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(1) Hydraulic Analysis 
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Hydraulic analysis conditions 

Item Condition Comments 

Calculation Hazen Williams Equation 
H=10.666×C-1.85×D-4.87×Q1.85×L 

 

H:  Friction Loss (m)  
C:  Pipe Roughness Coefficient (C value)  
D:  Internal Diameter (m)  
Q:  Flow Rate (m3/s)  
L:  Pipe Length (m)  

C Value  110 JWWA (2012) Design Criteria for Waterworks 

Facilities 

Water demand Day maximum Lao standard: (MPWT (2009) Management 

and Technical Guidelines Water Supply) 

 

General Map for hydraulic calculation 

 
 

  



 

A7 - 1 - 3 
 

Map (Enlarged View 1/5) 
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Map (Enlarged View 2/5) 
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Map (Enlarged View 3/5) 
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Map (Enlarged View 4/5) 
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Map (Enlarged View 5/5) 
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Node data 

 

Node ID Elevation (m) Demand (m3/d) Head (m) Pressure (m)
1 260.1 0 286.76 26.6
2 314.6 0 - -
3 314.6 0 - -
4 396.6 0 - -
5 262.3 0 294.37 32.1
6 298.6 0 368.25 69.6
7 294.6 0 - -
8 294.7 0 295.67 1.0

10 270.0 334 297.37 27.3
16 261.9 334 297.79 35.8
17 281.8 334 298.58 16.8
18 262.3 334 298.56 36.2
19 262.3 0 294.56 32.3
23 288.8 0 307.74 19.0
24 289.8 0 372.20 82.4
25 304.6 0 - -
27 350.0 0 - -
28 311.8 0 - -
29 289.8 0 311.62 21.8
31 275.5 0 304.05 28.6
33 263.2 0 304.05 40.8
34 261.6 0 304.05 42.4
35 259.5 0 304.05 44.6
36 259.3 0 286.48 27.2
37 260.1 0 296.32 36.3
38 258.5 0 296.60 38.1
39 289.8 376 311.71 21.9
40 267.0 133 307.35 40.3
41 267.2 0 292.82 25.6
42 285.3 0 292.28 7.0
43 276.2 0 292.10 15.9
44 276.2 0 292.08 15.9
45 280.3 131 292.07 11.8
46 264.6 131 289.47 24.9
47 264.6 131 288.62 24.0
48 276.2 131 292.04 15.8
49 274.6 131 292.05 17.4
51 260.5 0 316.12 55.7
52 260.5 50 314.54 54.1
53 260.5 100 313.54 53.1
58 268.7 62 311.17 42.5
59 281.4 62 310.93 29.5
60 268.7 62 311.04 42.4
61 268.7 62 310.37 41.7
62 268.7 62 309.88 41.2
63 279.4 62 309.60 30.2
64 268.7 62 30936 40.7
65 279.4 62 306.33 26.9
66 279.4 62 306.47 27.0
67 279.4 62 305.78 26.4
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Node ID Elevation (m) Demand (m3/d) Head (m) Pressure (m)
68 272.0 0 310.86 38.9
69 289.9 80 309.59 19.7
70 289.9 100 309.15 19.2
71 289.9 0 309.58 19.7
72 289.9 50 309.46 19.5
73 305.5 0 366.71 61.2
74 314.6 50 365.51 50.9
75 324.6 100 364.62 40.0
76 324.6 100 363.77 39.2
78 261.9 0 293.50 31.6
79 261.9 0 293.78 31.8
80 264.5 200 302.24 37.8
84 315.2 370.26 55.1
99 259.7 0 295.25 35.6

101 261.2 137 286.48 25.3
102 261.1 137 286.48 25.4
103 262.0 137 286.51 24.5
104 260.6 137 286.53 25.9
105 260.1 137 286.76 26.6
106 255.2 137 286.62 31.4
107 259.3 137 286.53 27.2
108 260.3 137 286.52 26.2
109 259.2 137 286.50 27.3
110 255.1 137 286.60 31.5
111 256.5 137 286.53 30.0
112 256.9 137 286.50 29.6
113 259.3 137 286.48 27.2
117 265.2 0 295.92 30.8
119 265.2 0 295.91 30.7
140 272.8 191 302.81 30.0
141 266.3 0 294.60 28.3
201 261.3 137 286.78 25.5
202 261.5 137 286.87 25.4
203 260.7 159 287.15 26.5
204 256.2 137 286.93 30.7
205 263.3 237 287.62 24.3
208 258.7 137 286.67 28.0
209 256.8 137 286.83 30.0
210 257.3 137 286.67 29.3
211 258.0 159 286.94 28.9
212 260.4 137 286.86 26.5
301 256.9 159 287.03 30.2
302 262.5 159 287.14 24.7
303 262.5 159 287.08 24.6
304 261.0 114 286.97 26.0
305 260.7 114 286.96 26.3
306 261.4 215 286.85 25.4
307 260.4 78 287.11 26.7
308 260.0 78 287.46 27.5
309 261.0 78 287.56 26.6
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Node ID Elevation (m) Demand (m3/d) Head (m) Pressure (m)
310 263.3 237 288.30 25.0
313 261.0 114 286.98 26.0
314 258.6 114 286.77 28.2
333 324.6 0 - -
401 258.8 133 295.06 36.2
402 259.7 133 295.08 35.4
403 263.7 133 295.11 31.4
404 260.4 215 299.17 38.8
405 259.7 215 295.07 35.4
501 260.6 133 295.26 34.7
503 259.3 133 295.25 36.0
504 264.1 237 290.06 26.0
505 264.1 237 288.83 24.7
508 256.9 237 289.94 33.1
516 264.1 0 290.20 26.1
517 264.6 0 290.20 25.6
602 258.3 191 294.55 36.2
603 258.1 223 296.11 38.0
604 257.9 215 296.80 38.9
605 258.5 191 296.70 38.2
606 260.1 215 296.32 36.3
607 259.4 191 294.55 35.1
608 255.8 191 295.11 39.3
609 258.5 191 296.60 38.1
610 258.5 191 296.21 37.7
611 260.4 191 294.60 34.2
612 256.8 191 295.16 38.4
613 258.3 191 292.51 34.2
614 260.4 191 293.83 33.4
615 258.3 191 292.04 33.7
616 258.5 191 295.54 37.0
617 258.5 191 296.84 38.3
618 260.4 191 294.63 34.2
619 260.3 191 295.49 35.2
620 255.8 191 295.29 39.5
701 260.4 215 299.48 39.1
702 261.6 235 303.58 41.9
704 259.5 191 299.31 39.8
801 259.5 235 303.58 44.1
802 263.7 235 295.25 31.6
807 264.8 235 295.17 30.4
808 261.9 133 295.28 33.4
809 260.4 235 292.73 32.4
810 260.4 235 296.02 35.6
811 258.0 235 296.00 38.0
812 260.5 235 296.01 35.5
813 264.2 313 296.05 31.9
814 264.5 313 295.60 31.1
815 261.4 133 295.24 33.9
816 273.5 334 295.38 21.9
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Node ID Elevation (m) Demand (m3/d) Head (m) Pressure (m)
817 259.2 133 295.35 36.2
818 260.6 133 295.28 34.7
819 265.2 133 295.15 29.9
820 260.7 133 295.64 35.0
821 263.2 235 303.84 40.6
822 272.3 313 304.39 32.1
823 284.5 113 304.39 19.9
824 272.4 334 296.66 24.3
825 274.4 0 299.38 25.0
826 261.9 0 300.78 38.9
827 261.5 520 300.70 39.2
828 269.3 0 314.78 45.5
829 261.9 0 301.01 39.1
833 261.9 235 295.27 33.4
834 258.0 0 292.55 34.6
835 261.9 0 291.47 29.6
836 275.5 313 304.64 29.1
901 260.8 85 294.10 33.3
902 261.7 4306 294.56 32.8
903 261.1 0 296.98 35.9
904 265.7 0 296.98 31.3
905 263.1 0 296.98 33.9
906 260.8 85 294.03 33.2
907 262.3 85 293.76 31.4
908 262.3 85 293.71 31.4
909 256.8 85 293.63 36.9
910 260.0 85 293.52 33.5
911 267.1 85 293.30 26.2
912 267.1 85 293.22 26.2
913 267.1 85 293.20 26.1
914 260.6 85 293.19 32.6
915 260.6 85 293.19 32.6
916 262.0 0 263.20 31.2
917 261.6 0 293.26 31.7
918 261.7 0 293.62 31.9
919 261.5 0 293.81 32.3
920 261.5 0 293.91 32.4
921 260.5 0 294.16 33.6
922 261.3 1000 294.68 33.4
924 261.2 142 301.3 40.0
925 263.8 0 301.3 37.4
928 273.7 3195 296.06 22.5
929 272.0 1688 301.31 29.3
930 283.1 203 297.25 14.2
931 269.5 155 295.01 25.5
932 268.0 155 294.74 26.8
933 276.7 157 293.88 17.2
934 267.2 155 293.13 25.9
935 267.2 279 292.97 25.7

1001 260.6 1337 290.76 30.2
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Node ID Elevation (m) Demand (m3/d) Head (m) Pressure (m)
1002 258.0 1337 289.18 31.2
1003 261.5 80 289.10 27.6
1004 260.5 80 288.17 27.7
1005 258.8 1337 288.85 30.0
1006 264.1 80 289.09 25.0
1007 259.0 482 282.89 23.9
1008 269.6 0 289.09 19.5
2000 268.1 414 324.4 56.2
2001 258.8 414 324.3 65.5
2002 256.9 414 324.3 67.3
2003 301.7 473 323.0 21.3
2004 298.6 0 320.9 22.2
2005 284.6 473 319.6 35.0
2006 264.1 767 317.5 53.4
2007 256.7 460 316.1 59.4
2008 260.1 460 314.9 54.8
2009 261.4 460 314.3 52.9
2011 261.5 0 317.5 55.9
2012 261.7 383.5 317.0 55.3
2013 260.5 383.5 316.9 56.4
2014 260.5 0 316.9 56.4
2015 261.1 0 294.57 33.5
2016 266.3 0 294.60 28.3
2017 263.8 0 302.83 39.0
2018 262.2 0 295.85 33.7
3001 259.0 0 286.49 27.5
3002 255.8 0 286.52 30.7
3003 255.2 0 287.02 31.8
3004 254.6 0 286.49 31.9
3005 256.8 0 286.48 29.7
3008 258.9 0 301.90 43.0
3009 265.2 133 295.26 30.0
3010 264.8 0 295.27 30.5

 2010_57 264.0 0 313.1 49.1
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Link data 

 

Pipe ID Node start Node end Length (m) Diameter (mm) C value Status Flow(m3/day) Velocity (m/s)
0 924 925 520.4 200 110 Open  0 0
1 333 2000 1119.3 300 110 Open  1,242 0.2
2 2000 2001 636.6 300 110 Open  828 0.14
3 2001 2002 728.3 300 110 Open  414 0.07
4 333 2003 528.6 300 110 Open  4,860 0.8
5 2003 2004 870 300 110 Open  4,387 0.72
6 2004 2005 506.5 300 110 Open  4,387 0.72
7 2005 2006 1026.1 300 110 Open  3,914 0.64
8 2006 2007 271.8 200 110 Open  2,230 0.82
9 2007 2008 356.6 200 110 Open  1,770 0.65

10 2008 2009 352 200 110 Open  1,310 0.48
11 2009 2010_57    1380.6 200 110 Open  850 0.31
12 2006 2011 469.8 300 110 Open  917 0.15
13 2011 2012 471.2 200 110 Open  917 0.34
14 2012 2013 347.8 200 110 Open  534 0.2
15 2013 2014 275.3 200 110 Open  0 0
16 28 40 1161.4 400 120 Open  13,158 1.21
17 40 2017 1317.8 300 110 Open  5,214 0.85
18 2017 924 457.4 300 110 Open  5,214 0.85
19 924 903 1310.8 300 110 Open  5,072 0.83
20 903 904 338.5 200 110 Open  0 0
21 904 905 351.7 200 110 Open  0 0
22 903 902 739.3 300 110 Open  5,072 0.83
23 902 2015 199.1 150 110 Open  -58 0.04
24 902 19 595 200 110 Open  0 0
25 902 5 237.5 200 110 Open  824 0.3
26 5 901 330.5 200 110 Open  824 0.3
27 2015 141 1455.6 150 110 Open  -58 0.04
28 141 2016 246.5 150 110 Open  0 0
29 141 922 3141.3 150 110 Open  -58 0.04
30 922 2018 755.4 200 110 Open  -1,169 0.43
31 2018 928 582.9 250 110 Open  -1,169 0.28
32 928 930 442.2 300 110 Open  -4,364 0.71
33 40 929 977.9 300 120 Open  7,811 1.28
34 929 930 1030.6 300 120 Open  6,123 1
35 930 931 995.3 200 120 Open  1,556 0.57
36 931 932 171.7 200 130 Open  1,401 0.52
37 932 933 580.5 200 120 Open  1,246 0.46
38 933 934 640.6 200 120 Open  1,089 0.4
39 934 935 182.6 200 120 Open  934 0.34
40 901 906 111.5 200 110 Open  739 0.27
41 906 907 507.1 200 110 Open  654 0.24
42 907 908 112.8 200 110 Open  569 0.21
43 908 909 278.4 200 110 Open  484 0.18
44 909 910 501.7 200 110 Open  399 0.15
45 910 911 394.4 150 110 Open  314 0.21
46 911 912 273.9 150 110 Open  229 0.15
47 912 913 183 150 110 Open  144 0.09
48 913 914 300 150 110 Open  59 0.04
49 914 915 194.5 150 110 Open  -26 0.02
50 915 916 177.6 150 110 Open  -111 0.07
51 916 917 633.3 150 110 Open  -111 0.07
52 917 918 622.7 100 110 Open  -111 0.16
53 918 919 320.3 100 110 Open  -111 0.16
54 919 920 181.7 100 110 Open  -111 0.16
55 920 921 420 100 110 Open  -111 0.16
56 921 922 888.6 100 110 Open  -111 0.16
57 3005 101 126.7 150 110 Open  22 0.01
58 101 3004 77.2 150 110 Open  -96 0.06
59 3004 3001 102.8 150 110 Open  41 0.03



 

A7 - 1 - 14 
 

 

Pipe ID Node start Node end Length (m) Diameter (mm) C value Status Flow(m3/day) Velocity (m/s)
60 3005 3001 231.8 150 110 Open  -41 0.03
61 113 3005 157 150 110 Open  -18 0.01
62 3002 3004 288.8 150 110 Open  136 0.09
63 102 101 124 150 110 Open  19 0.01
64 113 102 169.6 150 110 Open  -14 0.01
65 103 3002 62.1 200 110 Open  -316 0.12
66 103 102 167.4 150 110 Open  170 0.11
67 112 113 170.9 150 110 Open  105 0.07
68 112 109 68.1 150 110 Open  -107 0.07
69 109 103 120.7 150 110 Open  -127 0.08
70 111 112 266 150 110 Open  135 0.09
71 111 107 58.9 150 110 Open  -17 0.01
72 107 108 112.6 150 110 Open  131 0.09
73 108 109 153.5 150 110 Open  117 0.08
74 108 104 131.7 150 110 Open  -123 0.08
75 104 103 154.6 150 110 Open  118 0.08
76 3003 3002 461.8 150 110 Open  452 0.3
77 105 104 303.4 150 110 Open  378 0.25
78 110 111 206.7 150 110 Open  255 0.17
79 106 107 198.1 150 110 Open  285 0.19
80 110 106 69.5 150 110 Open  -182 0.12
81 105 106 155 150 110 Open  418 0.27
82 3003 105 92.8 150 110 Open  754 0.49
83 301 204 374.9 150 110 Open  217 0.14
84 204 209 272.2 150 110 Open  252 0.16
85 209 210 221.3 150 110 Open  352 0.23
86 210 110 266.3 150 110 Open  210 0.14
87 210 208 36.4 150 110 Open  5 0
88 208 106 267.2 150 110 Open  186 0.12
89 204 211 88.8 150 110 Open  -172 0.11
90 211 212 276.9 150 110 Open  229 0.15
91 209 212 95.1 150 110 Open  -237 0.15
92 208 201 181.9 150 110 Open  -318 0.21
93 212 202 133.5 150 110 Open  -145 0.1
94 211 203 129.2 150 110 Open  -559 0.37
95 301 302 144.3 150 110 Open  -376 0.25
96 302 303 130.6 200 110 Open  631 0.23
97 303 313 265.3 200 110 Open  527 0.19
98 313 304 77.2 200 110 Open  342 0.13
99 314 304 109.1 80 110 Open  -114 0.26

100 313 306 172.7 80 110 Open  71 0.16
101 303 307 190.6 100 110 Open  -55 0.08
102 307 308 112.3 100 110 Open  -277 0.41
103 306 307 271.5 100 110 Open  -144 0.21
104 306 606 338.8 80 110 Closed 0 0
105 308 820 224.6 100 110 Closed 0 0
106 308 309 134.9 150 110 Open  -355 0.23
107 302 309 328.4 200 110 Open  -1,044 0.38
108 309 817 236 100 110 Closed 0 0
109 202 203 278.6 200 110 Open  -916 0.34
110 201 202 192.9 200 110 Open  -634 0.23
111 203 205 142.5 200 110 Open  -1,756 0.65
112 302 203 343.9 200 110 Open  -122 0.04
113 205 310 161.7 200 110 Open  -1,993 0.73
114 310 505 119.8 250 110 Open  -3,707 0.87
115 505 504 247.3 250 110 Open  -3,944 0.93
116 504 508 50.6 100 110 Open  237 0.35
120 517 516 76 350 110 Open  0 0
121 516 504 23.7 250 110 Open  4,418 1.04
122 516 3003 475.6 150 110 Open  1,207 0.79
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Pipe ID Node start Node end Length (m) Diameter (mm) C value Status Flow(m3/day) Velocity (m/s)
123 504 503 263.1 250 110 Closed 0 0
124 516 835 678.5 350 110 Open  -5,625 0.68
125 503 501 256.4 200 110 Open  -151 0.06
126 808 818 123.5 250 110 Open  133 0.03
127 501 833 163.6 200 110 Open  -284 0.1
128 833 808 24.4 250 110 Open  -1,040 0.25
129 833 809 368.5 80 110 Open  235 0.54
130 808 810 221.6 200 110 Open  -1,761 0.65
131 835 834 576.6 350 110 Open  -5,625 0.68
132 833 807 215.1 150 110 Open  286 0.19
133 808 3010 209.2 250 110 Open  455 0.11
134 807 819 193.3 150 110 Open  126 0.08
135 503 99 130.4 250 110 Open  18 0
136 310 815 267.8 200 110 Closed 0 0
140 817 402 135.2 100 110 Open  213 0.31
141 817 815 282.7 150 110 Open  248 0.16
142 309 310 308.9 200 110 Open  -1,477 0.54
143 820 817 163.8 150 110 Open  594 0.39
144 820 405 122.8 80 110 Open  189 0.43
145 405 402 207.8 100 110 Open  -26 0.04
146 402 401 125 100 110 Open  54 0.08
147 401 403 135.9 100 110 Open  -79 0.12
148 403 819 182.5 150 110 Open  -212 0.14
149 3009 802 181.5 250 110 Open  235 0.06
150 819 815 318.5 150 110 Open  -219 0.14
151 810 17 526.8 200 110 Open  -2,164 0.8
152 810 811 448.6 200 110 Open  169 0.06
153 811 812 182 200 110 Open  -141 0.05
154 812 813 244 200 110 Open  -376 0.14
155 813 814 115.3 100 110 Open  313 0.46
156 813 824 523.1 200 110 Open  -1,002 0.37
157 824 816 288 100 110 Open  334 0.49
158 824 10 461.2 200 110 Open  -1,162 0.43
159 824 16 834.3 150 110 Open  -508 0.33
160 10 16 504.3 250 110 Open  -1,496 0.35
161 16 17 418.6 250 110 Open  -2,338 0.55
162 17 18 325.4 250 110 Open  334 0.08
163 17 825 502.1 350 110 Open  -5,170 0.62
164 825 826 878.5 350 110 Open  -5,170 0.62
165 826 829 141.4 350 110 Open  -5,170 0.62
166 829 827 222.6 150 110 Open  520 0.34
167 25 3008 1424.4 350 110 Open  5,690 0.68
168 3008 829 469 350 110 Open  5,690 0.68
169 2 828 103.2 350 110 Open  6,000 0.72
170 828 27 3021.8 350 110 Open  6,000 0.72
171 2 8 2500.8 250 110 Open  5,000 1.18
172 7 79 449.1 350 110 Open  5,625 0.68
173 834 78 508.4 350 110 Open  -5,625 0.68
174 78 79 153 350 110 Open  -5,625 0.68
175 4 24 3504.4 200 110 Open  2,629 0.97
176 24 84 609.2 300 110 Open  5,000 0.82
178 1005 1007 676.9 100 110 Open  482 0.71
179 1005 1002 766.1 150 110 Open  -276 0.18
180 1002 1003 1035.1 200 110 Open  240 0.09
181 1003 1004 993.7 80 110 Open  80 0.18
182 1003 1006 453.1 200 110 Open  80 0.03
183 1006 1008 667.4 100 110 Open  0 0
184 3 39 556.2 350 110 Open  9,807 1.18
185 3 29 517.2 200 110 Open  2,383 0.88
186 39 836 1456.1 350 110 Open  9,431 1.13
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Pipe ID Node start Node end Length (m) Diameter (mm) C value Status Flow(m3/day) Velocity (m/s)
187 836 822 184.7 350 110 Open  4,687 0.56
188 822 823 382.2 150 110 Open  12 0.01
189 23 823 911.4 100 110 Open  301 0.44
190 836 140 296.1 250 110 Open  4,430 1.04
191 140 1005 1323.9 150 110 Open  1,543 1.01
192 140 619 1029.2 250 110 Open  4,779 1.13
193 822 821 469.3 350 110 Open  4,362 0.52
194 821 702 303.3 300 110 Open  2,467 0.4
195 821 704 375.3 150 110 Open  1,660 1.09
196 704 701 235.9 80 110 Open  -68 0.16
197 702 801 129.5 250 110 Open  235 0.06
198 701 404 153.1 100 110 Open  215 0.32
199 404 401 492.8 100 110 Closed 0 0
200 801 802 555.1 250 110 Closed 0 0
201 701 702 241.7 150 110 Open  -1,997 1.31
202 704 617 236.3 150 110 Open  1,537 1.01
203 701 604 267.7 150 110 Open  1,499 0.98
204 604 606 329.5 200 110 Open  1,131 0.42
205 603 604 383.3 150 110 Open  -594 0.39
206 305 603 252.5 200 110 Closed 0 0
207 305 304 356.8 200 110 Open  -114 0.04
208 607 305 164.5 200 110 Closed 0 0
209 607 608 242 80 110 Open  -130 0.3
210 608 620 43.6 100 110 Open  -321 0.47
211 620 603 151.7 100 110 Open  -371 0.55
212 620 616 279.7 100 110 Open  -141 0.21
213 616 610 151.7 100 110 Open  -332 0.49
214 610 605 46.9 100 110 Open  -523 0.77
215 605 617 36.2 150 110 Open  -905 0.59
216 617 604 141.1 200 110 Open  441 0.16
217 605 609 58.1 100 110 Open  191 0.28
218 619 612 309.6 150 110 Open  453 0.3
219 602 612 213 100 110 Open  -262 0.39
220 615 613 99.6 80 110 Open  -191 0.44
221 613 602 119.9 80 110 Open  -382 0.88
222 602 607 229.9 200 110 Open  61 0.02
223 611 602 264.5 200 110 Open  371 0.14
224 614 611 162.7 80 110 Open  -191 0.44
225 618 611 41.4 200 110 Open  753 0.28
226 618 619 159.7 250 110 Open  -4,135 0.97
227 1001 618 388 200 110 Open  -3,190 1.18
228 1002 1001 431.6 200 110 Open  -1,853 0.68
229 823 80 1245.4 100 110 Open  200 0.29
230 29 23 667.5 200 110 Open  2,383 0.88
231 23 31 815 200 110 Open  2,082 0.77
232 31 33 646.8 150 110 Open  0 0
233 33 34 301.6 150 110 Open  0 0
234 34 35 122 150 110 Open  0 0
235 31 140 274.6 200 110 Open  2,082 0.77
236 609 38 5.4 80 110 Open  0 0
237 113 36 65.9 80 110 Open  0 0
238 606 37 39.5 80 110 Open  0 0
239 201 105 286.4 200 110 Open  178 0.07
240 606 820 169.6 150 110 Open  916 0.6
241 4 24 3525.8 200 110 Open  2,621 0.97
242 935 41 342.3 200 120 Open  655 0.24
243 41 42 1016.5 200 110 Open  655 0.24
244 42 43 511.1 200 110 Open  524 0.19
245 43 44 220.9 200 110 Open  262 0.1
246 44 45 300.5 200 110 Open  131 0.05
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Pipe ID Node start Node end Length (m) Diameter (mm) C value Status Flow(m3/day) Velocity (m/s)
247 42 49 287.3 100 110 Open  131 0.19
248 43 46 552.8 90 110 Open  262 0.48
249 46 47 641.8 90 110 Open  131 0.24
250 44 48 348.4 150 110 Open  131 0.09
252 73 74 460.45 100 110 Open  250 0.37
253 74 75 511.13 100 110 Open  200 0.29
254 75 76 601 80 110 Open  100 0.23
255 2013 51 732.4 100 110 Open  150 0.22
256 51 53 184.3 50 110 Open  100 0.59
257 51 52 405.4 50 110 Open  50 0.29
258 2010_57 68 984.2 100 110 Open  230 0.34
259 68 69 567.7 100 110 Open  230 0.34
260 69 70 312.1 80 110 Open  100 0.23
261 69 71 34 80 110 Open  50 0.12
262 71 72 303.9 80 110 Open  50 0.12
263 2010_57 58 971.3 150 110 Open  620 0.41
264 58 60 100.6 150 110 Open  496 0.32
265 60 61 116.6 50 110 Open  62 0.37
266 60 62 212.2 100 110 Open  372 0.55
267 62 64 34 50 110 Open  105 0.62
268 63 62 156.8 100 110 Open  -205 0.3
269 63 64 151.5 50 110 Open  31 0.18
270 66 63 181.1 50 110 Open  -112 0.66
271 66 65 36.4 50 110 Open  50 0.29
272 65 67 95.9 50 110 Open  62 0.37
273 65 64 378.3 50 110 Open  -74 0.44
274 58 59 411.8 80 110 Open  62 0.14
275 99 3010 367.6 150 110 Open  -87 0.06
276 811 117 280.8 100 110 Open  75 0.11
277 117 119 49.7 100 110 Open  75 0.11
278 119 807 882.4 80 110 Open  75 0.17
279 3010 3009 123.8 250 110 Open  368 0.09
280 99 815 237.5 250 110 Open  105 0.02
117 105 1 0.1 65 110 Open  0 0
118 73 6 590 100 110 Open  -250 0.37
119 24 6 1511.52 100 110 Open  250 0.37
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(2) Surge Analysis 
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Study Target: From Namkhan WTP to New Reservoir 
Result: Shown in following Figure 

 

Figure  Result of surge analysis 
 

・ In case of no countermeasures (red line in the above figure), negative pressure which is under -10 
m will happen by sudden stop of transmission pump. The negative pressure under -10 m causes 
water column separation. 

・ The application of flywheel to the transmission pump soften the negative pressure (blue line in 
the above figure) and the minimum pressure will be about -5 m. Therefore, the water column 
separation will not be happened by application of flywheel. 
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(3) Calculations for Wastewater Treatment Facilities 
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3-1) Capacity of wastewater treatment facility 
Each of capacity for wastewater treatment facility is shown in the following table. 
 

Table  Capacity of wastewater treatment facility 
Item Capacity Facility Plan 

Wastewater 
basin 

320m3 
（160×2） 

The volume of wastewash water is 40 m3 per time for one filter (Total 8 
filters are operated). Filter will be washed every 48 hours. 4 times of 
washing per day are required. Therefore, capacity of 160 m3 is required 
for one day. 
In order to drain supernatant, capacity for 2 days are considered. 

Sludge 
Basin 

130m3 
（65×2） 

The capacity for the sludge is calculated from amount of water treatment 
and turbidity. The calculation sheet is shown below. Based on the 
calculation, the capacity of 65 m3 is required for one day. In order to 
match the wastewater basin, capacity for 2 days is considered. 

Lagoon 324m3 
（40.5×8） 

The capacity for the lagoon is calculated from amount of water treatment 
and turbidity. The required capacity is 324 m3. The calculation sheet is 
shown below. 
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Calculation of capacity for Sludge basin 

 

Dry Sludge Mass Balance in Namkhan WTP 

1. Total Dry Slduge

 1) Treatment Volume Q = 125 l/s 10,800 m3/d

 2) Turbidity Tmax = 1,000
Tave = 50
T mini = 10

 3) PAC Dosage Dmax = 40
Dave = 10
Dmin = 2.5

 4) Sludge Factor, Tu to Dry Sludge 1

5) Dry Sludge

Dry Sludge Max DS max = 10,800*(1000*1.0+40*(156/102))*10^-6 = 11.46 t/d

Dry Sludge Ave DS ave = 10,800*(50*1.0+10*(156/102))*10^-6= 0.705176 t/d

Dry Sludge Min DS ave = 10,800*(10*1.0 +2.5*(156/102))*10^-6= 0.149294 t/d

2 Turbidity of Settled Water and Filtered Water

Settled water turbidity is determined as 5 NTU

Filtered water turbidity is determined as 1 NTU

3 Sludge Extraction from Sedimentation Basin

3.1 Dry Sludge Weight, DSS extracted from sedimentation basin

DSS max is Dｓ　max x (1000-5)/1000 = 11.4034 t/d

DSS ave is Ds ave x (50-5)/125 = 0.63466 t/d

DSS miｎ is Ds　miｎ x (10-5)/10 0.07465 t/d

3.2 Sludge volume, SV Stored in Pits (from Pit A) of Sedimentation Basin

Concentration of sludge extracted from sedimentation basin is estimated as 

Concentration of sludge based on SV is 4 %

SV max is DSS max (100/4) 285.085 m3/d

SV deave is DSS ave x (100/4) 15.8665 m3/d

SV min is DSS min x (100/4) 1 .86618 m3/d
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Calculation of capacity for Lagoon 

 

 
3-2) Disposal of Dry Sludge  
3-2-1) Moisture Content of Drying Sludge 
Required moisture content for disposal of dry sludge is not defined in Lao PDR1. The waste disposal 
law in Japan requires to make moisture content under 85% for disposal of dry sludge. 
The study is carried out if the planned lagoon could make the moisture content under 85%. 
3-2-2) Estimation of Moisture Content of Dry Sludge 

                                                        
1 Regulation on industrial waste discharge (No.180/ Ministry of Industry and Handicraft, 
1994) 

3.3 Sludge Volume Extracted from Sedimentation Basin (from Pit) , SVE 

a. Sludge Volume
Concentration of sludge based on SV is 1.5 %

SVE max is DSS max (100/1.5) 760.227 m3/d
SVE ave is DSS ave x (100/1.5) 42 .3106 m3/d
SVE min is DSS min x (100/1.5) 4 .97647 m3/d

b. Sludge Basin Capacity

Considering settling veloc ity of sludge from sedimentation basin ; 1 hour,
detention time of sludge basin is desinged to have 1 hours with having
allowance of 50%. Thus, capacity of sludge basin , Vsb is

Vsb = SVE max. x 1 .0/24 = 63.3522 m3
Say 65 m3

Amount of Solid and Required Size of Sludge Lagoon
Item Value Unit Remarks

① Water treatment capacity 10,800 m3/day
② Raw water turbidity 49 NTU Average (2017)
③ PAC dosage rate in average 10 mg/L
④ SS conversion factor 1.0 mg/L/NTU
⑤ Dry solid 0.55 t/day
⑥ Concentration of thickened sludge 5 ％ Expected water content: 95%
⑦ Amount of thickened sludge 11 m3/day
⑧ Amount of thickened sludge 3,906 m3/year
⑨ Depth of sludge feeding 1 m

⑩ Turnover of sludge lagoon usage 12 time/year
⑪ Required area 324 m2

⑤＝①×（②×④＋③×0.15×156/102）×10-6 ｔ/Daｙ

0.15：Content of Al2O3　in　Alum
156：Molecular weight　of　2Al(OH)3
102：Molecular weight of Al2O3
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＜Estimation Condition＞ 
Sludge Loading: 50kg/m2 
Moisture Content: 95% (beginning at lagoon) 
Relation of moisture content and necessary days for drying is shown in following table. 
 

Table  Relation between moisture content and necessary days in drying sludge 
Moisture content Necessary days Remarks 

50％ Approx. 70 days Sludge loading: 50kg/m2 
Initial moisture content: 95% 

60％ Approx. 55 days 〃 
70％ Approx. 26 days 〃 
80％ Approx. 11days 〃 

Source: Based on Japan Water Research Center (2010) Guideline of Water Treatment Technology 
 

11 days are required to make moisture content under 85%. 
The study is carried out to estimate the maximum days for drying sludge by the lagoon. 

 
Table  Conditions to estimate the maximum days for drying sludge 

Item Condition Remarks  
Number of room 8   
Volume of one room 40.5m3 9m×4.5m×1m 
Total volume of lagoon 324m3 40.5m3 × 8 

rooms 
Operation method of 
lagoon 

Sludge is transferred to 4 rooms out of 8. The 
remaining 4 rooms are used for drying sludge. 

 

Solids content 0.55 ton/day  
 

Solids content per one day is 0.55 ton. Sludge volume in each moisture content is shown in the 
following table. 
 

Table  Sludge weight and volume in each moisture content  
Moisture content Sludge weight Sludge volume Necessary days 

50％ 2Ws＝1.10 t/day 0.92 m3/day Approx. 70 days 
60％ 2.5Ws＝1.38 t/day 1.15 m3/day Approx. 55 days 
70％ 3.33Ws＝1.83 t/day 1.53 m3/day Approx. 26 days 
80％ 5Ws＝2.75 t/day 2.29 m3/day Approx. 11 days 
85％ 6.67Ws＝3.67 t/day 3.06 m3/day Approx. 5-10 days 
95％ 20Ws＝11.0 t/day 9.17m3/day 0 day 
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＜Estimation Result of Moisture Content＞ 
The study is carried out to estimate the maximum days for drying sludge by the lagoon. 
The result to estimate the maximum days for drying sludge is shown in the next page.  
Based on the result, 38 days will be assured for drying sludge. The 38 days makes moisture content 
under 70%. 

 

 

Effective volume per 1 pond 40.5 m3

Sludge Quantity （Moisture content 95%） 9.17 m3/day

Days for sludge charging per 1 pond 40.5 ÷ 9.17 = 4.42 days/pond

Breakdown: Days for sludge charging per 1 pond 4.42 days 4.42 days 4.42 days 4.42 days

①Total of days for sludge charging 17.7 days

Settling days of sludge per 1 pond 17.7 - 4.42 = 13.2 days

Change of moisture content 95% → 80%

Dumped sludge volume (moisture content 80%) 2.29 × 4.42 = 10.1 m3

Quantity of sludge charging per 1 pond 40.5 - 10.1 = 30.4 m3

Days for sludge charging per 1 pond 30.4 ÷ 9.17 = 3.31 days/pond

Breakdown: Days for sludge charging per 1 pond 3.31 days 3.31 days 3.31 days 3.31 days

②Total of days for sludge charging 13.3 days

Settling days of sludge per 1 pond 13.3 - 3.31 = 9.94 days

Change of moisture content 95% → 85%

Dumped sludge volume (moisture content 85%) 3.06 × ( 4.42 + 3.31 ) = 23.7 m3

Quantity of sludge charging per 1 pond 40.5 - 23.7 = 16.8 m3

Days for sludge charging per 1 pond 16.8 ÷ 9.17 = 1.84 days/pond

Breakdown: Days for sludge charging per 1 pond 1.84 days 1.84 days 1.84 days 1.84 days

③Total of days for sludge charging 7.35 days

Total days for sludge charging （4ponds：①+②+③） 17.7 + 13.3 + 7.35 = 38.3 days

Total days for sludge charging per 1 pond 4.42 + 3.31 + 1.84 = 9.57 days

Moisture
content: 95%

Moisture
content: 95%

Moisture
content: 95%

Moisture
content: 95%

Moisture
content: 80%

Moisture
content: 80%

Moisture
content: 80%

Moisture
content: 80%

Moisture
content: 95%

Moisture
content: 95%

Moisture
content: 95%

Moisture
content: 95%

Moisture
content: 85%

Moisture
content: 85%

Moisture
content: 85%

Moisture
content: 85%
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Table  List of Outline Design Drawing 

Site Title of Drawings Drawing No. Scale
Pipeline Network General Map for Pipeline Network LPB-P-001 None

Keymap Locations LPB-P-002 None
Pipeline Plan (1) LPB-P-011 1:3000
Pipeline Plan (2) LPB-P-012 1:3000
Pipeline Plan (3) LPB-P-013 1:3000
Pipeline Plan (4) LPB-P-014 1:3000
Pipeline Plan (5) LPB-P-015 1:3000
Pipeline Plan (6) LPB-P-016 1:3000
Pipeline Plan (7) LPB-P-017 1:3000
Pipeline Plan (8) LPB-P-018 1:3000
Pipeline Plan (9) LPB-P-019 1:3000
Pipeline Plan (10) LPB-P-020 1:3000
Pipeline Plan (11) LPB-P-021 1:3000
Pipeline Plan (12) LPB-P-022 1:3000
Pipeline Plan (13) LPB-P-023 1:3000
Pipeline Plan (14) LPB-P-024 1:3000
Pipeline Plan (15) LPB-P-025 1:3000
Pipeline Plan (16) LPB-P-026 1:2500
Pipeline Plan (17) LPB-P-027 1:2000
Pipeline Plan (18) LPB-P-028 1:2000
Pipeline Plan (19) LPB-P-029 1:2000
Pipeline Plan (20) LPB-P-030 1:2000
Pipeline Plan (21) LPB-P-031 1:3000
Pipeline Plan (22) LPB-P-032 1:3000
Pipeline Plan (23) LPB-P-033 1:2500
Pipeline Plan (24) LPB-P-034 1:2500
Pipeline Plan (25) LPB-P-035 1:2500
Pipeline Plan (26) LPB-P-036 1:3000
Pipeline Plan (27) LPB-P-037 1:3000
Pipeline Plan (28) LPB-P-038 1:3000
Typical Drawing for Pipe Laying (1) Earthwork LPB-P-TYP-001 1:200
Typical Drawing for Pipe Laying (2) Sluice Valve LPB-P-TYP-002 1:200
Typical Drawing for Pipe Laying (3) Air Valve LPB-P-TYP-003 1:200
Typical Drawing for Pipe Laying (4) Fire Hydrant LPB-P-TYP-004 1:200
Typical Drawing for Pipe Laying (5) Service Connection LPB-P-TYP-005 None

Water Reservoir General Layout of Water Reservoir Facility LPB-C-R-001 1:250
Ground Reservoir Structure (1) LPB-C-R-002 1:100
Ground Reservoir Structure (2) LPB-C-R-003 1:100
Flow Meter Chamber Structure LPB-C-R-004 1:50
General Plan of Water Riservoir Pipe Installation LPB-C-R-005 1:250
General Layout of Nam Khan Water Treatment Plant LPB-C-W-001 1:500
Recieving and MixingWell Structure (1) LPB-C-W-002 1:50
Recieving and MixingWell Structure (2) LPB-C-W-003 1:50
Flocculation Basin, Sedimentation Basin Structure(1) LPB-C-W-004 1:100
Flocculation Basin, Sedimentation Basin Structure(2) LPB-C-W-005 1:100
Flocculation Basin, Sedimentation Basin Structure(3) LPB-C-W-006 1:100
Flocculation Basin, Sedimentation Basin Structure(4) LPB-C-W-007 1:100, 1:20
WWW Basin and Sludge Basin Structure (1) LPB-C-W-008 1:100
WWW Basin and Sludge Basin Structure (2) LPB-C-W-009 1:100
Lagoon Structure (1) LPB-C-W-010 1:150
Lagoon Structure (2) LPB-C-W-011 1:50
Lagoon Structure (3) LPB-C-W-012 1:50
General Plan of Nam Khan Water Treatment Plant Pipe Installation LPB-C-W-013 1:300
Nam Kham Water Treatment Plant Process Flow Diagram LPB-M-W-01 None
Layout of Raw Water Intake Tower Pump & Sludge Estraction Pump LPB-M-W-02 None
Raw Water Pump & Sludge Drain Pump Pipng Schematic LPB-M-W-03 None
Recieving and Mixing Well Hypo Tank & PAC Feed Piping Detail LPB-M-W-04 None
Layout of Transmission Pump Station LPB-M-W-05 None
Filter Air Scouring Blower Piping Plan LPB-M-W-06 None
Transmission Pump & Air Scouring Blower Pipng Schematic LPB-M-W-07 None
Chemical Building Tank Layout Plan & Section LPB-M-W-08 None
System Configuration Diagram LPB-E-01 None
Single Line Diagram of Equipment for Power Receiving LPB-E-02 None
Single Line Diagram of Raw Water Control Panel and Transmission
Pump Control Panel

LPB-E-03 None

Single Line Daigram of Wash Pump Control Panel LPB-E-04 None
Single Line Daigram of Chemical Feed Control Panel LPB-E-05 None

Nam Khan

Water Treatment Plant -

Civil

Nam Khan

Water Treatment Plant -

Mech.

Nam Khan

Water Treatment Plant -

Elec.

A7-4-2





A7-4-3



A7-4-4



A7-4-5



A7-4-6



A7-4-7



A7-4-8



A7-4-9



A7-4-10



A7-4-11



A7-4-12



A7-4-13



A7-4-14



A7-4-15



A7-4-16



A7-4-17



A7-4-18



A7-4-19



A7-4-20



A7-4-21



A7-4-22



A7-4-23



A7-4-24



A7-4-25



A7-4-26



A7-4-27



A7-4-28



A7-4-29



A7-4-30



A7-4-31



A7-4-32



Ty
pi

ca
l D

ra
w

in
g 

fo
r P

ip
e 

La
yi

ng

PR
EP

AR
AT

O
RY

 S
U

RV
EY

 O
N

 T
H

E 
PR

O
JE

C
T 

FO
R 

EX
PA

N
SI

O
N

 O
F

W
AT

ER
 S

U
PP

LY
 S

YS
TE

M
S 

IN
 L

U
AN

G
 P

RA
BA

N
G

Ty
pi

ca
l D

ra
w

in
g 

fo
r P

ip
e 

La
yi

ng
 (1

)
Ea

rt
hw

or
k

N
IH

O
N

 S
U

ID
O

 C
O

N
SU

LT
AN

TS
 C

O
., 

LT
D

.

M
IN

IS
TR

Y 
O

F 
PU

BL
IC

 W
O

RK
S 

AN
D

 T
RA

N
SP

O
RT

1;
20

0
EX

EI
D

EA
 L

TD
.

LB
P-

P-
TY

P-
00

1

A7-4-33



SL
UI

CE
 V

AL
VE

 IN
ST

AL
LA

TI
ON

SL
UI

CE
 V

AL
VE

 IN
ST

AL
LA

TI
ON

Ty
pi

ca
l D

ra
w

in
g 

fo
r S

lu
ic

e 
V

al
ve

PR
EP

AR
AT

O
RY

 S
U

RV
EY

 O
N

 T
H

E 
PR

O
JE

C
T 

FO
R 

EX
PA

N
SI

O
N

 O
F

W
AT

ER
 S

U
PP

LY
 S

YS
TE

M
S 

IN
 L

U
AN

G
 P

RA
BA

N
G

N
IH

O
N

 S
U

ID
O

 C
O

N
SU

LT
AN

TS
 C

O
., 

LT
D

.

M
IN

IS
TR

Y 
O

F 
PU

BL
IC

 W
O

RK
S 

AN
D

 T
RA

N
SP

O
RT

1;
20

0
EX

EI
D

EA
 L

TD
.

Ty
pi

ca
l D

ra
w

in
g 

fo
r P

ip
e 

La
yi

ng
 (2

)
Sl

ui
ce

 V
al

ve
LB

P-
P-

TY
P-

00
2

A7-4-34



200

Ty
pi

ca
l D

ra
w

in
g 

fo
r A

ir 
V

al
ve

PR
EP

AR
AT

O
RY

 S
U

RV
EY

 O
N

 T
H

E 
PR

O
JE

C
T 

FO
R 

EX
PA

N
SI

O
N

 O
F

W
AT

ER
 S

U
PP

LY
 S

YS
TE

M
S 

IN
 L

U
AN

G
 P

RA
BA

N
G

N
IH

O
N

 S
U

ID
O

 C
O

N
SU

LT
AN

TS
 C

O
., 

LT
D

.

M
IN

IS
TR

Y 
O

F 
PU

BL
IC

 W
O

RK
S 

AN
D

 T
RA

N
SP

O
RT

1;
20

0

LB
P-

P-
TY

P-
00

3

EX
EI

D
EA

 L
TD

.

Ty
pi

ca
l D

ra
w

in
g 

fo
r P

ip
e 

La
yi

ng
 (3

)
Ai

r V
al

ve

A7-4-35



Ty
pi

ca
l D

ra
w

in
g 

fo
r F

ire
 H

yd
ra

nt

PR
EP

AR
AT

O
RY

 S
U

RV
EY

 O
N

 T
H

E 
PR

O
JE

C
T 

FO
R 

EX
PA

N
SI

O
N

 O
F

W
AT

ER
 S

U
PP

LY
 S

YS
TE

M
S 

IN
 L

U
AN

G
 P

RA
BA

N
G

N
IH

O
N

 S
U

ID
O

 C
O

N
SU

LT
AN

TS
 C

O
., 

LT
D

.

M
IN

IS
TR

Y 
O

F 
PU

BL
IC

 W
O

RK
S 

AN
D

 T
RA

N
SP

O
RT

1;
20

0
EX

EI
D

EA
 L

TD
.

A
bo

ve
 g

ro
un

d 
ty

pe

U
nd

er
gr

ou
nd

 ty
pe

LB
P-

P-
TY

P-
00

4
Ty

pi
ca

l D
ra

w
in

g 
fo

r P
ip

e 
La

yi
ng

 (4
)

Fi
re

 H
yd

ra
nt

A7-4-36



M

Ty
pi

ca
l D

ra
w

in
g 

fo
r S

er
vi

ce
 C

on
ne

ct
io

n

PR
EP

AR
AT

O
RY

 S
U

RV
EY

 O
N

 T
H

E 
PR

O
JE

C
T 

FO
R 

EX
PA

N
SI

O
N

 O
F

W
AT

ER
 S

U
PP

LY
 S

YS
TE

M
S 

IN
 L

U
AN

G
 P

RA
BA

N
G

N
IH

O
N

 S
U

ID
O

 C
O

N
SU

LT
AN

TS
 C

O
., 

LT
D

.

M
IN

IS
TR

Y 
O

F 
PU

BL
IC

 W
O

RK
S 

AN
D

 T
RA

N
SP

O
RT

N
on

e
EX

EI
D

EA
 L

TD
.

LB
P-

P-
TY

P-
00

5
Ty

pi
ca

l D
ra

w
in

g 
fo

r P
ip

e 
La

yi
ng

 (5
)

Se
rv

ic
e 

C
on

ne
ct

io
n

A7-4-37



A7-4-38



A7-4-39



A7-4-40



A7-4-41



A7-4-42



A7-4-43



A7-4-44



A7-4-45



A7-4-46



A7-4-47



A7-4-48



A7-4-49



A7-4-50



A7-4-51



A7-4-52



A7-4-53



A7-4-54



A7-4-55



A7-4-56



A7-4-57



A7-4-58



A7-4-59



A7-4-60



A7-4-61



A7-4-62



A7-4-63



A7-4-64



A7-4-65



A7-4-66



A7-4-67



A7-4-68


	Appendices
	7. References
	(1) Hydraulic Analysis
	(2) Surge Analysis
	(3) Calculations for Wastewater Treatment Facilities
	(4) Outline Design Drawing





