995.4.15 10.0 1995.8.13 0.2 1,937.4
37 1996.7.8 9.5 1996.8.12 0.3 1,831.4
38 1997.6.4 10.0 1997.9.27 0.2 1,802.6
39 1998.5.2 9.8 1998.7.3 0.9 1,817.7
40 1999.4.1 8.0 1999.9.17 1.0 1,705.0
41 2000.11.15 9.0 2000.9.2 1.0 1,869.0
42 2001.6.19 10.0 2001.7.21 1.0 1,967.0
43 2002.5.6 10.0 2002.9.4 1.0 1,891.0
44 2003.5.4 10.0 2003.8.21 1.0 2,154.0
45 2004.4.30 10.0 2004.9.8 1.0 1,967.0
46 2005.4.9 11.0 2005.7.22 1.0 2,006.1
47 2006.5.13 11.0 2006.4.29 0.6 1,950.0
48 2007.7.12 11.0 2007.12.1 0.6 1,957.0
49 2008.2.26 10.2 2008.11.1 0.8 1,811.9
50 2009.6.14 10.0 2009.7.12 0.4 1,682.1
Average 10.0 0.5 1,718.1
Maximum 19.0 1.0 2,154.0
Minimum 0.0 0.0 944.5

Source: Metrological and Hydrological Year Book published by MRC
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Table 2.1.4 Historical Temperature Data at Vientiane

Maximum Minimum Yearly Average

No Date Temperature Date Temperature (degrec)

(degree) (degree)
1|1971.5.10 31.3 [ 1971.1.5 16.1 25.3
21 1972.5.1 31.3 | 1972.1.15 16.6 26.0
3 (1973.4.12 32.7 | 1973.12.31 14.8 26.1
411974.7.11 30.5 | 1974.1.2 13.8 25.6
511975.4.29 33.2 | 1975.12.30 12.5 26.0
6 | 1976.4.16 30.9 | 1976.1.1 16.3 25.6
7| 1977.6.9 32.6 [ 1977.1.4 18.0 26.0
8 [ 1978.4.6 31.2 | 1978.12.16 18.2 25.9
9(1979.4.8 31.7 | 1979.2.1 18.3 26.4
10 | 1980.4.24 33.6 | 1980.12.24 19.6 26.8
11| 1981.4.7 32.2 | 1981.12.20 16.6 26.1
12 | 1982.5.12 3241 1982.12.21 15.9 26.2
13 | 1983.4.16 33.7 | 1983.1.22 14.0 26.0
14 | 1984.4.6 32.2 | 1984.1.9 16.5 25.9
15| 1985.4.13 32.8 | 1985.12.24 17.0 26.0
16 | 1986.4.11 31.4 | 1986.3.2 13.7 26.0
17 | 1987.5.21 31.9 | 1987.12.8 16.2 26.4
18 | 1988.4.22 33.4 | 1988.2.19 17.3 26.2
19 | 1989.4.22 32.6 | 1989.3.8 17.6 26.1
20 | 1990.4.24 32.2 | 1990.12.2 17.4 26.4
21| 1991.4.18 32.9 [ 1991.12.29 15.8 26.7
22 | 1992.5.10 34.4 | 1992.12.25 15.7 26.2
231 1993.5.3 32.8 | 1993.1.29 16.4 26.2
241 1994.5.3 32.5 | 1994.3.24 18.7 26.4
251 1995.4.23 33.5 | 1995.12.30 16.5 26.5
26 | 1996.7.9 30.8 | 1996.2.21 14.5 26.1
271 1997.5.7 33.0 | 1997.1.11 18.4 26.4
28 | 1998.5.2 33.1 | 1998.2.5 19.4 27.4
29 | 1999.4.2 31.9 | 1999.12.24 12.9 26.0
30 | 2000.4.4 31.4 | 2000.3.1 16.4 26.0
31 | 2001.4.22 32.9 | 2001.12.24 18.2 26.5
32 | 2002.4.21 31.7 | 2002.3.7 18.7 26.5
33 | 2003.5.7 33.6 | 2003.12.21 18.3 27.0
34 | 2004.5.1 31.9 | 2004.2.6 15.9 26.6
35| 2005.4.11 32.7 | 2005.1.1 17.1 273
36 | 2006.3.26 31.6 | 2006.12.23 17.8 27.2
37 | 2007.4.24 33.8 | 2007.1.30 18.5 27.2
38 | 2008.4.12 31.5 | 2008.2.3 16.7 26.3
39 | 2009.4.17 32.5 | 2009.1.11 16.5 27.2
Average 324 16.6 26.3
Maximum 344 19.6 27.4
Minimum 30.5 12.5 253
Source: Metrological and Hydrological Year Book published by MRC
CTI Engineering International Co., Ltd. 175
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Table 2.1.5 Land Use Condition (2000)
(unit: m%)
5Lk Build up Water Cultivated Natural Rice
chment Marsh Forest . Park . Total
No. area Body Land Field Field
1 2,294,839 251,223 1,974 71,457 2,426,663 33,018 1,461,826 6,541,000
2 1,073,084 124,397 24,701 233 145,071 137,788 8,410,294 9,915,570
3 2,899,818 203,151 26,329 275,693 1,666,714 857,454 23,580 6,585,494 | 12,538,233
4 1,128,411 93,299 140,010 150 138,789 118,522 5,141 1,036,771 2,661,093
5 396,750 8,312 21,504 3,651 430,217
6 1,514,034 106,495 45,048 431,652 2,097,229
7 762,731 122,114 59,643 147,136 1,091,623
8 1,099,787 48,658 40,676 1,337,125 2,526,246
9 889,458 23,464 23,343 652,627 1,588,892
10 3,600,290 765,846 8,225 384,303 345,751 7 799,737 5,904,157
11 391,059 23,520 22,167 122,902 11,766 78,489 649,904
12 671,458 7,887 12 679,357
13 96,123 3,612 99,736
14 1,044,152 81,023 545 127,070 1,252,789
15 197,057 11,414 23 21,818 230,312
16 499,669 9,135 9,887 27,793 73,264 619,748
17 259,180 10,200 13,120 26,205 95,098 403,802
18 2,529,249 78,634 29,244 57,098 7,686 422,851 3,124,761
19 245,798 3,401 12,269 9 34,227 295,791
20 329,886 11,693 22,826 1,633 176,257 542,294
21 2,044,125 11,654 22,558 14,246 2,092,582
22 856,208 14,726 23,069 894,003
23 555,999 14,752 79,948 5,829 656,528
24 1,021,638 37,159 2,632 3,391 9,335 1,074,156
25 334,136 47,183 381,319
26 587,914 22,660 11,425 622,000
27 417,787 16,631 25,091 31,911 26,026 517,445
28 696,596 13,153 7,049 45,873 762,670
29 1,400,477 37,229 30,116 203,990 1,671,811
30 140,134 4,477 760 145,371
31 429,316 24,014 28,025 481,355
32 157,417 8,150 59 4,239 169,866
33 32,285 13,505 8,767 80,325 134,882
34 861,746 29,142 10,720 66,237 967,845
35 3,531,087 77,565 15,345 96,491 1,582,344 5,302,833
36 2,788,973 169,276 1,277 313,902 146,039 2,174,198 5,593,665
37 642,913 68,311 43,082 1,340,134 1,424,451 89,315 2,696,363 6,304,570
38 2,880,232 401,458 471,565 4,576,603 1,485,980 42,458 8,851,814 | 18,710,111
39 500,632 28,239 538,559 96,895 46,224 1,210,549
40 1,104,721 536,016 50,209 18,523 383,307 10,131 5,351,774 7,454,682
41 1,581,127 64,137 17,039 15,409 1,520 1,207,997 2,887,229
42 2,638,595 162,111 27,703 32,609 950,847 618,407 45,417 2,318,724 6,794,413
43 286,367 5,204 7,135 365,681 664,388
44 1,357,967 41,303 16,383 22,355 145,677 20,600 1,782,639 3,386,924
45 1,232,442 36,287 1,006 48,328 241,353 1,559,417
46 1,298,202 98,845 7,491 220,955 1,625,492
47 2,768,515 198,220 15,036 274,834 30,117 1,864,847 5,151,570
48 797,352 82,722 236 303,513 190,646 1,203,714 2,578,183
49 4,879,946 547,425 18,218 50,919 484,966 927,287 20,437 8,529,568 | 15,458,767
50 1,625,868 303,139 6,441 79,887 5,717,224 483,377 10,634,065 | 18,850,002
51 1,074,943 118,472 20,054 16,973 374,320 188,558 437,596 2,230,916
52 519,450 52,150 23,604 47,491 4,447,605 88,722 55,882 9,661,924 | 14,896,829
53 2,195,589 221,233 87,162 86,319 6,576,081 2,550,618 231,564 | 14,288,424 | 26,236,991
54 2,995,944 371,849 6,773 408,884 | 10,572,267 3,589,576 11,566,571 | 29,511,862
55 349,253 376,581 197,656 80,836 3,554,147 453,982 3,114,417 8,126,871
56 271,560 102,066 102,556 635,224 8,617,827 197,913 5,622,797 | 15,549,943
57 491,837 57,403 989,629 88,787 | 19,436,184 1,311,369 12,228,653 | 34,603,861
58 5,084,468 613,318 395,543 1,400,842 | 34,321,961 2,221,951 2,842 | 37,025,611 | 81,075,537
59 652,260 183,503 620,734 982,905 | 23,845,361 1,217,584 9,883,631 | 37,385,978
Total 75,008,854 7,198,749 2,895,315 4,758,923 | 128,709,901 | 22,506,817 619,547 | 175,218,067 | 416,916,173

Source: Geography Bureau in Lao PDR and CA Study Team
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Table 2.1.6 Specification on Sub-catchment Area
Sub-Catchm i) Area ii) River Length W o
ent Num zkmz) : (km) i D) Wi

1 6.541 3.020 2.166 0.462

2 9.901 4.251 2.329 0.429

3 12.537 3.253 3.854 0.259

4 2.661 2.861 0.930 1.075

5 0.430 0.560 0.768 1.302

6 2.097 1.886 1.112 0.899

7 1.092 0.733 1.490 0.671

8 2.501 1.643 1.522 0.657

9 1.589 1.108 1.434 0.697

10 5.900 3.607 1.636 0.611

11 0.650 1.094 0.594 1.683

12 0.672 0.902 0.745 1.342

13 0.099 0.231 0.429 2.333

14 1.239 1.348 0.919 1.088

15 0.225 0.590 0.381 2.622

16 0.620 0.825 0.752 1.331

17 0.404 0.924 0.437 2.287

18 3.089 1.358 2.275 0.440

19 0.296 0.820 0.361 2.770

20 0.542 1.901 0.285 3.507

21 2.088 1.789 1.167 0.857

22 0.886 0.804 1.102 0.907

23 0.653 0.852 0.766 1.305

24 1.059 1.764 0.600 1.666

25 0.365 0.924 0.395 2.532

26 0.622 0.924 0.673 1.486

27 0.517 0.486 1.064 0.940

28 0.763 0.533 1.432 0.699

29 1.662 1.844 0.901 1.110

30 0.145 0.440 0.330 3.034

31 0.480 0.936 0.513 1.950

32 0.170 0.533 0.319 3.135

33 0.128 0.724 0.177 5.656

34 0.967 1.325 0.730 1.370

35 5.302 5.590 0.948 1.054

36 5.593 4.919 1.137 0.879

37 6.304 4.224 1.492 0.670

38 18.707 4.623 4.047 0.247

39 1.211 2.544 0.476 2.101

40 7.449 3.444 2.163 0.462

41 2.876 2.017 1.426 0.701

42 6.778 4.252 1.594 0.627

43 0.664 0.732 0.907 1.102

44 3.387 2.162 1.567 0.638

45 1.559 0.809 1.927 0.519

46 1.625 1.840 0.883 1.132

47 5.147 2.769 1.859 0.538

48 2.578 0.439 5.872 0.170

49 15.458 4.854 3.185 0.314

50 18.849 5.526 3411 0.293

51 2.231 2.989 0.746 1.340

52 14.896 6.882 2.164 0.462

53 26.233 5.778 4.540 0.220

54 27.630 7.966 3.468 0.288

55 8.127 5.330 1.525 0.656

56 15.549 2.749 5.656 0.177

57 34.602 17.309 1.999 0.500

58 79.169 19.701 4.019 0.249

59 37.075 18.376 2.018 0.496

Source: JICA Study Team
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Table 2.1.7 The Result of Runoff Analysis (1/2)

Table - Runoff Analysis with Rational Formula (near future condition) +Considering as inflow
Sub-catchment Numberl 1 | 2 [ 3 | 4 | 5 | 6 [ 7 | 8 | 9 | 10 | 11 [ 12 | 13-14 | 15 | 16 [ 17
1. General
River Name - Nam Pasak Hong Wattay Hﬁ‘:ﬁ\“ )H(‘::f Hong Pasak Hong Xeng
Catchment Area km’ 532| 990 1254| 266) 201] 210 113 246| 159| s90| 065 067]| 134] 023] o062] o040| 1.56] 131
Inflow Arca km® - - 3.73 - - - 0.47 - - 116 - 0.17 - - - - - -
Main River Length km 302 425 020 286 265| 189] o000| 164 ri1| 000| 109] o090| 158) 059| 08| 092]| - -
| Average River Velocity m's 0.21 0.21 0.23 025 019 023 - 019 014 - 016 012 017] 021 0.21 0.21 - -
Tributary Length km R B 305 - R B 098 - R 361 - . R R j . . R
Average River Velocity m's R B 004] - R B 017 - R 003] - - - R - - - R
Average River Wide km 176 233| 385] 093] o076| var| 16| 150| 143 164] 059| 05| 085 038] 075 o044] - -
2. Land Use
1|Dense Urban_(1999) 030] o011 016 0.08 028] 019] o16| 009] 029] 006] 019] 027] 0.03] 010] 0.03
1|Dense Urban _(1.3f5LC%) 039 014| 020] o011 197] 035 025 021] 012] 037] 008 024] 035| 004 03] 004] 123]| 098
2|Sparse Urban 001 001] 001| 0003 0004| o001| oor| o001 001] 002] 0002| 002| 002| 0002 0000400004 001]| 000
3 |Field 252| 025 163 025] 002 007| o016] 005] 002 1.05] 013| 000 004 002 003 003) 005| 003
4Paddy field k'’ 145| 838| 654| 1.04)| 0004| 043| 045| 134| 065| 080| 008| 000| 013| 000| 007| 010| 024| 022
5|Mountain Area 000 001] 1is| oo o000| o000| o000| o000 000 017] 000| 000| o000| 000 000| 000 000] 000
6| Water Body 016 015 023| 023 oo01| o008| 003| 004 003 028] 005| o0o01| o004f o01| 002] 002] 004| 007
7|Others 078 096] 278| 1.02] 000| 11s| o0ss| o082 075 321 031] o41| o076] 015 037] 022] 000| 000
Total 532] 990 1254| 266[ 201] 210 113 246| 159| so0| o065 067] 134] 023] o062] o040[ 1.56] 131
3. Accumulate Data
Land Use
Dense Urban 039] 052 083 197| 232| 025| 278 290| 037 297| 024| 059| o062| 373 377| s00| 597| 597
Sparse Urban 001] 002 003| 000| 002] oo01| 003 o004 o002] 004] 002] 004 004 009] 009] 009| o0.i0| o010
Field 252| 277 465 002 009 o016] 030 032] 105 045] 000 004 006 055] 057 062] 066] 0.66
Paddy field n? 145|  9.83 17.41 0.00] 044] 0.5 1.92 2.57 0.80| 2.65 0.00] 013 0.13 285 295 3.19| 341 3.41
Forest 0.00] o001 117] 000| o000| o000 o000| o000| o0.17] o000| 000| 000 o000] o000| 000| o000| 000] 0.00
Water Body 016] 031 078 001] 009] 003| o016 o018 028 024] 001] 005 006 032 034] 038] 045| 045
Others 078] 175 555] 000| 1as| oss| 251 327] 321 357| 041| 1a6| 1.32| 526| 547| 547 547| 547
Total 532 1522 3042] 201 410 113 769 928 590 993 067 201 224] 1279] 13.19] 1475] 1606] 16.06
Runoff Coefficient 0.636 | 0.665 0653 | 0.896] 0.757| 0.632] 0703 0.689| 0581 | 0683 | 0.652] 0.641| 0635| 0672] 0670 0.690] 0.703| 0.703
Flood Concentration Time (Manual for River Works in Japan) R B | - R R Is 23 9
Flood Concentration Time (Kerby formula) 2 2| - - - 2 2
Design River Velocity (mainstream) min 09 09 0.9 09 09 09 09 09 09 09 09 0.9 09 09 09 0.9 09 09
Design River Velocity (tributary) 0.9 0.9 0.9
Flood Flow Time (mainstream) 56 79 4 53 49 35 0 30 21 0 20 17 29 1 15 17 0 [
Flood Flow Time (tributary) - - 60| - - - B3| - - %0 - - - - | -
Flood C ion Time (Each River Basin) [ ssl w[ o] s3] ao] 5] s3] o] o[ o] a0 2] 2] u| us| ] [ [
Flood C Time [ 56l ws[ o[ o[ ao[ sl s3] na| 15| o] 15| 26| 55| es] 170 iss| iss| iss| s
Rainfall Intensity
12 492| 299| 359| 233| 22| 400| 60.7] 332| 298| 385| 27.1| 656| 49.6| 455| 253| 236 23.6
s 699| 42.1| s07| 328| 742| Se6| 864| 470| 42.1| s45| 382| 935| 705] 45| 357| 333 333
1/10 mmhr | 837] 500 60.5| 39.0| 889] 67.6| 1038 560 50.1| 65.0| 45s5| 1125| s44| 772 425| 396 39.6
120 968 | 577| 69.7] 448| 1029| 780] 1205 45| 57.7| 750| 523| 1308| 97.7| 92| 488 454 454
1/50 140| 673] 817 s22| 1214 916| 1426) 754| 674] s880| e10| 1s5.1] 1150] 1049] S69| 530 53.0
LBO1L LB02 LB03 SP1 LB04 LB06 LB07 SP3 LB8 LB09 LB09
Peak Discharge 1 2 3 4 5 6 7 8 9 10 1 12 | 1314 15 16 17 45 46
12 462 841| 806| 1285 261| 345| 120| 499| 529| 366] 835 80 178] 180] 98] 903 106.4
/s 657] 1184] 113.9] 1808 37.0| 488| 171 70.6] 748| 519 1044| 14| 253[ 255| 117.6] 1141 136.8
1/10 m's 78.6] 1409| 1359| 2150| 444| 583| 206| 42| 90| e1.8| 82| 137 302| 305| 1338 1296 156.6
120 909| 1622] 1565| 247.0| 514| 673] 239 969| 102.5| 71.4| 1310] 159] 350| 352| 1489| 1438 174.8
1/50 107.1] 1892] 1835] 2878 60.6] 790| 283| 1133| 1197 837| 1474| 189 412| 414| 1682| 1625 198.6
Discharge Rate
12 8.7 5.5 64 42| 130 84| 106 65 5.7 6.2 84| 119 8.8 8.0 7.3 638 6.6
s 124 7.8 9.1 5ol 18s| 119|151 92 8.1 88| 105 170] 126] 114 92 86 8.5
1/10 mshkn’| 148 93] 108 7a| 20| 42| 82| 109 96 105 19| 204]| 150| 136] 105 98 9.7
120 170 107] 125 81| 256] 64| 212] 126 10| 121| 132] 237 74| 157] 16| 109 10.9
1/50 20.1] 124] 146 95| 302] 193] 250] 147] 129| 42| 148] 281| 205 185) 132] 123 124
Peak Discharge (Final) LBO1L LB02 LB03 SP1 LB04 LB06 LB07 SP3 LBY LB09
12 29 84 81 129 17 35 7 50 53 37 83 5 16 18 88 90 95
s 41 us| 4l 81 24 49 10 71 75 s2| 104 8 23 26| 111 114 123
1/10 m's 49| 141 136|215 28 58 12 84 89 62 118 9 27 31 126 130 141
120 57| 62| 157|247 33 67 14 97 103 71 131 11 32 35| 139 144 157
1/50 66| 189] 184 288 39 79 17] 13 120 84| 147 12 37 41 158 162 179

I concentration time is less than 60 minutes and rainfall intensity during flood time is over-estimated, discharge is calculated
with the discharge rate at downstream.

|:| If rainfall intensity is under-estimated due to long concentration time and calculated discharge at downstream becomes lower
than at upstream, discharge at upstream is calculated with discharge rate at downstream.

180 CTI Engineering International Co., Ltd.
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Table 2.1.8

Table - Runoff Analysis with Rational Formula (near future condition)

The Result of Runoff Analysis (2/2)

Sub-catchment Numberl 18 | 19 | 20 21 | 2 | 23 | | 24 [ 25 | 26 | 27 | 28 | 29 [ 30 | 31 | 32 | 33
1. General
Hong Kail Hong Hong Hong
River Name - Keo Hong Xeng Thong Hong Khouakhao Hong Ke Ouay |Hong Ke| Phone Hong Ke
Louav Thonh
Catchment Area km” 3.09] 056] 0s54f 209 089| 065 106) 037] 062| 052) 076| 166| 015| 048] 017| 013
Inflow Area km® - - - - 0.19 - - - - - - 0.19
Main River Length km 000| o8] 190] o000] o080] 0.00 176 092] 092| 049) 053] 000| 044| 000| 053] 072
Average River Velocity m's - 023 0.18 - 0.28 - 0.28 0.07 0.07[ 0.07[ 0.07 - 0.08 - 0.10] 004
Tributary Length km 2.72 - - 1.79 - 0.85 - - - - - 1.84 - 0.94 - -
Average River Velocity m's R B B 03| - 0.09 B - - R - 016] - 026 - -
Average River Wide km 13] 068 029] 117]| 1io]| 077 060| 040| 067 106] 143] 09| 033] osi| 03] o018
2. Land Use
1|Dense Urban_(1999) 054 005 00s| 058] 009] 006 022 006| 0.15| 025 - 023 002| 006 0.03] 00002
1|Dense Urban _(1.3f5LC%) 070] 006] 007] 075] o012] 008 028 008 019] 013 019] 030] 003] 007] 004] 000
2|Sparse Urban 003 0001 0002] 007] 004] 002 003] 0004 001] 001 001]| 001] 0003] 0004] 000]| 0.00
3 |Field 0.10 [ 0.0001 | 0.002| 004] 002) 008 0.01 000 003| 003| 004| 003| 000]| 003]0.0001| 001
4Paddy field km? 042| 003| 018] 000] 000| o001 001 000 000] 003] 004 020] 0001] 000]| 0004 008
5|Mountain Area 000| 000] 000] 000] 000 0.00 000 000 000 000] 000 000 000 000 000]| 0.00
6|Water Body 008| 002] 003] o001] 003] o001 004 023] 001 001 002 004] 0004] 002]| o001] o0.01
7|Others 1.77 045 0.26 1.23 0.67 044 0.70 0.06 0.39 0.32 047 1.08 0.11 0.35 0.12 0.03
Total 3.00] 056] o0s54f 209 089] o065 106] 037] o062]| 052] o076] 166] 0as| 048] 017] 013
3. Accumulate Data
Land Use
Dense Urban 070 673] 679] 075| o012| o008 o020 o049| 131] 150| 163 181 030] 2.4 225| 225
Sparse Urban 003 o012] o013] 007) o004| o002] 007 o10| 017] o0a8] o0a8] 09| o001| 020 021 021
Field 010 075 075] 004] 002] 008 010 0.1 015 017] 020] 024] 003] 027 029 030
Paddy field - 042 387| 404] o000 o000f o001 001 002 002 002 004 009 020] 029 030] 038
Forest 000 000| o000] 000) 000|] o000 o000 000 000|] 000 000 000 000] 0.00 0.00| 0.00
Water Body 008 055 058] o001] 003 001 005 008 033 033 035] 036 004] 041 044 045
Others 177] 770| 796| 123 o067| o044 1a1| 181| 3.09| 348 379| 426 1.08| 545 593| 595
Total 3.09] 1971] 2025] 209) 089| o065 154] 260] 505] 567] 619 695 166] 876 941] 954
Runoff Coefficient 0626 0687 0685] 0655] 0575| 0578 | 0576 | 0594 | 0.625| 0.626| 0.626| 0.625| 0.602| 0.620| 0.572| 0.617| 0.617
Flood Concentration Time (Manual for River Works in Japan) R 9 9
Flood Goncentration Time (Kerby formula) 2 2 1
Design River Velocity (mainstream) min 09 09 09 0.9 09 09 09 0.9 09 0.9 09 09 09 0.9 0.9 09
Design River Velocity (tributary) 0.9 0.9 0.9 0.9 0.9
Flood Flow Time (mainstream) 0 15 35 0 15 0 33 17 17 9 10 0 8 0 10 13
Flood Flow Time (tributary) 50 B - 3] - 16 - - - - - 4] - 7] - -
Flood C ion Time_(Each River Basin) [ so] 1] s o 4 6] [ sl ] 7] o] o] s 8| [ 0] 13
Flood C Time [ ol o0 ass] 3 ] e [ s e 66 5] s e sm| 17| 9| e
Rainfall Intensity
12 ste| 23| 197] 60.6| 668| 73.6| 914| sas5| 4s56| 4s56| 427| 399| ssof 403| 722| 378| 349
15 733| 314| 277| 63| 953 1054 131a| 745| 647| 67| 05| ses| 782] s7u| 103.1| 35| 493
1/10 mm/hr 878 373 329| 103.7) 147| 1268] 1590| 93| 774 774| 723| 674| 938| 682| 1243| 639| 588
1120 1007 428] 378] 1204 1335] 1479] 1865| 1035| 894| 894| 835| 77.8| 1088| 787| 1449| 736| 677
1/50 198 499| 440| 1425] 1583] 1758| 2234| 1220| 1052] 1052] 98.1)| 913| 1284 924| 1722 863| 793
Sp6(LBI0OMpI(LBI1 LB12 Sp4(LA03 LAO1 _SpS(LA02 Sp7(LA04 Sp8(LAOS LAO6  vp2(LAO7 _LAO8
Peak Discharge 18 19 20 21 22 23 24 25 2 27 28 29 30 31 32 33
12 277 1162 1083| 230 9.4 77| 225 225 400| 450| 459| 482| 153| 608 55| 60| 571
15 394] 1504| 1390 328| 135 10| 323| 320| 567| 638| 65| 682] 217| sl 79| 863] 806
1/10 m's 472] 1726] 1592 394| 162| 133] 392| 383 679| 764| 778| 814] 26.1] 1029 95| 103.1] 962
1120 sa7| 1933 | 1781 457| 189| 155| 459| 444| 784 82| 98| 939| 02| 1187| 10| 1187) 1107
1/50 644 2200| 2020] 541 224| 184| 50| 23| 922 1038| 1055] 1102] 357] 1394] 131| 1392] 1297
Discharge Rate
12 9.0 59 s3] 1of 106| 18] 146 8.7 79 79 74 69 9.2 69| 115 65 6.0
15 12.8 7.6 69| 157] 152 1e8| 210 123] 2| 2| 105 98| 131 98] 165 9.2 8.5
110 mshknr| 153 8.8 79| 189| 183| 204| 255 147| 134| 35| 126) 17| 157 n7| 198| 110|101
1120 17.7 98 88 219 213 237] 298] 17| iss| iss| 45| 135 182| 136] 229| 126] 116
1/50 208] 12| 00| 259) 253] 282| 357] 200 183] 183| 17.0] 158| 215 159] 273| 148] 136
59
Peak Discharge (Final) Sp6(LBI0OMpI(LBI1 _LB12 Sp4(LA03 LAO1 _SpS(LA02 Sp7(LA04 Sp8(LAOS LAO6  vIp2(LAO7 _LAOS
12 18 105 108 17 7 s 12 21 40 45 46 48 12 52 3 56 57
s 24| 135 139 23 10 7 17 29 57 64 65 68 16 74 4 80 81
1/10 ms 27 155 159 28 12 9 21 35 68 76 78 81 20 88 s 95 96
1120 30| 173 178 32 14 10 24 40 78 88 90 94 23 102 6 109 11
1/50 34| 197] 202 38 16 12 28 47 92 104 106 110 2 119 7 128 130

:If concentration time is

with the discharge rate at downstream.

s than 60 minutes and rainfall intensity during flood time is over-estimated, dis

harge is caleulated

|:| If rainfall intensity is under-estimated due to long concentration time and calculated discharge at downstream becomes lower
than at upstream, discharge at upstream is calculated with discharge rate at downstream.
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CHAPTER 3. DRAINAGE NETWORK
3.1 Drainage Channels
Table 3.1.1 Drainage Channels of Hong Xeng and Hong Ke Systems
Channel Stretch Organization Completion Project
Year
Hong Xeng System
Hong Xeng D/S 1.5 km VUDAA 2009
4.2km VUDAA 2006 VUISP "
Hong Kai Keo 1.3 km VUDAA VIUDP ?
Hong Pasak D/S 1.7 km VUDAA 2000 VIUDP
U/S 1.5 km MCTPC 1995 Rehabilitation of Sihom Area Project
Hong Wattay D/S 2.7 km VUDAA 2005 })rainage Systerp and T2 Road
mprovement Project
U/S 2.3 km VUDAA 2006 VUISP
Hong Ke System
Hong Ke 3.4km VUDAA 2001 VIUDP
Hong Phone Thanh 0.95 km VUDAA VIUDP
Hong Ouay Louay 1.8 km VUDAA VIUDP
Hong Khoua Khao 2.55km VUDAA 2001 VIUDP
Hong Thong 1.75 km VUDAA 2001 VIUDP

Note: 1) VUISP: Vientiane Urban Infrastructure and Service Project
2) VIUDP: Vientiane Integrated Urban Development Project
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Fig. 3.1.1 Drainage System in the Urban Area of Vientiane City
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Fig. 4.1.1 Stream Flow of Periodical Monitoring in February 2009
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Fig. 4.1.2

Stream Flow of Periodical Monitoring in March 2009
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Fig. 4.1.3 Stream Flow of Periodical Monitoring in June 2009
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Fig. 4.1.5 Stream Flow of Periodical Monitoring in December 2009
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CTI Engineering International Co., Ltd.

IDEA Consultants, Inc.

205




The Study on Improvement of

Data Book Water Environment in Vientiane City,
Final Report Lao People’s Democratic Republic
Sulfide Iron (Fe)
0.60 6.0
—&—Feb, 2009 —@— Mar, 2009 —Feb 2009 & Mar 2009
—&—Jun, 2009 —@— Nov, 2009 A —&—Jun 2009  —e— Nov, 2009
050 [ —% —Dec, 2009 -- 4 --Feb, 2010 50 —%—Dec, 2009 - - 4 - -Feb, 2010
—+—Jul, 2010 Nov, 2010 / \ —+— Jul, 2010 Nov, 2010 \
- / \ - ) A /\ / / \
%030 1 B30 b A [\
/A A i “ A
FN . : )
0.20 e 20 A— y(‘,,‘\‘
BN IV ‘\/?A
. ‘ / K
0.10 10 ‘\1“% A \
2. y\‘/ A
0.00 RS il 00 N L
— N M T IO © I~ 0 O — N M T 1O © - AN M ¥ O © I~ 0 OO — N MmM g 10O ©
[ o I o o O o o o o R o N N o R o T o O o o T o I o O o o s s o R
n n n n nnnnns === = = w0 NN nnnnnon===== =
Manganese (Mn) PO,P
12 1 30
—&—Feb, 2009 —&— Mar, 2009 —e—Feb, 2000 —@— Mar, 2009
—&— Jun, 2009 —@— Nov, 2009 * —&—Jun, 2009 —@— Nov, 2009
—%—Dec, 2009 - - # - -Feb, 2010 25 - - & - -Feb, 2010
—+—Jul, 2010 Nov, 2010 Nov, 2010

;

1/

freass

0 | K

SR

N

VY LAACAN |
AL )

Dec, 2009
\ —+—Jul, 2010

0.0
cagadge aagige
BB DB DD S sS=s=53s5s s
CODy, NH,-N
70 25
——Feb, 2000 —&— Mar, 2009 ——Feb, 2009 —&— Mar, 2009
6o | —A—Jun 2009 —@—nNov, 2009 | —&— Jun, 2009 —@— Nov, 2009
—*—Dec, 2009 - - 4 - -Feb, 2010 20 H —%— Dec, 2009 - - 4 - -Feb, 2010 *
—+—Jul, 2010 Nov, 2010 —+——Jul, 2010 Nov, 2010
50
A .
40
30 V%
NN ||
. /R IAW‘Av XN
VAV 4 ‘S’V\ S
10— N N
0 0

NV oD N DB DN R DN GV D DO
FIEF IS SSEEEEEE

Fig. 4.1.11

Water Quality of Periodical Monitoring (3/5)

206

CTI Engineering International Co., Ltd.
IDEA Consultants, Inc.




The Study on Improvement of
Water Environment in Vientiane City,
Lao People’s Democratic Republic

Data Book
Final Report

35

30

25

BOD;

—&— Jun, 2009 —@&— Nov, 2009
—— Dec, 2009 - - 4 - -Feb, 2010
Jul, 2010 Nov, 2010

S L P DL P PP \‘g\ g), @be \‘gu \§‘o @&

mg/|

0.9

0.8

NO,~N

—— Feb, 2009
—&— Mar, 2009
—&— Jun, 2009
—@— Nov, 2009
—*— Dec, 2009

- - 4 - -Feb, 2010
—+—Jul, 2010
Nov, 2010

ss NO;-N
200 ¥ 35
——Feb, 2009 —M— Mar, 2009 . Fob 2008
180 | —#&—Jun, 2009 —@— Nov, 2009 L & Mar 2009
—*—Dec, 2009 - - 4 - -Feb, 2010 /\ 30 a— Jun. 2009
160 | —+—Jul, 2010 Nov, 2010 ] £ & Nov, 2009
ix\ / 25 —%— Dec, 2009
140 : - - - -Feb, 2010
/\\\ //\\ —+—Jul, 2010 f\A
120 \\ // \\ 20 Nov, 2010
AN A \
15 »
A A
60 1.0
40
05
20
-
0 L L L L 0.0 9 A,
- N M ¥ IO © I~ 0 O — N M ¥ 1O © O © I~ 0 & — N » < 1 ©
o o o o o o s e e [a o B o E a O  E o B o o o Qo a o o
nhHhBh DD DD D DS S S S S S n NN Dh DB D DD NBHBD S S S S S S
Fig. 4.1.12 Water Quality of Periodical Monitoring (4/5)
CTI Engineering International Co., Ltd. 207

IDEA Consultants, Inc.



The Study on Improvement of

Data Book Water Environment in Vientiane City,
Final Report Lao People’s Democratic Republic
Total Coliform Fecal Coliform
1,000,000 1,000,000
—a&— Jun, 2009 —— Jun, 2009
100000 |} fAATATATATATAT, 100000 | ’ \.\/A
10,000 A 10,000 A
Y avii
8 8
< 1,000 T 1,000 ¥
=z =z
o o
= = v
100 100 {
10 10
— AN M T O ©O© I~ 0 D - N M T W0 © — AN O S IO O I~ 0 O — N M T IO O
[ o o R o O o o o R e e s [ o e o o o e o e o o e e N
DD DDDDDBNDNHDSSSSS S DD DD DDDHDNHDSSSSSS
Total Coliform Fecal Coliform
1,000,000,000 100,000,000
100,000,000 10,000,000
10,000,000 W 1,000,000
1,000,000 L
3\\ \/ 100,000
£ 100,000 | g s
o
S A g 10,000
£y :
g 10,000 X s
. 1,000
1,000
100 -
100 \
—@— Nov, 2009 —¥— Dec, 2009 -
10| —®—Nov,2009  —%—Dec, 2009 10 |- - @ - -Feb, 2010 ——— Jul, 2010 S
-4 --Feb, 2010 —+—Jul, 2010 Nov, 2010
| Nov, 2010 . e
I A A aoafdraoannncann
5555555555558 ¢8 GBBBBBBSBSBSSS >SS S
Fig. 4.1.13 Water Quality of Periodical Monitoring (5/5)
208 CTI Engineering International Co., Ltd.

IDEA Consultants, Inc.




The Study on Improvement of

Data Book
Final Report

Water Environment in Vientiane City,
Lao People’s Democratic Republic

avn Ty 90T X4 86 1T €LE 81 9T S'LE TS $'TT TT6 S'LT $0€ 0'LT £0v 8'€C €0C 0Tl LT 'L 81 1X43 18w SS €
avn  |ev  |ev  |es  |vr  |s6 e |vor |9ue |vs  |oee |89 |esr |1s st [vL |6z |eat  |s9c |vL  |es  |tw  [ru1 |rs I aca| el <
A ed | 0T SI SI SI 0T SI 0T 0s 0T SI SI 0€ ST SI 0T 0T SI SI 0T 0T SI 0T ST 18w “Waoo ) 1 14
0S8 WrH [ L1°0 910 610 0T0 Yo STO 95°0 810 170 170 434 1T 89°0 £€9°0 LOO 050 0€°0 60°0 £€0 wo £8°0 09°0 10 1B8w|  (N-Od) *Od 14
0S8 WrH | t'1 9'¢ 1 91 Il 91 S0 L0 90 90 L0 L0 90 90 80 L0 80 L0 S0 90 60 S0 L0 18wl (N-ON) ON ANVEE_|
0S8 WeH [ OO0 2000 2000 2000 800°0 2000 1o 0100 €000 1000 €000 §00°0 000 9000 0000 0000 €00°0 800°0 €100 L00°0 900°0 900°0 $00°0 18w (N-“ON) “ON osed |N
0S8 WweH [ 0°1 01 0T 0°s 01 Y 9 01 S0 §T §01 T e S0 09 Sy 0¢ e a4 S8 09 $T 18wl (N-*HN) *HN |_ €
DTSN BQUOH| OLT SLT L61 1€l 611 68 Sel- L8 91 Lyl ST 6L LTT €6 - [ 8Tl 8t~ L yi- AW 440 L
DTSN BQUOH| SLT°0 w610 o wTo o 60€°0 17€0 1zro 960°0 6TT0 0€L0 wsTo S91°0 orco 181°0 661°0 6£T°0 rieo 9T 60T°0 13 Sad 4
DTSN BqUOH| 10°4T 88%C 60°€T €9 6€YT 10°LT S6'€T e 9¢°CT 8€TT 01°0T 9TIT 1€%T LTET L6'ET (4844 LY'€T SE€TT STET Y0°€T SnIs[d| amyeradwa) JareA 4
DZS-N BUOH| 19 0L'9 SI'T 0r'8 9€CT 88'81 88'1 £€6'C €8y wy 80C (44 60t Y61 898 LEYI ST'6 LT 0t'8 9EY 18w oa :“WMMM|Q
DTSN BQUOH| 6°TL ¥ov €16 yle I'L8 9'8C (%4 ¥'86 o€t SIe 696 6'SE Sy €16 ¥'9C L8l €re €85 0'sT TS NIN Anprqng, . €
DTSN BqUOH| 0LT°0 96T°0 YET0 €LE0 o SLY'0 €€5°0 981°0 8¥1°0 se0 SIS0 88€°0 §STO 69€°0 6LT0 90€°0 89€°0 €8%°0 8LE0 1ze0 wo/gu MPU0d JLNI3[H| |N
DTSN EUOH| 08'9 €89 €L9 oL 869 €78 YL So°L 989 wL L69 0L 06’9 61'L €L9 vTL 1eL 6T'L SS°L So'L - Hd |_ [4
$°6T 0ve 0ve (Y3 (Y3 09¢ (Y3 (Y3 0'€e 0'€e (043 (043 (Y3 (Y3 STE 0ce 0ve 09¢ (Y3 0z snis[ao| dumyeraduw) ary €
mofh At mofk yFr ol[aA 131 [soljak 1 |moljak B [soljak i soljak i molak waiy (KeiS e [worek wary woriak sy [worjak 1y [rorak 4Bt [worjaA 1By mopiaf 1By fmoriak Bt [worak 1y mopiak sty - J0[0) T
10po 0N | J0po 0N | Jopo oN [ 10po oN [ 10po oN | 10po oN | 10po ON [peq 2| v [peq apy v [ 10po oN [ 10po oN [peq A0A | peg | 1opo oN [ 10po oN [ 10po oN [peq o v| 1opo oN | 10po oN [peq o v| peg  [peq opi vpeq opy v - 12p0 1] 1
jun swojy | uonedyIsse]D) ‘ON
0L9°s  [TL10 ¥L0°0 1200 Si6'l TSE0  [TLOO | 8TTO | €80°0 086°1 €200 1900 |6S€0 | 08I°0 | ¥80°0 [€L0O (s/;w) mojf wieang
fuung | Auung | Awung | Auung | Auung | Auung | Auung | Auwung | Auung | Auung | Awung | Auung | Auung | Awung | Auung | Auung | fuung | Auung | Awung | Auung | Auung | Awung | fuung Kep oy uQ
Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Aurey Kurey Kurey Kurey Kurey Kurey Kurey Kurey Kurey Kep snoraalg R
0S: €L [ OLST | 0T:SL | 0kl | OF€l 8FEl | 0s:TI Y4l 00:11 | 0s:01 00:01 0T:6 Sevl | 0€vl | 0071 STEL | OI:€l | 00-€L 0T11 SOTT 5201 swirL
ung-| ung-| ung-| ung-| ungf-| ung-| unf-| unf-| unf-| unf-| un-| ung-| unf-g unf-z unf-z unf-g unf-g unf-g unf-g unf-g unf-g Surpduweg jo aeq
Srety vid1 €1d1 gl aT ordT1 641 841 L4 941 sd1 a1 (3201 w1 a1 6V1 8V1 LV 9V SV1 V1 €V vl V1 Ju10J SULIOIUOIA] JO SWeN,
600 2unf

6007 dung ul SULIO}IUOJA] SNOIUR)[NUWIS [BUIPNIISUOTT JO S} NSIY SULIOJIUOJA]

6°'1'v dlqeL

ineering International Co., Ltd.

CTI Eng

209

IDEA Consultants, Inc.



The Study on Improvement of

Water Environment in Vientiane City,

Data Book

Lao People’s Democratic Republic

Final Report

avn 89T TLy 91T 91C LTS 091 8T 1'€C 11 00y 6LT 09T | ¥Tl s1e 9'Sy €Ll €81 TSt 96y 61¢ 1l ¥'6 Tlc 18w SS
avn 149 96 9 LTl el 8L st 43 144 LT 611 079¢ | 0°LT 0'LT 6 144 86 S8 1'6 96 0'8C 86 €L 13 ‘aod
A ed | ST 0T ST 0¢ 0€ ST 0¢ 0€ U3 ST (14 09 ST 0¢ ST ST ST ST ST ST 0¢ 0€ 0c 18 “Naod| 4
0S8 WreH | €€°0 1’0 670 0 €0 10 090 40! 820 SIo 6t°0 0L'9 69°0 801 1o £8°0 950 0ro €10 6t°0 w0 990 Sy 18w (N-"0d) "Od
0S8 WeH | S0 S0 00 S0 S0 S0 S0 S0 S0 S0 S0 S0 00 00 <0 S0 00 S0 S0 <0 00 0 S0 18w (N-ON) fON (Puan
0S8 YeH | $00°0 800°0 60070 2000 920°0 9000 €100 110°0 §00°0 2000 8000 $20°0 60070 0100 0€0°0 2000 €000 §00°0 800°0 €100 €00°0 $00°0 €100 18w|  (N-ON) “ON| d1seq |N
0S8 UBH | 0% 09 S8 0L 08 9 S8 S'S SL 0C S8 (43 08 Sel 0T 001 SL Sy 09 0L 06 08 153 18wl (N-HN) *HN| 1] ¢
DTSN BqUOH| 0S 96 L8 8- s 6L 73 91 34 SL 0L 6b1- 1z SO1- 86 6 2 9¢- 6 (73 19- L9 91- AW dIO] L
DTSN BQUOH| TTE0 | 0TE€0 | 6LE0 [ TEEO0 | ¥8TO | THEOD [OEE0 | €EE0 | 8SE0 | 0650 |89T0 TIL0 | 06T0 [0€€0 |8TTO |€I€0 [ €8T0 161°0 | 8CT0 [89T0 |96T0 [9STO |6ITO 13 Nes 9
DTSN ®qUOH| 90°ST €61 $0°61 L9t 96'1C | T0'81 86'LI 87°SI YELI S6vl [4¥A Eiad w9l S191 69°L1 8¢8I L9LT 9s'61 8€°61 1€°81 €S°LT 91°sl 60'v1 SNIS[P0| dxnyeradudy 123e <]
DTSN PqUOH | S°E or'e 91’8 IS¢ 89°L LS'L €TL 06'C LES 1701 P8LI sTe 0s'8 SP'T (USY LEY 999 16'6 w38 IL81 6L'1 Lr'8 209 18w oa A_HWHMMH
DTS-N BQUOH| ¥'{ €'L6 roe 6'8€ 0921 V€T 009 r'or £9¢ SIL e 001¢ €99 666 yee 1'8T 101 L06 Lol 8Ly vl Tee NIN Anprqn ’ €
DTSN BQUOH| €0S°0 | 8LY'0 1650 | 8IS0 | 9¢¥'0 [SESO | SISO [0TSO [6SS0O |TT60 [TIV'O | OII'T SIS0 1S€°0 1870 | 9€¥’0  [€6T0 |0SE0 | TIV'O [SSKFO | €6€0 [LEECO WO/SUI| AANONPUOD L3103 4
DTSN BqUOH| 69°L €LL 008 8LL 96°L €8°L 86'L S8'L €LL L6'L T8 L 608 19°L WL 09°'L 0L wL 68 18°L 18°L L - Hd 1] <
00¢ 00¢ 00¢ 0°0¢ 00¢ 00¢ 08T 0T 08T 08T 08T 0'LT 09T 00¢ 00¢ 08¢ 06T 0'8C 0'8C 08T 08¢ 08T snisjao| oxmeiodu) 1y €
mofjaf 1ar [morrak 13 [morrof 1@ [morak 1y [morrak 1dr [morras sy fmoriak 1y [morrak 1By oo i |morak 1y [worros 1By |£ea8 yreq |morak 1dr [soraf sBr |morrak 1y |sorrak 1@y [moriaf wBr [moriak 1y [sorrak 1By [morak i [soriak 1B [worjak 1By [moras - 10[0D)] z
POOD)  peq o v |prq A V| 10PO ON| [ 10p0 ON [ 10pO ON [peq ot v [PEE AIOA [prq oty v | J0po ON | 10po ON [peg AIOA [peq a1t v [Peq ol v [Peq 2 v [Peq o v [peq o v [ 10pO ON [peq 2t v [peq i v|  PBE  [Peq o v [prqami v - 10p0 1] 1
nn swo)[ | uoneoy ON
[4ra TELO €10 €600 [ L100 ¥70°0- | 8IT°0 [STO0 | 0L00 |910°0 L6S°0 | 8000 |THOO [681°0 |9TI'0 [¥F0O0 | €TO0 (5/;w) Mo weang
Auwung | Auung | Auung | Awung | Auung | Auung | Auung | Awung | Auung | Auung | Awung | Auung | Auung | Auung | Awung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung Kep ayy uQ
Auung | Auwung | Auung | Auung | Auung | Auung | Awung | Auung | Auung [ Auung | Auung [ Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung [ Auung | Auung [ Auung | Auung Kep snoiaig R
SHEl Sl 0s:€l 0T:€l §STl 00-€1 SETI 0€6 St 0Or:11L SH01 ST:01 0€:01 SS6 0or:€l SO:€El 0¥zl 0€ 11 00:11 SH0l1 0z:01 0101 S€6 swrL
AON-€T [ AON-#T | AON-¥T | AON-¥T | AON-PT | AON-¥T [ AON-¥CT | AON-FT | AON-#T | AON-FT | AON-¥T [ AON-¥CT | AON-¥T [ AON-PT | AON-ET [ AON-ET | AON-E€T | AON-ET | AON-€T | AON-ET [ AON-ET | AON-€T | AON-€T Surdwes jo areq
ey yld1 €1d1 a1 e ordT1 641 841 L471 941 a1 1 €T w1 141 6V'1 8V1 LV1 9V SV1 14! £V1 (48! V1 U104 BULIOYUOIA] JO dWEN.
600T 19qUIAON

6007 I9QUIdAON Ul SULIO}IUOJA] SNOJUB)[NUWIS [BUIPNIISUO] JO S)[NSIY SULIOIIUOIA

0r'I'y d1qeL

| Co., Ltd.

ional
IDEA Consultants, Inc.

Internat

ineering

CTI Eng

210




The Study on Improvement of

Data Book
Final Report

Water Environment in Vientiane City,
Lao People’s Democratic Republic

avn 66T €LY 8YT £y Pl 0's9 90T 70€ 69¢ S8 8T 080T §°6S 6l €Ly (43 €1z §'6T €YT LSt 911 911 1'ze 18w SS €
avn 9t 8¢ 8¢ 09 1’01 €9 €81 £6T 4 0> €vl 060T el 6°S1 9'¢ vel 0cI Lot TL Tl Lol 901 $'s 18w ‘aod uMN”MWM|N
MRd | 0T S 01 0T 0T 0T Sl 0T 0T (4 0T 09 (4 0T 0T 0T (4 0T 0T 0T ST 0T 0T 18w "Waoo ) |_ 14
0S8 WEeH | IL°0 870 £5°0 (44 00 9¢€°0 69°0 850 1€°0 90°0 950 0S'L 810 £8°0 L00 S€0 990 ST wo 85°0 ¥0'T 09°0 10 18 (N-"0d) "Od 14
0S8 YBH [ 1°0 o 10 10 0 10 [4Y 44 o €0 [4Y 0 10 0 10 o 10 10 o 10 0 10 o 18wl (N-SON) *ON (Qwon | €|
0S8 WEeH | ¥00°0 1000 [ L£00°0 [#10°0 [TIO0 |LTOO |0€00 |LTOO |SIOO |0SO0 [#000 [0€00 |[€10°0 [600°0 [S000 €000 | 2000 |T000 |TI00 [900°0 [800°0 6000 110°0 18wl (N-“ON) “ON ased| ¢ |
0S8 YoBH [ S°¢ se St 08 S01 SL $6 STl 0L (4 S'L 089 0TI 0Tl €0 S8 08 0s Y 09 S01 08 (g 18wl (N-SHN) ‘HN| 1] ¢
DTSN BQUOH| €6 SOT 201 L1~ €9 LL 61 ST St 65 8T L9T- 01- 99- € I L6 8t 69 98 €01- LOT LE- AW Le(e] L
DTSN BQUOH| THT0 | 0TT'O 16T°0 ISTO  [LSTO | €STO |06T0 |SOE0 [6ITO |L61O ILT0  [86S0 |T6TO |TOE0 | €810 |LLTO |T6TO [661°0 [80TO [€9T0 |[LLTO [9€T0 [LOTO 13 SalL o]
DTSN EQUOH| 9¢°91 16°L1 15761 wel wWIT | 0T0T |TTIT |6¥91 SLLT 8TYI WLl PEP1 L991 98°LI €S°LI LELT L9'ST or'tT | eL61 9¢'LT €781 SS91 SO°ST SNIS[PO [ dameradud) 12e M ]
DTSN BQUOH| $T'¢ Pe'e L6'9 WL L1°01 s €0°LI 86°S 69 €56 0€°01 w0T 18°¢ 81 9 Se'e L1'T 1S°L 1S°11 we wl 6701 LL'y 18w oa :‘,W“_Mmlv
DTSN BQUOH| LS9 86 908 0L 9T €86 0'6€ 89 ocel 0651 TIs 06T | 0°SST €6¢ 09 0°0S 0°se Lee 091 ¥'8C sy 89T Toe NIN Anprqing e
DTSN BQUOH| TLEQ | 6€€0 [ LVFO  [68€0 [S6€0 |06€0 |[9¥P'0 |69v°0 |8EE0 | €0E0 | LIFO |¥E60 [0SO [SOF'O [TTO | STHO | OSK'O  |90€0 | 0TEO | SOFO [LTFO [¥9€0 [8IE0 WO/SW | Aitanonpuod dLddfg T
DTSN BQUOH| OL'L LS'L 66'L s 618 08 £5°6 ¥T'8 we 98°L L8 8S°L 98°L L1'8 o°L €LL 19°L 1L 6€°L 09°L LEL wlL €89 Hd 1] <
06T S8 $8T 0'6C 06T 0'6C 0'6C 09¢ 06 08¢ 0'LT 0'9C 09t 092 0'8C 0'8C 0'6C 0'8C 0'8C 0'8¢ 092 0'9C 0'st snis[o|  dunjeroduwo) ary €
ook 13y T [wof1ok 143y [wofok 1431 fwolja 1By [sorjaf 1yBL |soljak 1yBIT |molfak 1BrT [mofjak 1BrT [ mofiak 1B [mofiok 13T ook 13T (KBS SaB( [worok 1431 [moljak 1yBi [moljas 1By |soljak 1By |moljok 1BrT |moflok 1uBrT [moliok 13T [wofiek 1uBy T wofiok 1uBy T [wofok 14y [woros iy 110D [
10po ON | 10po ON| [ 10p0 ON | 10po ON | 10po ON | 10p0 ON [peq o v| Ped  [praami v| 10po ON [ 10po ON [peg AIOA [peq o v [peq a1t v |Peq 2t v [Peq ot v [peq 2t v | 10po ON [peq apy v |pea ami v| - Ped  [peq op v [peq i v 10pO s I
nun Sw)| [uoneoyisse) ON
091°C 80L°0 SS1°0 9L0°0 9€0°0 96T°0 sro ¥10°0 8110 wo'o 91L0 100 S€0°0 061°0 oo 2900 8¥0°0 Am\me MO[] Weans
Auung | Auwung | Auung | Awung | Auung [ Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung Aep ayp uQ
Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung | Auung [ Auung | Auung | Auung | Auung | Auung | Auung | Auung [ Auung | Auung | Auung Kep snoaig JomEm
0€-€l OT:€T 00:€T 0Tel SeiTl SO-El SEIT 0T:6 SPIT OT-TT 0011 ST:01 S0:01 056 OF: 11 0E 11 OT-TT S01 ST01 00:01 (U 0 aunp
AON-| AON-| AON-| AON-T AON-T AON-Z | AON-T AON-T AON-Z | AON-T AON-T AON-T AON-T AON-T AON-[ AON-| AON- AON-T AON-| AON- AON-| AON-| Surjdweg jo aeg
ey v1d1 €141 [45:41 et o1d1 641 841 L1 941 sd1 a1 (221 (4! a1 6V1 V1 LV1 SV1 V1 €V1 w1 V1 W10 SULIONUOIA] JO QWIEN
010 10quiaA0N

0107 I9qUIdAON Ul SULIO}IUOJA] SNOdUB)[NWIS [BUIPNIISUOT JO SI[NSIY SULIOIIUOA]

11T’ d1qBL

211

| Co., Ltd.

lonal

ineering Internati

CTI Eng

IDEA Consultants, Inc.



The Study on Improvement of

Data Book Water Environment in Vientiane City,
Final Report Lao People’s Democratic Republic
Nam Pasak
-
LB4 )
I 0352 I Na Khai
o Marsh
% Hong Xeng
z‘) LB6 | [ ieo | [Cerivpn)] [z |
g | IR 1 1 L5670 | | ]
o072 ]
LB2
0.228
LBIO(SP6) LB13
- 5
g
P
:
E
E
LA4 Hong Ke [LA7OvP2) | | 1as |
0359 | [ 1980 ] | -]
0.061
Hong Thon LA9
[Cassea] | [Tazses)]
[ 0180 [ o084 ]
LAl
Stream Flow of Hong Ke and Hong Xeng Basin (June 2009) Unit: m* /s

Fig. 4.1.14

Stream Flow of Longitudinal Simultaneous Monitoring in June 2009

Nam Pasak
HE
LB4 )
I 0118 I Na Khai
z Marsh
§ Hong Xeng
2 | iBs | B9 | [LB11OVPD)| [ B2 |
=3
= | s | [ | 1 Lom | [ - 1
[ 0025 ]
LB2
0.070
LB10(SP6) LBI3
[ oo | —1 -
LBI §
oo | >
Hong Pasak s
—
E
=
E
[ 1Az | Hong Ke [LA7QvP2) | [ 1as |
o189 | [ 0597 ] | -]
LA5(SP§)
0.042
Hong Thon, LA9
[Cassra] | [Tazses)]
| o126 [ 0044 ]
LAl
oo |
Stream Flow of Hong Ke and Hong Xeng Basin (November 2009) Unit: m* /s

Fig. 4.1.15
2009

Stream Flow of Longitudinal Simultaneous Monitoring in November

212

CTI Engineering International Co., Ltd.
IDEA Consultants, Inc.




The Study on Improvement of

Water Environment in Vientiane City, Data Book
Lao People’s Democratic Republic Final Report
Nam Pasak
2.160
LB4 Na Khai
a al
. Lotz | Marsh
'; Hong Xeng
£ | By | [LB11OVPD)| | B2 |
£ | I | [ o708 [
LB2
0.118
LB10(SP6) LBI13
i
g
@
2
E
LA4 Hong Ke [LA7ovP) | | 1as |
o190 | [ o716 ] | B |
LA5(SP8)
Hong Thon, LA9
[Tassra ] | [Tazses)]
[ o140 [ 0062 |
LAL
Stream Flow of Hong Ke and Hong Xeng Basin (November 2010) Unit: m* /s
Fig. 4.1.16 Stream Flow of Longitudinal Simultaneous Monitoring in November
2010
CTI Engineering International Co., Ltd. 213

IDEA Consultants, Inc.



The Study on Improvement of

Data Book Water Environment in Vientiane City,
Final Report Lao People’s Democratic Republic
Air temperature Water temperature
—&— Jun, 2009 —&— Jun, 2009
40 —8— Nov, 2009 40 —=— Nov, 2009
2 e R —&— Nov, 2010 . —&— Nov, 2010

[
10 10
5 5
0 P P 0 P P
TN O T LON 00 - N QYL O~N® 90 - N®Y — N O T ORS00 - N Y WLON® OO0 - N O
T T < < < < << <D0 MM@0@0 = = == << < < < << < <OOOOMOMM@N@0N@D - = — —
J3J 3333333333433 3433 J3J 3333333333343 43333

pH DO

—e— Jun, 2009 —e— Jun, 2009
—=—Nov, 2009 ] 200 —8—Nov, 2009
—#&— Nov, 2010 —4&— Nov, 2010

?
i i

140 l
» == T~ //V [\

12.0

60 2 100 A A
s L [P [ M;‘xn
40 VAR A
{
20 40
20 ¥ vy v
00 00
$333%33335883888883;5323 53332%5335888855885;58¢

Electric conductivity Turbidity
—e— Jun, 2009
350
12 —8— Nov, 2009 —&— Jun, 2009
—a— Nov, 2010 —#— Nov, 2009
300 —4— Nov, 2010
1.0

S S —
Soe /\/\ “ Al
P IS W S A RPN
Nialhat A\ AN TAAW,

NTU

TDS ORP

0.80 —&— Jun, 2009 250
—m— Nov, 2009 —e—Jun, 2009
) 200

A o [ 23?3 ™
o A S
AR AL m\\//w;m\‘w#‘m | FFLEEE
Faw-V:a was vl QV/V*VV
y

0.70 —&— Nov, 2010

mV

I '// V N -150

0.10 200

000 b v v P S S SR} _250

2393393 -300

Fig. 4.1.17 Water Quality of Longitudinal Simultaneous Monitoring (1/2)

214 CTI Engineering International Co., Ltd.
IDEA Consultants, Inc.




The Study on Improvement of

Water Environment in Vientiane City, Data Book
Lao People’s Democratic Republic Final Report
CODy, NH;-N
70 400 68.0 —{—e—uun, 2009 |
—&— Jun, 2009 ‘ l ~—#— Nov, 2009
—8—Nov, 2009 350 —&— Nov, 2010 |1
60 5 —&— Nov, 2010 |~ ’ ﬂ \
A 30.0
50 ‘

mg/|

m N _
m AR |

NS =Y AV il

BOD; NO,-N
362, 209 0.060
1000 —e— Jun, 2009 —e— Jun, 2009
900 ” —=—Nov, 2009 | | —#— Nov, 2009
I —&— Nov, 2010 0.050 —4—Nov, 2010
80.0 A
700 0040
0o /\

500 2 00%0

mg/|

00 fi 0020

w0 |— A N
10.0 /\ /M\/ / \k Pt 0010

00 b vy e 0.000

SS NO;-N
262, 208
1000 40
—&— Jun, 2009 —&— Jun, 2009
90.0 k4 —#— Nov, 2009 | | 35 — ~—#— Nov, 2009 ,
I\ ﬁ —&— Nov, 2010 —&— Nov, 2010
800
/ \ 30
700 / \
60.0

CNosTBLer@o - N ® Tw e~ oo c-sosw CNosLe~roo - N ® T o e~ oo c-w~oxw
S333333353339359359 353333 mamm 3333333353953 8539380 ma@
33333 33333
PO, P
8
—&— Jun, 2009
—— Nov, 2009
—&— Nov, 2010
6

Fig. 4.1.18 Water Quality of Longitudinal Simultaneous Monitoring (2/2)

CTI Engineering International Co., Ltd. 215
IDEA Consultants, Inc.



The Study on Improvement of

Data Book Water Environment in Vientiane City,
Final Report Lao People’s Democratic Republic
4.2 Cost Estimation
Table 4.2.1 Basic Information (Alternative 1)
Alternative-1
Total Name of |Population| Wastewater BOD Treatment|Sludge  |Remarks
populatiorplant treated  |daily avg. |daily max. |in out removal rate [method ~ |volume
Yd) _|mYd) |mg/h |mg/h (%) (md)
Pasak 10,931 - 10,931 2,230 2,973 31 9 70 |Comtact 1.170
Hong Ke 44,173 - 44,173 9,012 | 12,016 31 9 70 |aeration 4.727
Kai Keo 16,499 - 16,499 3,366 4,488 31 9 70 |process 1.766
Total 71,603 | 14,608 | 19,477 7.663
Wastewater | Pump house& Grit chamber  |Contact aeration reactor Remarks
daily max. |Width  |Length [Area Width  |Length [Depth  [No. Volume |HRT
(m’/d) _|(m) (m) (m’) _|(m) (m) (m) (m) (o)
Pasak 2,973 19.5 9.5 185 4.5 68.0 2.5 4 3,060 24.7
Hong Ke 12,016 79.5 9.5 755 4.5 69.0 2.5 16| 12,420 24.8
Kai Keo 4,488 39.5 9.5 375 4.5 51.0 2.5 8 4,590 24.5
Hong Thong 2,813 19.5 9.5 185 4.5 64.5 2.5 4 2,903 24.8
Total
Sedimentation tank Vegetation pond
Width  |Length [Depth  [No. Volume |HRT Width  |Length [Depth  [No. Area
(m) (m) (m) (m’) (hr) (m) (m) (m) (m’)
Pasak 19.5 15.5 2.5 1 756 6.1 19.5 14.5 1.0 1 283
Hong Ke 79.5 15.0 2.5 1 2,981 6.0 79.5 14.5 1.0 1 1,153
Kai Keo 39.5 11.5 2.5 1 1,136 6.1 39.5 14.5 1.0 1 573
Hong Thong 19.5 14.5 2.5 1 707 6.0 19.5 14.5 1.0 1 283
Total
Note:
Sludge volume (contact aeration process)
=(So X a/k) X (1-b) X ((1- exp(-k X t)) + So X (1-a) Xt
where:  So: SS removed (gram/day)
a: ratio of decomposable SS
k: degradation coefficient of organic sludge (0.01/day)
b: initial degradation rate of decomposable SS (35%)
t: detention time (day)
Source: Manual of contact aeration process
(Kinki Regional Development Bureau, The Ministry of Land, Infrastructure, Transport and Tourism)
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Table 4.2.2 Basic Information (Alternative 2)
Alternative-2
Total Name of |Population| Wastewater BOD Sludge
population |plant treated  |daily avg. [daily max. [in out removal rate [volume
m'/d) |m'/d) [mg1) |(mgD) (%) (m’/d)
1. WTP (anaerobic treatment plant)
Pasak 4,254 |T1(SBS) 585 101 135 31 9 70 0.015
upstream T2 293 59 79 31 9 70 0.009
T3 182 37 49 31 9 70 0.005
T4 244 50 66 31 9 70 0.007
T5 247 50 67 31 9 70 0.007
T6 159 32 43 31 9 70 0.005
T7 98 20 26 31 9 70 0.003
T8 308 62 83 31 9 70 0.009
Total(T2-T8)[ 1,531 310 413 0.045
Others - 60 80 31 9 70 0.009
Total 2,116 471 628 0.069
Pasak downstream 6,677 - 3,172 647 863 31 9 70 0.095
Kai Keo 16,499 - 8,250 1,683 2,244 31 9 70 0.247
Khoua Khao 16,011 - 8,006 1,633 2,177 41 12 70 0.316
Ouay Louay 7,800 - 3,900 796 1,061 31 9 70 0.117
Phone Thanh 1,525 - 763 156 208 21 6 70 0.016
Sub-total 52,766 26,207 5,386 7,181 0.860
2. Contact aeration plant
Hong Thong 10,342 - 10,342 2,110 2,813 31 9 70 1.107
Total 36,549 7,496 9,994 1.967
Note:
Sludge volume (anaerobic treatment plant) = 0.005 liters/gram BOD removed
Source: Decentralised Wastewater Treatment Systems (DEWATS)
and sanitation in Developing Countries (BORDA)
CTI Engineering International Co., Ltd. 217

IDEA Consultants, Inc.



The Study on Improvement of

Data Book Water Environment in Vientiane City,

Final Report Lao People’s Democratic Republic
Table 4.2.3 Cost Estimation (Alternative 1)

Alternative 1 (1/2)

1.Contact aeration plant
Pumping station

Construction cost 1US$= 80.66 JPY
Basin Wastewater (daily average) Cost Cost
m/dx1 | @/dx2 | m’/s)x2 | (m’/min) (JPY) (US$)
Pasak 2,230 4,460 0.05 3.1 8,495,000 105,319
Hong Ke 9,012 18,024 0.21 12.5 | 29,079,000 360,513
Kai Keo 3,366 6,732 0.08 4.7 12,792,000 158,592
Total 14,608 29,216 0.34 20.3 | 50,366,000 624.424
O&M cost (Electricity) per yea 1US$= 8,000 kip
Basin Electoricity | Operation | Electoricity [ Unit cost Cost Cost
(kW) hour (hr) (kW) (Kip/kW) (Kip) (US$)
Pasak 5.9 24 51,684 800 | 41,347,200 5,168
Hong Ke 23.5 24 205,860 800 | 164,688,000 20,586
Kai Keo 8.9 24 77,964 800 | 62,371,200 7,796
Total 38.3 335,508 268,406,400 33.550

Treatment plant
Construction cost

Basin Stream flow (m3/d) Land req. Cost (JPY)
(daily avg.) |(daily max.) (mz) Civil Aerator Contact media | Total
Pasak 2,230 2,973 2,190 | 225,636,364 | 14,865,000 [ 8,919,000 [ 249,420,364
Hong Ke 9,012 12,016 8,800 [906,666,667 | 60,080,000 [ 36,048,000 |1,002,794,667
Kai Keo 3,366 4,488 3,540 | 364,727,273 | 22,440,000 | 13,464,000 [ 400,631,273
Total 14,608 19,477 14,530 [1,497,030,304 | 97,385,000 | 58,431,000 |1,652,846,304
1US$= 80.66 JPY
Basin Stream flow (mB/d) Cost (US$)
(daily avg.) [(daily max.) [Civil Aerator Contact media | Total
Pasak 2,230 2,973 | 2,797,376 184,292 110,575 3,092,243
Hong Ke 9,012 12,016 | 11,240,598 744,855 446,913 | 12,432,366
Kai Keo 3,366 4,488 | 4,521,786 278,205 166,923 | 4,966,914
Total 14,608 19,477 | 18,559,760 | 1,207,352 724,411 | 20,491,523
O&M cost (Electricity) per yea: 1US$= 8,000 kip
Basin Electoricity [ Operation | Electoricity [ Unit cost Cost Cost
(kW) hour (hr) (kW) (Kip/kW) (Kip) (US$)
Pasak 16.0 24 140,160 800 | 112,128,000 14,016
Hong Ke 66.0 24 578,160 800 | 462,528,000 57,816
Kai Keo 25.0 24 219,000 800 | 175,200,000 21,900
Total 107.0 937,320 749,856,000 93,732
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Alternative 1 (212)
O&M cost for 1 yr (Sludge disposal) 1US$= 8,000 kip
Basin Sludge Sludge Vol. |  Unit cost Cost Cost
volume
(m’/day) | (m’/year) | (Kip/m®) (Kip) (USS$)
Pasak 1.170 427.1 125,000 | 53,387,500 6,673
Hong Ke 4.727 1,725.4 125,000 | 215,675,000 26,959
Kai Keo 1.766 644.6 125,000 | 80,575,000 10,072
Total 7.663 2,797.1 349,637,500 43,704
Land cost
Basin Land req. Land req. Unit cost Cost
(m%) (1) (m®) (H)X13  (USS$) (US$)
Pasak 2,190 2,847 100 284,700
Hong Ke 8,800 11,440 100 |-
Kai Keo 3,540 4,602 100 460,200
Total 14,530 18,889 744,900
Total cost of Alternative 1
Construction O&M
Basin WTP Contact aeration WTP Contact aeration Total
(US$) (US$) (US$) (US$) (US$)
Contact aeration 21,860,847 170,986 | 22,031,833
WTP 0
Total 0| 21,860,847 0 170,986 | 22,031,833
21,860,847 170,986
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Table 4.2.4

Cost Estimation (Alternative 2)

Alternative 2

(12)

1. WTP (anaerobic treatment method)

This cost other than Hong Pasak pre F/S area and Pakpasak domitory, is estimated by using the following unit cost (including
WTPs, interceptors and control boxes) in pre F/S area.

2,040 US$/m’, dairy max= 1,280,885 US$/ 628 m’/day
Wastewater
Total pop.  |Pop. Treated |Pecentage  |Total (daily avg.) |(daily max.) |Total cost
by WTP (m’) WTP area  |WTP area
@) @ @y
Hong Xeng Basin
Hong Pasak
-Pre F/S area 1) 4,254 1,531 40.0% 868 310 413 896,840
-Pakpasak and others 2) 585 161 215 384,045
-Others 6,677 3,172 47.5% 1,362 647 863 | 1,760,520
Hong Kai Keo 16,499 8,250 50.0% 3,366 1,683 2,244 | 4,577,760
Hong Ke Basin
Hong Khoua Khao 16,011 8,006 50.0% 3,266 1,633 2,177 | 4,441,080
Hong Ouay Louay 7,800 3,900 50.0% 1,591 796 1,061 [ 2,164,440
Hong Phone Thanh 1,525 763 50.0% 311 156 208 424,320
Total 52,766 26,207 10,764 5,386 7,181 | 14,649,005
Note: 1),2) Cost calclated in pre F/S
O&M cost (Sludge disposal) per year 1US$= 8,000 kip
Basin Sludge Sludge Vol. |  Unit cost Cost Cost
volume
(m*/day) | (m’/year) | (Kip/m’) (Kip) (US$)
Pasak U/S 0.069 25.2 125,000 | 3,150,000 394
Pasak D/S 0.095 34.7 125,000 | 4,337,500 542
Kai Keo 0.247 90.2 125,000 | 11,275,000 1,409
Khoua Khao 0.316 115.3 125,000 | 14,412,500 1,802
Ouay Louay 0.117 42.7 125,000 | 5,337,500 667
Phone Thanh 0.016 5.8 125,000 725,000 91
Total 0.860 313.9 39,237,500 4,905
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Alternative 2 (2/2)
2.Contact aeration plant
Pumping station
Construction cost 1US$= 80.66 JPY
Basin Wastewater (daily average) Cost Cost
(md)x1 | @¥d)x2 | ms)x2 | (m’/min) (JPY) (US$)
Nong Chang (Hong Thong) 2,110 4,220 0.05 29| 8,495,000 105,319
O&M cost (Electricity) per yea 1US$= 8,000 kip
Basin Electoricity | Operation | Electoricity | Unit cost Cost Cost
(kW) hour (hr) (kW) (Kip/kW) (Kip) (US$)
Nong Chang (Hong Thong) 5.4 24 47,304 800 | 37,843,200 4,730
Treatment plant
Construction cost
Basin Stream flow (m3/d) Land req. Cost (JPY)
(daily avg.) |(daily max.) (mz) Civil Aerator Contact media | Total
Nong Chang (Hong Thong) 2,110 2,813 2,100 | 216,363,636 | 14,065,000 | 8,439,000 [238,867,636
1US$= 80.66 JPY
Basin Stream flow (m’*/d) Cost (US$)
(daily avg.) |(daily max.) |Civil Aerator Contact media | Total
Nong Chang (Hong Thong) 2,110 3,165 2,682,416 174,374 104,624 | 2,961.414
O&M cost (Electricity) per yea 1US$= 8,000 kip
Basin Electoricity [ Operation | Electoricity [ Unit cost Cost Cost
(kW) hour (hr) (kW) (Kip/kW) (Kip) (US$)
Nong Chang (Hong Thong) 17.0 24 148,920 800 | 119,136,000 14,892
O&M cost for 1 yr (Sludge disposal) 1US$= 8,000 kip
Basin Sludge Sludge Vol. [ Unit cost Cost Cost
volume
(m’/day) | (m’/year) | (Kip/m®) (Kip) (US$)
Nong Chang (Hong Thong) 1.107 404.1 125,000 | 50,512,500 6.314
Total cost of Alternative 2
Construction O&M
Basin WTP Contact aeration WTP Contact aeration Total
(US$) (US$) (US$) (US$) (US$)
Contact aeration 3,066,733 25,936 | 3,092,669
WTP 14,649,005 4,905 14,653,910
Total 14,649,005 | 3,066,733 4,905 25,936 | 17,746,579
17,715,738 30,841
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Table 4.2.5 Basic Information (Pre F/S)
Basic Information
Zone Pop. Wastewater WTP Remarks
Pcpd comm. Daily. Max |Number
(person)  |(I/d) X0.2 /0.75(1/d)
M 1 92 170 205 270 TS
M 2 152 170 205 270
M 3 149 170 205 270 |T7
M 4 247 170 205 270 |T6
M 5 10 170 205 270 |T8
M 6 98 170 205 270 [T11*
M 7 212 170 205 270 |T9, T10
M 8 96 170 205 270 [T11*
U_l 45 170 205 270 Including college
U2 185 170 205 270 [T2 }
U3 63 170 205 270
U 4 6 170 205 270 |cannot
Us 125 170 205 270 [collected
U 6 126 170 205 270 T4
U7 56 170 205 270
Sub-total 1,662
College 585 170 170 230 |T1
Total 2,247
Table 4.2.6 Cost estimation (Pre F/S) (1/2)
Interceptor and Control box
Interceptor or discharge pipe Remarks
Length 1 |[Length2 |[Length3 |Length4 [Total Unit cost  [Cost
(m) (m) (m) (m) (m) (US$/m) _[(m)
T1 50 50 100 60 6,000
T2 250 10 260 60 15,600
T3 170 10 10 10 200 60 12,000
T4 160 10 10 180 60 10,800
TS 120 40 10 10 180 60 10,800
T6 90 10 100 60 6,000
T7 170 170 10 350 60 21,000
T8 30 30 60 60 3,600
Others 0 60 0
Total 1,040 330 40 20 1,430 85,800
Control box Remarks
Number 1 |Number 2 (Number 3 |Number 4 |Total Unit cost |Cost
(US$/No.) |(m)
T1 4 4 0 0 8 65 520
T2 10 2 0 0 12 65 780
T3 8 2 2 2 12 65 780
T4 7 2 2 0 11 65 715
TS 6 3 2 2 11 65 715
T6 5 2 0 0 7 65 455
T7 8 8 2 0 18 65 1,170
T8 3 3 0 0 6 65 390
Others 0 0 0 0 0 65 0
Total 51 26 8 4 85 5,525
222 CTI Engineering International Co., Ltd.

IDEA Consultants, Inc.



The Study on Improvement of

Data Book
Final Report

Water Environment in Vientiane City,
Lao People’s Democratic Republic

w G100 SSIUIIY} wﬂzu\wu\l— Tx
‘syom Arezodwidy Surpnyouy [, 19JON
0L6°€68 | ST0°8€ SES°T SLETY S'691 011°9L 119°L 097°LEL 1671 [ 0€1'1 879 1eoL
SILTIT | S8LY Sl 61¢ 0STS 0S¢T 01T 085°6 01 856 001°C6 009 S ESl (44! 08 SPO
oze6ll | SIIS S1 543 ST9°¢ 0S¢ S'TT 0vZ0l 0l ¥20°1 0vE'86 009 6691 0S1 €8 3L
sev'ey | STLl ST S11 0ST°C 0S¢ 06 09%°€ 0l i3 090°9¢ 009 109 09 9¢ LL
0v0°9 | 00L°C S1 081 000°€ 0S¢ 0TI 00¥°S 0l 0rS 0v6°cs 009 6'68 08 34 9L
0€v'96 | 080 ST LT 00S‘y 0S¢ 0'81 0L1°8 1) L18 089°6L 009 8Tl 114 L9 SL
0€v'96 | 080y ST LT 00S‘y 0S¢ 081 0L1°8 0l L18 089°6L 009 8Tl 0cl1 99 L
0¥9°TL SY0°€ ST £0C SLEE 0S¢ S¢el 001°9 0l 019 0Z1°09 009 001 06 834 €L
SILIIL | S8LY ST 61¢ 0SS 0S¢ 01T 08S°6 0l 856 001°26 009 Sest U4 6L <L
SSI°LLT | OIL'L ST 145 S79°8 0S¢ She 0161 0l 17S°1 Oby'sy1 | 009 e 0€C Sel 1L

($s|  ($sn) () ($sm|  $s| @) (W[ (ssp|  ($sn) Qf (§sn)|(14) (§50)|(w) dwnioA ol (/)

150D| 1800 3un | ewnjop 3800|3500 3| QoA 1s0D| 15003  ewnjop 180D)| 1500 3| 910U | Jutubar (roremorses

SYIRWAY [ 1800 110, peeg| (e1010u00 urerd pue [oaeIS) Surjead] UOTJBABOXF] IN)ONIS J2IIU0))

BII]) 150D
1'62C°1 9'v6 L'TTE 0°68¢ 8Tty 0L 1433 81 81 8Ty 8Ty €101
SEST 801 9'0% 6’8y [ 3 [44 4 4 0 4 1'C €7 TES TES ST SIPO
6691 Tl K44 €S 6'9¢ 6 Ja4 4 4 0 €T 1'C €T 696 695 ST 8L
109 89 791 L'LT 76l S L1 4 4 0 €T 1'C €T 6l 6l ST LL
6'68 1'8 [444 9'LT 0'0¢ 9 ST 4 4 0 €T 1'C €T 0°0¢ 0°0¢ ST 9L
8Tl 801 8¢ 8’1y ¥'Sy 8 9¢ 4 4 0 €T 1'C (%4 'Sy 'Sy ST SL
8'Cel 801 8'7¢ 8’1y ¥'Sy 8 9¢ 4 [4 0 €T 1'C €T 494 494 ST L
7001 1'8 0'LT [ 6'¢e 9 8T 4 [ 70 €T 1'C €T 6'¢E 6'¢E ST €L
S ESl 8°01 9'0% 6’81 ¢S 8 [44 4 C 0 €T 1'C €T 433 433 ST cL
¥'Tre 91 8'19 8'8L 9'68 4! ¥9 4 4 0 €C 1'C €C 9'68 9'68 ST 1L

wonog wonog

[£J0.L| 7 uonied| | uonned apIs doy| g uonnied| [ uonnied apis dog (w)| S|  wpm|  uSpH|  wluwy|  wlwT|  wpm

() awnjop ToqunN | sSouoIYy L, (W) [Tem vonnIed (u) [rem opig | (ur) qeys woyoq ‘dog,
JUIMOA 9)9.10U0))
879 1eL
6'67 LTl Sy LTl 81 8 144 L 0y'1 06°0 09'1 1'C ST 08 SO
L'1S I'¢l 9'vT 0yl 8’1 8 ST 8 05’1 060 09'1 1'C ST €8 8L
€S 9°¢l 1'$C 9°¢l 81 € 8 € 0¢'1 06°0 0¢'1 1'C ST 9¢C LL
'S L€l L'vC LTl 81 S €1 ¥ 0¢'1 06°0 051 1'C ST 94 9L
L°0S [y e 0°€l 81 L 0¢ 9 0yl 06°0 09'1 4 ST L9 SL
At Sel L'vC el 81 L 0¢ 9 0yl 06°0 09'1 1'C ST 99 L
018 0°¢l 0'SC 0°€l 81 S Sl S 0yl 06°0 0yl 1'C ST 34 €L
9'09 6'Cl 8'%C 671 81 8 ¥C L 0yl 06°0 09'1 1'C ST 6L (a8
¥'8Y 1’2l [444 1’1 81 4! (U4 6 05’1 06°0 00T 1'C ST Sel 1L

10011 1030821 Juey 01} 1030821 Jyuey 001} 1030821 Jyuey () () Q\mEv

B30 1 | 91q01B3UY | 91qOIBIUY | uonEOWIPOg 91qOIBAUY | 91qOIBAUY [uoneiuswnpog| 91qOIRIUY | JIOIBIUY |uonejuowpog Jouuy pcilile)

Syrewoy (1) IIH pdeg JoquInN (w) i5ua] IPIA | 1o1emarse

SuoW).1edwod Jo 9ZIS
(2/7) (S/4 314) uonewnss 350 L'TPIIqeL

223

| Co., Ltd.

lonal

ineering Internati

CTI Eng

IDEA Consultants, Inc.



The Study on Improvement of

Data Book Water Environment in Vientiane City,
Final Report Lao People’s Democratic Republic
Table 4.2.8 Summary of Cost estimation (Pre F/S)
Summary of Construction Cost
Treatment |Interceptor |[Control  |Total Remarks
plant box

Direct cost

T1 177,185 6,000 520 | 183,705

T2 111,715 15,600 780 | 128,095

T3 72,640 12,000 780 85,420

T4 96,430 10,800 7151 107,945

T5 96,430 10,800 715 107,945

T6 65,040 6,000 455 71,495

T7 43,495 21,000 1,170 65,665

T8 119,320 3,600 390 | 123,310

Others 111,715 0 0f 111,715

Total 893,970 85,800 5,525 | 985,295

Indirect cost 30% of direct cost 295,590

Grand total 1,280,885

For Alternative 2

Total of T2-T8 (pop 1,662 person) direct 689,875

total including 30% indirect 896,840
224 CTI Engineering International Co., Ltd.
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