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4－4 Appendix 4 Minutes of Discussions & Technical Notes 
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4－5 Appendix 6 Cost Estimation borne by the recipient 

 

1) Land Acquisition (Dhulabari WTP)     3,100 thousand Nrs (Approx. 4.65 million Yen) 

2) Fencing (Dhulabari WTP)       970 thousand Nrs (Approx 1.46 million Yen) 

3) Fencing (Dhulabari Intake)      110 thousand Nrs (Approx 0.17 million Yen) 

4) Installation of Power Transmission Lines (Dhulabari WTP)  800 thousand Nrs (Approx 1.20 million Yen) 

  Total          4,980 thousand Nrs (Approx 7.47 million Yen) 
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4-6-3 Appendix 7-3 Hydraulic Analysis of Networks 

Annex Hydraulic Analysis 

 

1. Dhulabari Water supply System Hydraulic Analysis Result – Raw Water & Treated Water Transmission pipes 

 

1.1. Analysis Criteria 

1.1.1 Flow Rate 
Flow rate for calculation is adopted from the result of demand projection (the daily maximum, 4,200 m3 /day 

in year 2014).  However, water for operational use and loss in the treatment plant such as washing filters, solving 

chemical, contents of water in sludge extracted from sedimentation basin, etc is estimated as 3% of treated water 

volume and added to the nominal capacity of treatment plant.  Therefore the water treatment design flow is 4,320 

m3/day. 

    The Flow is divided into followings based on the request by Nepal side:  

For the existing raw water transmission pipeline: 17 liter per second (1,469 m3/day) 

For the new raw water transmission pipeline: 33 liter per second (2,851 m3/day) 

 

For hydraulic calculation the two pipelines are assumed as a combined single pipeline because the both 

pipelines alignment is in parallel and inflow and outflow points are common facilities for the both. 

 

1.1.2 Pipe Materials, Diameter, and Roughness Factor 
    Existing raw water transmission pipeline: HDPE ND200mm (C=120) 

    New raw water transmission pipeline: HDPE ND200mm and ND150mm (C=120) 

    However, actual inside diameter of HDPE is used for calculation, for example 170mm for ND200mm and 120 

mm for ND150mm. 

 

1.1.3 Calculation Cases  
The existing pipeline is renamed as a raw water transmission in the upstream segment between the intake and 

the treatment plant and a treated water transmission in the downstream segment between the treatment plant and the 

existing elevated tank respectively because the new treatment plant is to be constructed between the intake and the 

existing elevated tank.  The new elevated tank is to be constructed in the center of the city, thus a new treated 

water transmission pipeline from the new treatment plant or the existing elevated tank to the new tank is required.  

The pipelines are hydraulically examined in the following cases: 

 

Case-1： Use the existing pipeline for whole flow rate, however the new pipeline is used between the 

existing and the new elevated tanks. 

Case-2： Use both the existing and new pipelines assuming the both as a combined pipeline. 

Case-3： Use the new pipeline for whole flow rate. 

 

1.2 Calculation Result 
    Case-1： The existing pipeline will be able to stream at the whole flow rate, 50 liter per second, from the 
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intake to the new treatment plant, however residual water head at the receiving well in the 

treatment plant is small i.e. 2.8 m and flow velocity of the pipeline is high i.e. 2.2 m/sec.  

Downstream of the existing pipeline is not able to stream at the whole flow rate. 

    Case-2： If flow rate set at 36 liter per second (3,110 m3/day) in the existing pipeline and 14 liter per second 

(1,210 m3/day) in the new pipeline assumed as ND150mm, the whole rate flows through the 

combined pipeline.  If a new pipeline with ND200mm is installed in downstream from treatment 

plant, the same flow rates as the above are applied to the existing and the new pipelines 

respectively. 

    Case-3： If a new raw water transmission pipeline with ND200mm and a new treated water transmission 

pipeline with ND250mm are applied, water at whole rate flows through new pipelines.  HDPE 

having larger than 200mm in diameter is not available in the local market, thus DIP or SP is to be 

used. 

 

1.3 Conclusion 
The calculation results shows that the existing pipeline has capacity for streaming the whole water rate from the 

intake to the new water treatment plant, however it has also weakness of protection of the pipeline as well as not 

enough earth cover at Timai river crossing.  Nepal side requested to add a new pipeline for water increased in 

demand.  Therefore, the existing and new pipelines are to be used for the transmission pipeline except Timai river 

crossing pipeline which is to have enough capacity for the whole flow rate against flushing the existing pipeline out 

by the river. 

    

New Raw Water Transmission Pipeline：  

HDPE ND150mm x 2,675m  

        SP ND150mm x 20m (crossing a branch of Timai river) 

              SP ND200mm x 135m (Timai river crossing) 

New Treated Water Transmission Pipeline：  

HDPE ND200mm x 8,950m 

       SP ND200mm x 25m(crossing a stream) 
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Dhulabari Water Supply System (Case-1)    

      

 New Pipes  Existing Pipes  

 Raw Water 

Transmission 

Treated Water 

Transmission

 Raw Water 

Transmission

Treated Water 

Transmission 

      

Elevation at inflow (m)  108.91  380 280 

      

Coefficient  120  120 120 

Pipe Diameter (m)  0.170  0.170 0.170 

Flow Rate (m3/s)  0.032  0.050 0.049 

Pipe Length (m)  3640  2830 5335 

      

Loss Height (m)  53.07  94.21 171.09 

Velocity (m/s)  1.41  2.2 2.16 

      

Water Head at inlet to 

the existing elevated 

tank (m) 

    108.91 

Elevation at outflow (m)  160  283 195 

Residual Water Head (m)  -104.16  2.79 -86.09 

      

      

Hazen - Williams 

Formula 
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Dhulabari Water Supply System (Case-2)    

      

 New Pipes   Existing Pipes  

 Raw Water 

Transmission 

Treated Water 

Transmission 

(WTP to 

Ex.Tank) 

Treated Water 

Transmission 

(Ex.Tank to 

New Tank) 

Raw Water 

Transmission 

Treated Water 

Transmission 

(WTP to 

Ex.Tank) 

     

Elevation at inflow (m) 380 280 230.73 380 280

     

Coefficient 120 120 120 120 120

Pipe Diameter (m) 0.12 0.17 0.17 0.17 0.17

Flow Rate (m3/s) 0.014 0.025 0.032 0.036 0.025

Pipe Length (m) 2830 5335 3640 2830 5335

     

Loss Height (m) 48.76 49.27 53.07 51.31 49.27

Velocity (m/s) 1.24 1.1 1.41 1.59 0.51

     

Elevation at outflow 

(m) 

283 195 160 283 195

Residual Water Head 

(m) 

48.24 35.73 17.66 45.69 35.73

      

      

Hazen - Williams 

Formula 
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Dhulabari Water Supply System (Case-3)     

       

 New Pipes   Existing Pipes  

 Raw Water 

Transmission 

Treated Water 

Transmission

Treated Water 

Transmission

 Raw Water 

Transmission 

Treated Water 

Transmission

       

Elevation at inflow (m) 380 280 202.47    

       

Coefficient 120 120 120    

Pipe Diameter (m) 0.17 0.200 0.200    

Flow Rate (m3/s) 0.050 0.049 0.032    

Pipe Length (m) 2830 5335 3640    

       

Loss Height (m) 94.21 77.53 24.05    

Velocity (m/s) 2.2 1.56 1.02    

       

Water Head at inlet to 

the existing elevated 

tank (m) 

 202.47     

Elevation at outflow (m) 283 195 160    

Residual Water Head (m) 2.79 7.47 18.42    

       

       

Hazen - Williams 

Formula 
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2. Dhulabari Water Supply System Hydraulic Calculation of Distribution Pipe Networks 

 

2.1 Calculation Criteria 
2.1.1 Flow Rate 
The result of demand projection i.e. the daily maximum 4,200 m3/day in year 2014 is applied for calculation. 

Calculation criteria are as follows: 

1) Data of pipes and flow rate from/into nodes (component of pipe network connected with pipes) which 
constitute pipe network are based on the original calculation described in the design report. 

2) Flow rates from nodes i.e. outflow and inflow is estimated separately in the existing supply area and in 
supply expansion area.  Increase of population served and water consumption per capita are estimated to 
meet the projected daily maximum water demand in the existing supply area.  Water demand is estimated 
by multiplying projected or surveyed population served by projected water consumption per capita in the 
expansion area. 

3) Hourly maximum water demand is estimated by multiplying daily maximum water demand by the peak 
factor.  The peak factor is 3.0 as a standard in Nepal, however the peak factor indicates the ratio of 
hourly maximum to hourly average in the day of the maximum demand and generally used to grasp 
hydraulic characteristic of principal pipes in pipe network such as distribution main pipes.  In fact, the 
peak factor means that a ratio of water users open faucets at the same time to average use, but not increase 
of water flow of service pipes such as house connection pipes and tertiary pipes.  Therefore the result of 
hydraulic calculation of service pipes will be neglected. 

4) Minimum Water Head at a node 
Minimum Water Head at a node is set at 10m.  To meet this hydraulic criterion, augmentation of the pipe 

network is planned.  However, the service pipes mentioned above will not be taken consideration for 

augmentation of the pipe network. 

 

2.1.2  Roughness factor of Pipes 
Hazen-Williams Formula is applied to hydraulic calculation.  Roughness factor of inner surface of pipes as 

120 is applied. 

     

2.1.3 Calculation Cases 
 

Case-1：Calculation based on the present pipe networks with the designed flow. 

Case-2：After augmentation of pipe network based on the result of Case-1, recalculation is made. 

 

2.2 Results 
    Case-1： Almost all of water head of nodes show minus.  

The minimum water head is －182.8m in the southwest area of the city. 

Case-2： The minimum water head is +8.5 m in the center of the city. 

The maximum water head is + 30.1m in the south area of the city where ground elevation is 

lower than others. 

2.3 Conclusion 
Augmentation of principle pipes in the network such as main pipes in the both directions i.e. north to south 

direction and east to west improves hydraulic condition in the southwest area of the city where water pressure is not 

enough.  In addition, installation of new pipeline forming a loop improves in the southeast area of the city where 

water pressure is not enough.  And improvement of pipe network in the northwest and the northeast will be 

necessary as shown in Fig.-1. 
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In conclusion of discussion between study team and Nepal side, improvement works for principle pipelines and 

pipes to high water demand area due to not enough distribution capacity are prioritized in the project. 

 

Result 

New Distribution Pipes：DIP ND 300mm x 80m 

DIP ND 250mm x 1,520m 

DIP ND 150mm x 3,085m 

DIP ND 100mm x 880m 

HDPE ND 75mm x 1,000m  

SP ND150mm x 130m (Timai river crossing) 
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DHULABARI WATER SUPPLY SYSTEM
SCHEMATIC DRAWING OF PIPE NETWORKS
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Hydraulic Calculation Result 

 

Nos of nodes 147           
Nos of pipes 170           

            
  NODE          
  NO Type Q WL GL EH     
    l/sec m m m     
  200 1 -81.346 192.70 170.00 22.70     
  1 0 0.511 192.06 169.70 22.36     
  2 0 1.022 190.28 170.10 20.18     
  3 0 0.681 189.39 170.20 19.19     
  4 0 0.681 188.64 171.30 17.34     
  5 0 1.022 185.84 171.70 14.14     
  6 0 0.681 184.14 171.80 12.34     
  7 0 0.681 181.05 170.10 10.95     
  8 0 1.022 177.65 168.50 9.15     
  9 0 1.022 175.61 166.50 9.11     
  10 0 1.022 174.97 164.50 10.47     
  11 0 1.022 174.93 162.90 12.03     
  12 0 1.022 175.00 160.50 14.50     
  13 0 1.022 172.14 157.50 14.64     
  14 0 1.022 162.37 155.50 6.87     
  15 0 0.511 160.10 153.80 6.30     
  16 0 0.681 191.36 168.90 22.46     
  17 0 1.022 188.63 166.50 22.13     
  18 0 1.022 185.40 163.70 21.70     
  19 0 1.022 182.83 161.40 21.43     
  20 0 1.022 180.33 159.20 21.13     
  21 0 0.681 178.60 158.90 19.70     
  22 0 1.022 176.28 156.80 19.48     
  23 0 0.681 173.98 155.40 18.58     
  24 0 0.681 172.84 154.00 18.84     
  25 0 0.681 171.41 153.00 18.41     
  26 0 0.681 169.01 154.20 14.81     
  27 0 1.022 166.77 149.80 16.97     
  28 0 1.022 165.22 149.30 15.92     
  29 0 0.681 162.97 149.80 13.17     
  30 0 0.681 161.23 147.60 13.63     
  31 0 1.022 159.87 145.30 14.57     
  32 0 0.681 159.65 144.50 15.15     
  33 0 0.681 159.64 142.80 16.84     
  34 0 1.022 159.77 142.30 17.47     
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  35 0 0.681 160.60 140.60 20.00     
  36 0 1.022 160.00 139.50 20.50     
  37 0 0.681 159.97 139.20 20.77     
  38 0 0.681 170.03 150.20 19.83     
  39 0 0.681 168.68 148.70 19.98     
  40 0 0.681 168.03 147.90 20.13     
  41 0 0.681 166.79 146.00 20.79     
  42 0 0.681 165.61 144.00 21.61     
  43 0 0.681 165.04 143.80 21.24     
  44 0 1.022 163.94 141.60 22.34     
  45 0 0.681 163.23 139.60 23.63     
  46 0 0.681 162.47 139.40 23.07     
  47 0 0.681 161.60 137.40 24.20     
  48 0 1.022 160.56 136.60 23.96     
  49 0 1.022 160.30 134.70 25.60     
  50 0 1.022 159.14 136.20 22.94     
  51 0 1.022 158.03 135.00 23.03     
  52 0 1.022 157.85 135.30 22.55     
  53 0 1.022 157.65 133.90 23.75     
  54 0 1.363 157.41 133.00 24.41     
  55 0 1.363 157.22 131.10 26.12     
  56 0 1.363 156.84 128.70 28.14     
  57 0 2.044 155.42 128.80 26.62     
  58 0 0.178 154.69 128.40 26.29     
  59 0 1.022 154.17 127.50 26.67     
  60 0 1.022 152.45 127.90 24.55     
  61 0 1.363 150.22 128.20 22.02     
  62 0 2.044 148.48 127.30 21.18     
  63 0 1.532 153.96 132.30 21.66     
  64 0 1.532 150.80 131.70 19.10     
  65 0 1.532 148.74 134.30 14.44     
  66 0 1.363 147.74 132.10 15.64     
  67 0 1.363 147.34 130.30 17.04     
  68 0 0.681 147.26 130.40 16.86     
  69 0 2.044 147.27 129.20 18.07     
  70 0 2.044 147.87 128.60 19.27     
  71 0 1.022 160.35 133.60 26.75     
  72 0 2.044 141.63 134.90 6.73     
  73 0 1.022 154.60 135.60 19.00     
  74 0 1.022 146.33 134.80 11.53     
  75 0 2.044 135.80 133.80 2.00     
  76 0 2.044 143.58 134.30 9.28     
  77 0 1.703 142.34 133.80 8.54     
  78 0 2.044 149.93 134.30 15.63     
  79 0 2.044 143.72 133.80 9.92     
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  80 0 0.681 157.36 133.10 24.26     
  81 0 1.022 156.15 132.20 23.95     
  82 0 1.022 152.55 131.30 21.25     
  83 0 1.022 151.37 130.00 21.37     
  84 0 0.681 148.28 125.60 22.68     
  85 0 1.363 147.26 123.80 23.46     
  86 0 1.363 146.89 124.40 22.49     
  87 0 1.363 146.45 125.10 21.35     
  88 0 1.532 146.18 126.90 19.28     
  89 0 1.022 146.17 125.00 21.17     
  90 0 1.022 146.25 125.20 21.05     
  91 0 1.022 146.74 126.70 20.04     
  92 0 1.022 136.59 125.80 10.79     
  93 0 1.022 161.85 161.30 0.55     
  94 0 1.022 168.69 155.40 13.29     
  95 0 1.022 169.07 154.30 14.77     
  96 0 1.022 156.92 140.90 16.02     
  97 0 1.022 152.08 138.10 13.98     
  98 0 1.022 151.07 136.30 14.77     
  99 0 1.022 123.69 132.30 -8.61     
  100 0 1.022 128.95 133.00 -4.05     
  101 0 1.022 150.73 125.80 24.93     
  102 0 1.022 136.23 124.40 11.83     
  103 0 1.022 110.06 123.00 -12.94     
  104 0 1.022 144.93 125.00 19.93     
  105 0 0.100 143.87 124.80 19.07     
  106 0 1.022 141.24 123.20 18.04     
  107 0 0.681 138.51 122.90 15.61     
  108 0 0.681 135.49 123.80 11.69     
  109 0 1.022 129.28 123.20 6.08     
  110 0 1.022 154.76 137.30 17.46     
  111 0 1.022 150.55 138.10 12.45     
  112 0 0.511 153.70 135.80 17.90     
  113 0 0.511 157.33 135.60 21.73     
  114 0 1.022 145.34 127.00 18.34     
  115 0 1.022 152.04 125.10 26.94     
  116 0 1.022 132.41 124.70 7.71     
  117 0 1.022 142.61 128.80 13.81     
  118 0 1.022 153.03 127.00 26.03     
  119 0 1.532 151.75 126.00 25.75     
  120 0 1.532 151.21 124.60 26.61     
  121 0 1.532 151.13 124.30 26.83     
  122 0 2.044 151.19 123.50 27.69     
  123 0 0.225 153.37 123.30 30.07     
  124 0 1.022 142.84 123.00 19.84     
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  125 0 1.022 120.01 124.70 -4.69     
  126 0 1.022 129.63 124.80 4.83     
  127 0 1.022 130.28 124.00 6.28     
  128 0 1.022 146.77 123.40 23.37     
  129 0 1.022 177.52 172.20 5.32     
  130 0 0.000 153.90 127.50 26.40     
  131 0 1.363 152.28 127.90 24.38     
  132 0 1.363 146.58 128.20 18.38     
  133 0 1.022 150.89 127.30 23.59     
  134 0 1.022 153.69 137.00 16.69     
  135 0 0.000 146.08 126.90 19.18     
  136 0 1.022 143.80 125.00 18.80     
  137 0 1.022 142.97 125.20 17.77     
  138 0 1.022 146.90 126.70 20.20     
  139 0 0.681 151.13 129.50 21.63     
  140 0 0.000 161.69 137.40 24.29     
  141 0 0.000 154.23 127.50 26.73     
  142 0 0.000 154.22 127.50 26.72     
  143 0 0.000 153.38 123.30 30.08     
  144 0 0.000 146.94 126.70 20.24     
  300 1 -61.712 162.00  162.00     
  145 0 0.000 150.89 127.30 23.59     
            

 

 
  PIPE          
  NO(u) NO(d) Dia Length C dH Q V I  
    mm m  m l/sec m/sec o/oo  
  200 1 300 88 100  81.35 1.15 7.22  
  1 2 125 226 100  8.52 0.69 7.89  
  2 3 125 143 100  7.50 0.61 6.23  
  3 4 125 143 100  6.81 0.56 5.22  
  4 5 100 220 100  6.13 0.78 12.74  
  5 6 100 187 100  5.11 0.65 9.09  
  6 7 80 165 100  4.19 0.83 18.70  
  7 8 80 253 100  3.51 0.70 13.47  
  8 9 80 286 100  2.49 0.50 7.13  
  9 10 80 237 100  1.47 0.29 2.68  
  10 11 81 204 120  0.45 0.09 0.20  
  11 12 81 231 120  -0.58 -0.11 -0.32  
  12 13 67 226 120  2.56 0.72 12.65  
  13 14 45 286 120  1.53 0.96 34.17  
  14 15 36 171 120  0.51 0.50 13.27  
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  1 16 300 143 100  66.36 0.94 4.95  
  16 17 250 231 100  65.68 1.34 11.81  
  17 18 250 281 100  64.65 1.32 11.47  
  18 19 250 231 100  63.63 1.30 11.14  
  19 20 250 231 100  62.61 1.28 10.81  
  20 21 250 165 100  61.59 1.25 10.49  
  21 22 250 226 100  60.91 1.24 10.27  
  22 23 250 231 100  59.89 1.22 9.96  
  23 24 250 121 100  58.18 1.19 9.44  
  24 25 250 160 100  56.48 1.15 8.93  
  25 26 100 198 100  5.97 0.76 12.13  
  26 27 100 231 100  5.29 0.67 9.70  
  27 28 100 237 100  4.27 0.54 6.52  
  28 29 80 193 100  3.25 0.65 11.66  
  29 30 80 231 100  2.57 0.51 7.54  
  30 31 80 319 100  1.89 0.38 4.26  
  31 32 80 220 100  0.86 0.17 1.01  
  32 33 81 231 120  0.18 0.04 0.04  
  33 34 67 220 120  -0.50 -0.14 -0.61  
  34 35 67 171 120  -1.52 -0.43 -4.84  
  35 36 67 220 120  1.12 0.32 2.75  
  36 37 45 117 120  0.10 0.06 0.21  
  25 38 250 231 100  45.48 0.93 5.98  
  38 39 250 231 100  44.80 0.91 5.82  
  39 40 250 116 100  44.12 0.90 5.66  
  40 41 250 226 100  43.44 0.88 5.50  
  41 42 250 220 100  42.76 0.87 5.34  
  42 43 250 110 100  42.08 0.86 5.18  
  43 44 250 220 100  41.40 0.84 5.03  
  44 45 250 146 100  40.37 0.82 4.80  
  45 46 250 165 100  39.69 0.81 4.65  
  46 47 250 193 100  39.01 0.79 4.51  
  47 48 250 124 100  54.42 1.11 8.34  
  48 50 250 209 100  48.75 0.99 6.80  
  50 51 250 176 100  46.71 0.95 6.29  
  51 52 250 66 100  29.76 0.61 2.73  
  52 53 250 94 100  26.13 0.53 2.15  
  53 54 250 152 100  22.21 0.45 1.59  
  54 55 250 264 100  14.39 0.29 0.71  
  55 56 200 220 100  13.03 0.41 1.76  
  56 57 150 244 100  11.67 0.66 5.81  
  57 58 150 196 100  9.16 0.52 3.71  
  58 59 150 145 100  8.98 0.51 3.58  
  59 60 150 123 100  18.73 1.06 13.96  
  60 61 150 178 100  17.71 1.00 12.58  
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  61 62 150 160 100  16.35 0.93 10.85  
  51 63 100 201 100  7.89 1.00 20.28  
  63 64 100 232 100  6.35 0.81 13.60  
  64 65 100 253 100  4.82 0.61 8.16  
  65 66 100 248 100  3.29 0.42 4.02  
  66 67 100 268 100  1.93 0.25 1.50  
  67 68 80 165 100  0.56 0.11 0.46  
  68 69 80 245 100  -0.12 -0.02 -0.03  
  69 70 80 110 100  -2.16 -0.43 -5.49  
  70 62 100 275 100  -2.38 -0.30 -2.20  
  48 49 80 242 100  0.90 0.18 1.08  
  49 71 50 176 100  -0.12 -0.06 -0.28  
  71 72 32 165 100  1.00 1.24 113.46  
  51 73 80 55 100  8.04 1.60 62.38  
  73 74 65 83 100  6.00 1.81 99.68  
  74 72 65 99 100  4.02 1.21 47.47  
  72 75 65 215 100  2.97 0.89 27.14  
  74 76 40 77 100  0.96 0.76 35.74  
  76 77 50 44 100  1.52 0.77 28.19  
  77 75 40 138 100  1.12 0.89 47.41  
  52 76 50 187 100  2.60 1.33 76.34  
  53 78 50 83 100  2.90 1.48 93.08  
  78 79 50 132 100  2.00 1.02 47.02  
  79 77 40 22 100  1.30 1.04 62.81  
  54 80 125 11 100  6.45 0.53 4.72  
  80 78 40 149 100  1.15 0.91 49.88  
  81 79 40 187 100  1.34 1.07 66.48  
  80 81 100 160 100  4.62 0.59 7.55  
  81 82 65 220 100  2.26 0.68 16.36  
  82 83 65 220 100  1.24 0.37 5.37  
  83 139 40 110 100  0.21 0.17 2.23  
  139 57 32 154 100  -0.47 -0.58 -27.88  
  62 84 150 55 100  9.08 0.51 3.65  
  84 85 150 231 100  10.04 0.57 4.40  
  85 86 150 110 100  8.68 0.49 3.36  
  86 87 125 99 100  6.29 0.51 4.51  
  87 88 125 171 100  3.57 0.29 1.58  
  88 89 125 264 100  0.43 0.04 0.03  
  89 90 80 176 100  -0.59 -0.12 -0.49  
  90 91 80 154 100  -1.61 -0.32 -3.18  
  91 92 40 253 100  1.02 0.81 40.13  
  12 93 36 275 120  1.02 1.00 47.84  
  23 94 40 132 100  1.02 0.81 40.13  
  24 95 40 94 100  1.02 0.81 40.13  
  35 96 36 77 120  1.02 1.00 47.84  
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  37 97 36 165 120  1.02 1.00 47.84  
  73 98 40 88 100  1.02 0.81 40.13  
  75 99 36 253 120  1.02 1.00 47.84  
  75 100 36 143 120  1.02 1.00 47.84  
  84 101 65 270 100  -1.64 -0.49 -9.07  
  101 102 50 297 100  2.04 1.04 48.80  
  102 103 32 220 100  1.02 1.27 118.96  
  138 104 100 209 100  5.21 0.66 9.42  
  104 105 100 169 100  4.19 0.53 6.29  
  105 106 81 220 120  4.09 0.79 11.98  
  106 107 67 154 120  3.07 0.87 17.72  
  107 108 45 110 120  1.36 0.86 27.46  
  108 109 36 275 120  0.68 0.67 22.59  
  47 110 36 143 120  1.02 1.00 47.84  
  47 111 36 231 120  1.02 1.00 47.84  
  50 112 32 165 100  0.51 0.64 33.00  
  50 113 32 55 100  0.51 0.64 33.00  
  59 114 40 220 100  1.02 0.81 40.13  
  131 115 32 77 100  0.14 0.18 3.09  
  115 116 32 165 100  1.02 1.27 118.96  
  70 117 36 110 120  1.02 1.00 47.84  
  130 118 100 94 100  5.18 0.66 9.32  
  118 119 100 206 100  4.16 0.53 6.21  
  119 120 100 204 100  2.63 0.33 2.65  
  120 121 100 154 100  1.09 0.14 0.53  
  121 122 80 220 100  -0.44 -0.09 -0.29  
  122 123 67 182 120  -2.48 -0.70 -11.99  
  123 124 36 220 120  1.02 1.00 47.84  
  86 125 32 226 100  1.02 1.27 118.96  
  87 126 32 83 100  1.36 1.69 202.60  
  107 127 36 172 120  1.02 1.00 47.84  
  123 128 36 138 120  1.02 1.00 47.84  
  59 130 125 17 100  12.39 1.01 15.78  
  130 131 65 123 100  2.01 0.61 13.22  
  131 132 40 178 100  0.90 0.72 32.03  
  132 133 32 160 100  -0.46 -0.57 -26.98  
  130 134 100 470 100  1.02 0.13 0.46  
  88 135 65 11 100  1.60 0.48 8.64  
  135 136 65 264 100  1.60 0.48 8.64  
  136 137 50 176 100  0.58 0.29 4.70  
  137 138 32 154 100  -0.44 -0.55 -25.52  
  91 138 80 11 100  -3.65 -0.73 -14.49  
  6 129 40 165 100  1.02 0.81 40.13  
  300 140 300 100 120  61.71 0.87 3.09  
  140 141 250 1890 120  43.58 0.89 3.95  
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  141 142 250 17 120  19.40 0.40 0.88  
  142 143 150 1060 120  4.75 0.27 0.79  
  142 145 150 526 120  14.65 0.83 6.32  
  141 59 200 15 120  24.19 0.77 3.94  
  143 123 150 15 120  4.75 0.27 0.79  
  144 138 150 10 120  10.33 0.58 3.31  
  71 37 100 500 120  1.60 0.20 0.76  
  140 47 150 10 120  18.13 1.03 9.37  
  70 62 100 275 120  -2.85 -0.36 -2.20  
  48 71 150 418 120  3.75 0.21 0.51  
  145 133 100 10 120  -0.39 -0.05 -0.06  
  145 101 80 10 120  4.71 0.94 16.53  
  145 144 150 1195 120  10.33 0.58 3.31  
  126 109 65 1000 120  0.34 0.10 0.35  
  1 6 100 919 120  5.96 0.76 8.62  
  6 12 100 1376 120  5.17 0.66 6.64  
  131 133 80 461 120  1.87 0.37 3.00  
  130 131 80 123 120  4.17 0.83 13.22  
  131 115 80 77 120  1.90 0.38 3.09  
  25 35 100 2251 120  4.34 0.55 4.80  
  End          
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3. Gauradaha Water Supply System Hydraulic Calculation of Distribution Pipe Networks  

 

3.1 Calculation Criteria 

3.1.1 Flow Rate 
The result of demand projection i.e. the daily maximum 1,100 m3/day in year 2014 is applied for calculation. 

Calculation criteria are as follows: 

5) Data of pipes and flow rate from/into nodes (component of pipe network connected with pipes) which 

constitute pipe network are based on the original calculation described in the design report. 

6) Flow rates from nodes i.e. outflow and inflow is estimated separately in the existing supply area and in 

supply expansion area.  Increase of population served and water consumption per capita are estimated to 

meet the projected daily maximum water demand in the existing supply area.  Water demand is estimated 

by multiplying projected or surveyed population served by projected water consumption per capita in the 

expansion area. 

7) Hourly maximum water demand is estimated by multiplying daily maximum water demand by the peak 

factor.  The peak factor is 3.0 as a standard in Nepal, however the peak factor indicates the ratio of hourly 

maximum to hourly average in the day of the maximum demand and generally used to grasp hydraulic 

characteristic of principal pipes in pipe network such as distribution main pipes.  In fact, the peak factor 

means that a ratio of water users open faucets at the same time to average use, but not increase of water 

flow of service pipes such as house connection pipes and tertiary pipes.  Therefore the result of hydraulic 

calculation of service pipes will be neglected. 

8) Minimum Water Head at a node 
Minimum Water Head at a node is set at 10m.  To meet this hydraulic criterion, augmentation of the pipe 

network is planned.  However, the service pipes mentioned above will not be taken consideration for 

augmentation of the pipe network. 

 

3.1.2 Roughness factor of Pipes 
Hazen-Williams Formula is applied to hydraulic calculation.  Roughness factor of inner surface of pipes as 120 

is applied. 

 

3.1.3 Calculation Cases 
 

Case-1：Calculation based on the present pipe networks with the designed flow. 

Case-2：After augmentation of pipe network based on the result of Case-1, recalculation is made. 

Case-3：Alternative augmentation plan to Case-2 

 

3.2 Results 
    Case-1： Almost all of water head of nodes show minus.  
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The minimum water head is －41.1m in the south area of the city. 

Case-2： Augmentation of the existing pipeline i.e. new pipelines installation in parallel to existing pipelines is 

necessary for almost all of principal distribution pipelines. The minimum water head is +8.9 m in 

the east area of the city. 

The maximum water head is + 14.9 m in the south area of the city where ground elevation is lower 

than others. 

Case-3： A new pipeline interconnecting the existing elevated tank with the existing pipeline along the main 

road which passes the area from the north to south is planned.  This pipeline installation improves 

hydraulic condition in pressure of the south and southwest area of the city.  The minimum water 

head is +6.8 m in the east area of the city.  The maximum water head is + 14.7 m at vicinity to the 

existing elevated tank. 

 

3.4 Conclusion 

The result of calculation for Case-2 shows that augmentation for almost all of principal distribution pipelines is 

necessary.  Pipeline looping in network improves hydraulic condition.  However, augmentation of principle 

pipelines extended as arborescens in flange area is necessary as same as the Case-2 as shown in Fig.-2. 

In conclusion of discussion between study team and Nepal side, improvement works for principle pipelines and 

pipes to high water demand area due to not enough distribution capacity are prioritized in the project. 

 

Result 

New distribution pipeline ： HDPE ND 150mm x 1,070m 

HDPE ND 100mm x 2,700m 

HDPE ND 75mm x 800m 

HDPE ND 50mm x 1500m 
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GAURADAHA WATER SUPPLY SYSTEM
SCHEMATIC DRAWING OF PIPE NETWORKS
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Hydraulic Calculation Result 

 

Case-2  

Nos of nodes 70           
Nos of pipes 107           

            
  NODE          
  NO Type Q WL GL EH     
    l/sec m m m     
  1 0 0.220 115.95 100.91 15.04     
  2 0 0.220 115.78 101.14 14.64     
  3 0 0.440 113.99 101.98 12.01     
  4 0 0.440 111.20 102.79 8.41     
  5 0 0.440 106.76 103.24 3.52     
  6 0 0.440 98.10 103.84 -5.74     
  7 0 0.660 114.19 100.90 13.29     
  8 0 0.440 114.04 100.84 13.20     
  9 0 0.440 113.76 100.84 12.92     
  10 0 0.440 113.57 100.48 13.09     
  11 0 0.660 112.58 100.32 12.26     
  12 0 0.440 112.50 99.87 12.63     
  13 0 0.660 112.26 101.14 11.12     
  14 0 0.440 108.09 101.65 6.44     
  15 0 0.440 104.19 102.14 2.05     
  16 0 0.660 112.95 101.06 11.89     
  17 0 0.880 112.58 100.62 11.96     
  18 0 1.100 112.33 100.25 12.08     
  19 0 0.440 111.99 100.38 11.61     
  20 0 0.660 111.92 100.80 11.12     
  21 0 1.100 111.55 101.33 10.22     
  22 0 0.440 111.37 101.74 9.63     
  23 0 0.660 111.16 101.52 9.64     
  24 0 0.880 104.79 101.85 2.94     
  25 0 0.660 110.05 100.34 9.71     
  26 0 0.660 108.27 100.15 8.12     
  27 0 0.440 109.19 100.29 8.90     
  28 0 0.440 105.16 99.96 5.20     
  29 0 0.660 112.95 100.86 12.09     
  30 0 0.880 112.33 100.51 11.82     
  31 0 1.760 111.32 100.91 10.41     
  32 0 0.440 111.18 100.48 10.70     
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  33 0 0.440 111.06 99.98 11.08     
  34 0 0.440 110.94 99.76 11.18     
  35 0 0.440 110.88 99.56 11.32     
  36 0 0.440 109.86 98.90 10.96     
  37 0 0.660 108.76 98.11 10.65     
  38 0 0.660 105.27 98.85 6.42     
  39 0 0.880 110.87 99.60 11.27     
  40 0 0.660 110.78 100.06 10.72     
  41 0 0.660 110.37 102.38 7.99     
  42 0 0.220 110.62 102.10 8.52     
  43 0 1.100 111.05 100.67 10.38     
  44 0 0.660 110.77 99.06 11.71     
  45 0 0.440 110.69 98.86 11.83     
  46 0 1.100 112.59 99.89 12.70     
  47 0 0.660 112.40 98.26 14.14     
  48 0 0.440 112.24 97.44 14.80     
  49 0 0.440 112.13 97.20 14.93     
  50 0 0.440 110.87 96.23 14.64     
  51 0 0.660 109.65 96.18 13.47     
  52 0 0.440 101.11 95.34 5.77     
  53 0 0.660 96.78 95.24 1.54     
  54 0 0.440 109.05 96.88 12.17     
  55 0 0.440 102.80 97.70 5.10     
  56 0 0.440 97.01 101.27 -4.26     
  57 0 0.440 106.55 101.82 4.73     
  58 0 0.660 102.93 101.69 1.24     
  59 0 0.440 78.72 99.85 -21.13     
  60 0 0.440 108.30 100.63 7.67     
  61 0 0.440 107.86 101.24 6.62     
  62 0 0.440 100.16 99.95 0.21     
  200 1 -38.060 116.00  116.00     
  63 0 0.220 110.74 98.11 12.63     
  64 0 0.220 103.95 98.11 5.84     
  65 0 0.660 103.73 98.11 5.62     
  66 0 0.660 108.75 98.86 9.89     
  67 0 0.000 111.11 100.67 10.44     
  68 0 0.000 111.31 102.10 9.21     
  69 0 0.000 111.31 102.10 9.21     
            
  PIPE          
  NO(u) NO(d) Dia Length C dH Q V I  
    mm m  m l/sec m/sec o/oo  
  200 1 250 15 120  38.06 0.78 3.07  
  1 2 99 55 120  3.37 0.44 3.15  
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  2 3 81 321 120  2.71 0.52 5.58  
  3 4 67 411 120  1.83 0.52 6.79  
  4 5 42 259 120  0.88 0.64 17.12  
  5 6 27 212 120  0.44 0.77 40.85  
  1 7 143 441 120  10.09 0.63 4.00  
  7 8 143 41 120  9.76 0.61 3.77  
  8 9 126 30 120  11.33 0.91 9.18  
  9 10 126 25 120  10.23 0.82 7.60  
  10 11 81 278 120  2.13 0.41 3.58  
  11 12 67 113 120  0.52 0.15 0.67  
  12 13 53 440 120  0.25 0.11 0.53  
  13 14 42 244 120  0.88 0.64 17.12  
  14 15 34 293 120  0.44 0.48 13.29  
  10 16 126 140 120  7.66 0.61 4.45  
  16 17 112 255 120  3.06 0.31 1.44  
  17 18 112 235 120  2.58 0.26 1.05  
  18 19 99 359 120  1.76 0.23 0.94  
  19 20 99 70 120  1.87 0.24 1.06  
  20 21 81 321 120  1.14 0.22 1.13  
  21 22 67 273 120  0.52 0.15 0.67  
  22 23 53 393 120  0.25 0.11 0.53  
  23 24 42 372 120  0.88 0.64 17.12  
  19 25 53 166 120  1.32 0.60 11.68  
  25 26 42 177 120  0.66 0.48 10.06  
  27 28 34 303 120  0.44 0.48 13.29  
  19 27 53 508 120  0.88 0.40 5.52  
  8 29 112 145 120  7.44 0.76 7.49  
  29 30 99 179 120  3.56 0.46 3.48  
  30 31 99 330 120  3.31 0.43 3.06  
  31 32 99 220 120  1.41 0.18 0.63  
  32 33 81 197 120  0.83 0.16 0.62  
  33 34 67 250 120  0.44 0.12 0.48  
  34 35 67 152 120  0.37 0.10 0.35  
  35 36 42 260 120  0.40 0.29 3.95  
  36 37 42 473 120  0.30 0.22 2.32  
  35 38 42 328 120  0.88 0.64 17.12  
  32 39 42 382 120  0.17 0.12 0.80  
  34 40 42 373 120  0.12 0.09 0.42  
  4 41 53 419 120  0.51 0.23 1.98  
  41 42 42 369 120  -0.15 -0.11 -0.69  
  42 69 42 196 120  -0.37 -0.27 -3.53  
  69 31 42 400 120  -0.01 -0.01 -0.01  
  31 67 81 300 120  0.87 0.17 0.69  
  43 44 53 409 120  0.28 0.13 0.68  
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  44 45 34 206 120  0.06 0.07 0.36  
  29 46 81 322 120  1.13 0.22 1.11  
  46 47 81 306 120  0.85 0.16 0.65  
  47 48 81 403 120  0.64 0.12 0.39  
  48 49 67 296 120  0.37 0.10 0.35  
  49 50 53 293 120  0.77 0.35 4.32  
  50 51 53 426 120  0.62 0.28 2.86  
  51 52 42 330 120  1.10 0.79 25.87  
  52 53 34 154 120  0.66 0.73 28.14  
  49 54 34 232 120  0.44 0.48 13.29  
  47 55 27 235 120  0.44 0.77 40.85  
  2 56 19 83 120  0.44 1.55 226.14  
  3 57 27 182 120  0.44 0.77 40.85  
  9 58 34 385 120  0.66 0.73 28.14  
  33 59 19 143 120  0.44 1.55 226.14  
  43 60 34 207 120  0.44 0.48 13.29  
  7 61 19 28 120  0.44 1.55 226.14  
  46 62 19 55 120  0.44 1.55 226.14  
  16 29 67 19 120  -0.22 -0.06 -0.14  
  11 17 34 235 120  -0.01 -0.01 -0.02  
  67 39 99 350 120  1.47 0.19 0.68  
  39 40 99 447 120  0.76 0.10 0.20  
  40 63 99 2003 120  0.22 0.03 0.02  
  38 64 42 1000 120  0.22 0.16 1.32  
  37 65 42 500 120  0.66 0.48 10.06  
  67 43 81 50 120  1.22 0.24 1.29  
  29 30 143 179 120  9.36 0.58 3.48  
  30 31 143 330 120  8.72 0.54 3.06  
  67 43 99 50 120  2.08 0.27 1.29  
  31 32 143 220 120  3.72 0.23 0.63  
  45 66 53 600 120  0.66 0.30 3.24  
  32 33 143 197 120  3.69 0.23 0.62  
  33 34 143 250 120  3.20 0.20 0.48  
  34 35 143 152 120  2.71 0.17 0.35  
  31 67 143 300 120  3.90 0.24 0.69  
  35 36 67 260 120  1.36 0.39 3.95  
  36 37 67 473 120  1.02 0.29 2.32  
  43 44 99 409 120  1.48 0.19 0.68  
  44 45 99 206 120  1.04 0.13 0.36  
  29 46 143 322 120  5.03 0.31 1.11  
  46 47 143 306 120  3.77 0.24 0.65  
  47 48 143 403 120  2.88 0.18 0.39  
  48 49 143 296 120  2.71 0.17 0.35  
  49 50 67 293 120  1.43 0.41 4.32  
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  50 51 67 426 120  1.14 0.32 2.86  
  29 16 143 19 120  1.65 0.10 0.14  
  16 17 143 255 120  5.82 0.36 1.44  
  17 18 143 235 120  4.90 0.31 1.05  
  18 19 143 359 120  4.62 0.29 0.94  
  17 11 143 235 120  0.50 0.03 0.02  
  19 20 99 70 120  1.87 0.24 1.06  
  20 21 99 321 120  1.94 0.25 1.13  
  21 22 99 273 120  1.46 0.19 0.67  
  22 23 99 393 120  1.29 0.17 0.53  
  11 12 99 113 120  1.46 0.19 0.67  
  12 13 99 440 120  1.29 0.17 0.53  
  68 31 143 400 120  -0.36 -0.02 -0.01  
  68 69 143 10 120  0.36 0.02 0.01  
  1 7 200 441 120  24.39 0.78 4.00  
  7 8 200 41 120  23.61 0.75 3.77  
  8 29 143 145 120  14.16 0.88 7.49  
  End          

 

Case-3 

Nos of nodes 70           
Nos of pipes 105           

            
  NODE          
  NO Type Q WL GL EH     
    l/sec m m m     
  1 0 0.220 115.99 100.91 15.08     
  2 0 0.220 115.84 101.14 14.70     
  3 0 0.440 114.37 101.98 12.39     
  4 0 0.440 112.30 102.79 9.51     
  5 0 0.440 107.86 103.24 4.62     
  6 0 0.440 99.20 103.84 -4.64     
  7 0 0.660 111.83 100.90 10.93     
  8 0 0.440 111.49 100.84 10.65     
  9 0 0.440 111.31 100.84 10.47     
  10 0 0.440 111.19 100.48 10.71     
  11 0 0.660 110.44 100.32 10.12     
  12 0 0.440 110.37 99.87 10.50     
  13 0 0.660 110.13 101.14 8.99     
  14 0 0.440 105.95 101.65 4.30     
  15 0 0.440 102.06 102.14 -0.08     
  16 0 0.660 110.84 101.06 9.78     
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  17 0 0.880 110.45 100.62 9.83     
  18 0 1.100 110.20 100.25 9.95     
  19 0 0.440 109.87 100.38 9.49     
  20 0 0.660 109.79 100.80 8.99     
  21 0 1.100 109.43 101.33 8.10     
  22 0 0.440 109.24 101.74 7.50     
  23 0 0.660 109.03 101.52 7.51     
  24 0 0.880 102.66 101.85 0.81     
  25 0 0.660 107.93 100.34 7.59     
  26 0 0.660 106.15 100.15 6.00     
  27 0 0.440 107.06 100.29 6.77     
  28 0 0.440 103.04 99.96 3.08     
  29 0 0.660 110.86 100.86 10.00     
  30 0 0.880 110.99 100.51 10.48     
  31 0 1.760 111.30 100.91 10.39     
  32 0 0.440 111.16 100.48 10.68     
  33 0 0.440 111.04 99.98 11.06     
  34 0 0.440 110.92 99.76 11.16     
  35 0 0.440 110.86 99.56 11.30     
  36 0 0.440 109.84 98.90 10.94     
  37 0 0.660 108.74 98.11 10.63     
  38 0 0.660 105.25 98.85 6.40     
  39 0 0.880 110.85 99.60 11.25     
  40 0 0.660 110.76 100.06 10.70     
  41 0 0.660 112.10 102.38 9.72     
  42 0 0.220 113.77 102.10 11.67     
  43 0 1.100 111.03 100.67 10.36     
  44 0 0.660 110.75 99.06 11.69     
  45 0 0.440 110.67 98.86 11.81     
  46 0 1.100 110.50 99.89 10.61     
  47 0 0.660 110.30 98.26 12.04     
  48 0 0.440 110.14 97.44 12.70     
  49 0 0.440 110.04 97.20 12.84     
  50 0 0.440 108.77 96.23 12.54     
  51 0 0.660 107.56 96.18 11.38     
  52 0 0.440 99.02 95.34 3.68     
  53 0 0.660 94.68 95.24 -0.56     
  54 0 0.440 106.96 96.88 10.08     
  55 0 0.440 100.70 97.70 3.00     
  56 0 0.440 97.07 101.27 -4.20     
  57 0 0.440 106.93 101.82 5.11     
  58 0 0.660 100.47 101.69 -1.22     
  59 0 0.440 78.70 99.85 -21.15     
  60 0 0.440 108.28 100.63 7.65     



Basic Design Study on the Project for the Improvement of Water Supply Facilities in Urban and Semi-Urban Centres(Phase-1) 
 
 

 4-88

  61 0 0.440 105.49 101.24 4.25     
  62 0 0.440 98.06 99.95 -1.89     
  200 1 -38.060 116.00  116.00     
  63 0 0.220 110.72 98.11 12.61     
  64 0 0.220 103.93 98.11 5.82     
  65 0 0.660 103.71 98.11 5.60     
  66 0 0.660 108.73 98.86 9.87     
  67 0 0.000 111.09 100.67 10.42     
  68 0 0.000 115.67 102.10 13.57     
  69 0 0.000 115.67 102.10 13.57     
            
  PIPE          
  NO(u) NO(d) Dia Length C dH Q V I  
    mm m  m l/sec m/sec o/oo  
  200 1 250 15 120  19.35 0.39 0.88  
  1 2 99 55 120  3.09 0.40 2.69  
  2 3 81 321 120  2.43 0.47 4.58  
  3 4 67 411 120  1.55 0.44 5.03  
  4 5 42 259 120  0.88 0.64 17.12  
  5 6 27 212 120  0.44 0.77 40.85  
  1 7 143 441 120  16.04 1.00 9.44  
  7 8 143 41 120  14.94 0.93 8.27  
  8 9 126 30 120  8.95 0.72 5.94  
  9 10 126 25 120  7.85 0.63 4.66  
  10 11 81 278 120  1.82 0.35 2.69  
  11 12 67 113 120  0.52 0.15 0.67  
  12 13 53 440 120  0.25 0.11 0.53  
  13 14 42 244 120  0.88 0.64 17.12  
  14 15 34 293 120  0.44 0.48 13.29  
  10 16 126 140 120  5.59 0.45 2.49  
  16 17 112 255 120  3.16 0.32 1.54  
  17 18 112 235 120  2.58 0.26 1.05  
  18 19 99 359 120  1.76 0.23 0.94  
  19 20 99 70 120  1.87 0.24 1.06  
  20 21 81 321 120  1.14 0.22 1.13  
  21 22 67 273 120  0.52 0.15 0.67  
  22 23 53 393 120  0.25 0.11 0.53  
  23 24 42 372 120  0.88 0.64 17.12  
  19 25 53 166 120  1.32 0.60 11.68  
  25 26 42 177 120  0.66 0.48 10.06  
  27 28 34 303 120  0.44 0.48 13.29  
  19 27 53 508 120  0.88 0.40 5.52  
  8 29 112 145 120  5.55 0.56 4.35  
  29 30 99 179 120  -1.52 -0.20 -0.72  
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  30 31 99 330 120  -1.76 -0.23 -0.95  
  31 32 99 220 120  1.41 0.18 0.63  
  32 33 81 197 120  0.83 0.16 0.62  
  33 34 67 250 120  0.44 0.12 0.48  
  34 35 67 152 120  0.37 0.10 0.35  
  35 36 42 260 120  0.40 0.29 3.95  
  36 37 42 473 120  0.30 0.22 2.32  
  35 38 42 328 120  0.88 0.64 17.12  
  32 39 42 382 120  0.17 0.12 0.80  
  34 40 42 373 120  0.12 0.09 0.42  
  4 41 53 419 120  0.23 0.11 0.47  
  41 42 42 369 120  -0.43 -0.31 -4.51  
  42 69 42 196 120  -0.65 -0.47 -9.71  
  69 31 42 400 120  0.69 0.50 10.93  
  31 67 81 300 120  0.87 0.17 0.69  
  43 44 53 409 120  0.28 0.13 0.68  
  44 45 34 206 120  0.06 0.07 0.36  
  29 46 81 322 120  1.13 0.22 1.11  
  46 47 81 306 120  0.85 0.16 0.65  
  47 48 81 403 120  0.64 0.12 0.39  
  48 49 67 296 120  0.37 0.10 0.35  
  49 50 53 293 120  0.77 0.35 4.32  
  50 51 53 426 120  0.62 0.28 2.86  
  51 52 42 330 120  1.10 0.79 25.87  
  52 53 34 154 120  0.66 0.73 28.14  
  49 54 34 232 120  0.44 0.48 13.29  
  47 55 27 235 120  0.44 0.77 40.85  
  2 56 19 83 120  0.44 1.55 226.14  
  3 57 27 182 120  0.44 0.77 40.85  
  9 58 34 385 120  0.66 0.73 28.14  
  33 59 19 143 120  0.44 1.55 226.14  
  43 60 34 207 120  0.44 0.48 13.29  
  7 61 19 28 120  0.44 1.55 226.14  
  46 62 19 55 120  0.44 1.55 226.14  
  16 29 67 19 120  -0.51 -0.14 -0.64  
  11 17 34 235 120  -0.02 -0.02 -0.04  
  67 39 99 350 120  1.47 0.19 0.68  
  39 40 99 447 120  0.76 0.10 0.20  
  40 63 99 2003 120  0.22 0.03 0.02  
  38 64 42 1000 120  0.22 0.16 1.32  
  37 65 42 500 120  0.66 0.48 10.06  
  67 43 81 50 120  1.22 0.24 1.29  
  29 30 143 179 120  -4.00 -0.25 -0.72  
  30 31 143 330 120  -4.64 -0.29 -0.95  
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  67 43 99 50 120  2.08 0.27 1.29  
  31 32 143 220 120  3.72 0.23 0.63  
  45 66 53 600 120  0.66 0.30 3.24  
  32 33 143 197 120  3.69 0.23 0.62  
  33 34 143 250 120  3.20 0.20 0.48  
  34 35 143 152 120  2.71 0.17 0.35  
  31 67 143 300 120  3.90 0.24 0.69  
  35 36 67 260 120  1.36 0.39 3.95  
  36 37 67 473 120  1.02 0.29 2.32  
  43 44 99 409 120  1.48 0.19 0.68  
  44 45 99 206 120  1.04 0.13 0.36  
  29 46 143 322 120  5.03 0.31 1.11  
  46 47 143 306 120  3.77 0.24 0.65  
  47 48 143 403 120  2.88 0.18 0.39  
  48 49 143 296 120  2.71 0.17 0.35  
  49 50 67 293 120  1.43 0.41 4.32  
  50 51 67 426 120  1.14 0.32 2.86  
  29 16 143 19 120  3.74 0.23 0.64  
  16 17 143 255 120  6.01 0.37 1.54  
  17 18 143 235 120  4.90 0.31 1.05  
  18 19 143 359 120  4.62 0.29 0.94  
  17 11 143 235 120  0.80 0.05 0.04  
  19 20 99 70 120  1.87 0.24 1.06  
  20 21 99 321 120  1.94 0.25 1.13  
  21 22 99 273 120  1.46 0.19 0.67  
  22 23 99 393 120  1.29 0.17 0.53  
  11 12 99 113 120  1.46 0.19 0.67  
  12 13 99 440 120  1.29 0.17 0.53  
  68 31 143 400 120  17.37 1.08 10.93  
  68 69 143 10 120  1.34 0.08 0.10  
  200 68 250 400 120  18.71 0.38 0.83  
  End          
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4-6-4 Appendix 7-3 Water Quality Examination 
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