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SECTION 1 

PROJECT BACKGROUND AND DESCRIPTION 

1.1 BACKGROUND 

Kathmandu Valley is currently suffering from chronic water shortages and inefficient service 

delivery. To improve the present conditions of water supply and wastewater services in 

Kathmandu Valley, the Government of Nepal (GoN), with the assistance of several 

development partners, has embarked on a two-pronged improvement strategy that includes 

capital investments for infrastructure development, i.e., supply augmentation and system 

improvement and institutional reforms. In order to assist GoN in this endeavor, the Asian 

Development Bank (ADB) has provided loans covering both infrastructure investment and 

institutional reforms, namely Loan 1820-NEP: Melamchi Water Supply Project and Loans 

2058/2059-NEP: Kathmandu Valley Water Services Sector Development Program.  

 

To address the water supply challenges in the Kathmandu Valley, the government updated its 

ambitious capital investment and asset management program (CIAMP) in 2010, which 

envisages providing 135 liters per capita per day (lpcd) to the residents of Kathmandu Valley 

by 2025 from the current level of 45 lpcd. The plan defines two major phases for 

rehabilitation and expansion of the water supply and wastewater system. Phase 1 (2012-2016) 

focuses on rehabilitation of existing assets, development of a new water source, and initial 

expansion of the water distribution and wastewater system. Phase 2 (2016-2025) focuses on 

additional source augmentation and further expansion of the water distribution and 

wastewater system. 

 

In line with Phase 1 requirements, ADB approved the original project on 16 September 2011 

and it became effective on 7 February 2012. The $80 million loan complements ongoing 

investments to improve access, efficiency, and reliability of water supply services for the 

residents of Kathmandu Valley through improving the distribution system and enhancing 

operational and financial performance of the water utility, the Kathmandu Upatyaka 

Khanepani Limited (KUKL). Phase 1 is also supported by the Melamchi Water Supply 

Project (MWSP) and the Kathmandu Valley Wastewater Management Project. The 

Kathmandu Valley Wastewater Management Project will manage the wastewater generated 

from households receiving water from these projects. Phase 1 investment is the first step 

towards improving services but is still inadequate for serving the entire population of the 

Client‟s service area. 

 

Additional financing (this project) will support the completion of Phase 1 and will start Phase 

2 investments with a focus on distribution network expansion and improvement. The 

additional financing is in line with ADB‟s Nepal country partnership strategy, which supports 

the government‟s development objective of accelerated, sustainable, and inclusive economic 

growth. 
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1.2 SCOPE OF THESE DESIGN WORKS FOR BDS 

• Design of remaining bulk distribution system, bidding documents preparation and 

procurement support for the Bulk Distribution System (BDS) from Sundarijal to 

Chabahil. 

Figure 1.1 indicates the location of the new Bulk Distribution System that needs to be 

designed in this phase of design. 

 
< Figure 1.1 : Location of BDS from Sundarijal WTP to Chabahil > 

 

The Consultant understands and acknowledges the work to be completed under the Contract 

and detailed scheduling and resources has been planned for the most efficient 

implementation. 

 

For the new BDS work, the Consultant reviewed master plan, related documents, current 

status and identified a 1400mm diameter singular BDS pipeline is under construction which 

was designed to carry 251 MLD treated water from Sundarijal. 

 

According to the master plan, water from Sundarijal WTP will be transferred to service area 

with dual BDS pipelines and the second pipeline is under our scope of work. The second 

BDS line is to be designed and constructed to provide total of 542MLD of treated water to 

the whole service area. Out of which 32MLD water is assigned for Katunje SRT (Bhaktapur 

district) and remaining 510 MLD is estimated for KUKL service area of Kathmandu and 

Lalitpur districts. 
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The Consultant carried out the BDS design following the previous BDS0 design criteria. 

Since Bhaktapur was omitted in the master plan i.e. CIAMP report, consultant projected the 

population and demand and finalized the design to cover 542MLD; which was previously 

510MLD. 

 

1.3 FORMAT OF THE REPORT 

The objectives of the Design Report are to ensure that all parties are aware of the scheme for 

which detailed designs have been prepared. The report contains technical, financial and 

procurement strategy details.  The report is divided into the following sections: 

 

1.3.1 Pipeline Routes 

During the design report stage we have carried out further investigations to confirm the 

preferred route. We also considered several alternatives considering land acquisition and 

efficiency of the system.  Details of the above topics are presented in Section 2. 

 

1.3.2 Pipes 

During Master Planning and BDS0 design and construction, the total demand was 510MLD. 

Since the total demand have increased to 542MLD, we expanded the nominal pipe diameter 

to 1600~1800mm which was planned as 1400~1600mm originally. Section 3 of this report 

will cover information and comparisons of pipe materials, details of bedding and backfilling 

considerations. 

 

1.3.3 Pipeline Structures 

Structures are required to allow a pipeline to be operated satisfactorily, to facilitate 

maintenance and to ensure the security of the pipeline.  These range from valve chambers and 

washouts to thrust blocks and river crossings. The parameters that will be used for the design 

of these during the detailed design phase are presented in Section 4. The criteria and 

standards for structural design are presented in Appendix B. Geotechnical observations (from 

Lahmeyer/ Mott Macdonald/ Nepalconsult, 1999) are included in Appendix A. 

 

1.3.4 Procurement Strategy 

The procurement strategy for the recommended scheme is presented in Section 5. The 

strategy takes account of the works to be constructed, the capability of local contractors and 

the overall program for water supply improvements in Kathmandu Valley. 
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SECTION 2 

PIPELINE ROUTE 

2.1 INTRODUCTION 

The conveyance of treated water from the clear water reservoir at Sundarijal Water Treatment 

Plant WTP) to various service reservoirs is necessary for the effective distribution of treated 

water to communities in the Greater Kathmandu Area. The Melamchi Water Supply Project 

is designed for ultimately improving water distribution to the entire Kathmandu Valley. This 

Design Report covers information of the NEW BDS line planned for water transmission to 

supply 542MLD targeted at year 2030. DSC05 have designed Bulk Distribution System 

(BDS) from Sundarijal WTP to Chabahil junction considering the existing BDS line 

(251MLD for Existing BDS, 291MLD for New BDS05) to transmit 542MLD efficiently to 

the distribution system. Ultimately, the entire distribution network system, supplying the 

communities, will be fed by gravity or pumping from ground level service reservoirs located 

within and on the perimeter of the urban area. The confirmation of the route has involved site 

visits and extensive consultation with PID. 

2.2 CRITERIA FOR ROUTE SELECTION 

The criteria used to select the pipeline route ensures that water can gravitate from the 

Sundarijal WTP to the service reservoirs, thus minimizing any negative social, environmental 

and economic impacts generated by the bulk distribution main either during its construction 

or operation phases. The following issues were addressed to achieve the above requirements 

and to ensure smooth and efficient transportation of treated water through bulk distribution 

mains: 

 Laying of the pipe, for proposed range of diameters, is feasible. 

 Ground slopes are reasonable and stable. 

 Cross-drainages are minimum and do not require heavy structures. 

 Right of way and working space are available along the route  

 Access is available for transportation of pipes and movement of heavy vehicles. 

 The routes are not excessively long. 

 If possible the routes avoid built-up area, roads with congested existing infrastructure 

and do not encounter existing buildings and other structures.  

 Number of structures requiring removal and the impact on the environment is 

minimized. 

 Sharp changes in direction are avoided, where possible, to minimize bends. 

2.3 ROUTE OPTIONS 

There may be four possible routes available which are technically feasible. The most 

appropriate and cost-effective routes are those which cause minimal environmental impact, 

need least maintenance and provide better facilities for future extension. The options with 

regards to selection of alignment routes for bulk distribution mains may be: 
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 alignment route along the acquired land for existing BDS line 

 alignment route along existing roads and tracks 

 alignment route adjacent to the existing roads and tracks 

 alignment across open fields 

 combination of some/all options. 

2.4  ROUTE SELECTION 

In order to select the pipeline route, four alternatives were selected through site investigation 

including the existing plan. 

 

 
< Figure 2.1 : Alternative Routes of BDS > 

2.4.1 Selection 

Synthetically, as a result of reviewing the existing plan and alternative routes, alternative 

route 2 was selected. And this route selection is the confirmed result based on sufficient 

consultation with PID and KUKL. 
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Table 2.1 : Comparisons of Existing Plan and Alternative Routes (1/2) 

S.N. 
Items 
Name 

Existing Plan Alternative Route I Alternative Route II Alternative Route III Alternative Route IV 

  
Parallel route along 
the Existing route 

Along Hospital route 
Along Bagmati 

corridor + Bouddha 
road 

Along Bagmati 
corridor + 

Guheshwari road 

Along Bagmati 
corridor + Gothatar 

road 

1 Advantages 

 Easily accessible 
for transportation 

 Less working 
space available 

 Less cost of road 
reinstatement 

 Less chances of 
encroachment 

 Easily accessible 
for transportation 

 More working 
space available 

 Moderate cost of 
road 
reinstatement 

 Less chances of 
encroachment 

 Up to Gokarna in 
the acquired 
corridor of 13.5 m 
wide 

 Better accessible 
for transportation 

 More working 
space available 

 Less cost of road 
reinstatement 

 Less chances of 
encroachment 

 Easily accessible 
for transportation 

 More working 
space available 

 Moderate cost of 
road 
reinstatement 

 Less chances of 
encroachment 

 Easily accessible 
for transportation 

 More working 
space available 

 Less cost of road 
reinstatement 

 Less chances of 
encroachment 

2 
Route 
Length 

 D1800  : 2.54km 

 D1600 : 7.09km 

 D1800  : 2.54km 

 D1600 : 7.70km 

 D1800  : 2.54km 

 D1600 : 8.2km 

 D1800  : 2.54km 

 D1600 : 9.74km 

 D1800  : 2.54km 

 D1600 : 10.21km 

3 
Short 

Coming 

 Chances of 
disturbance due 
to congested 
settlements and 
other utilities 

 Problem of 
accommodation 
of additional BDS 
pipe line along 
existing BDS 
route 

 Requirement of 
cost for service 
utility 
maintenance 
works. 

 Chances of 
disturbance due 
to congested 
settlements and 
other utilities 
including 
longitudinal and 
lateral sewer 

 Requirement of 
cost for service 
utility 
maintenance 
works. 

 Less chances of 
disturbance due 
to congested 
settlements and 
other utilities 
including 
longitudinal and 
lateral sewer 

 Requirement of 
cost for service 
utility 
maintenance 
works. 

 Moderate 
chances of 
disturbance due 
to congested 
settlements and 
other utilities 
including 
longitudinal and 
lateral sewer 

 Requirement of 
cost for service 
utility 
maintenance 
works. 

 Limited space to 
bring from Mitra 
park to Chabahil 

 First phase BDS 
size is only 
1000mm at Mitra 
Park 

 Less chances of 
disturbance due 
to congested 
settlements and 
other utilities 
including 
longitudinal and 
lateral sewer 

 Requirement of 
cost for service 
utility 
maintenance 
works. 

 Two or more river 
crossings are 
necessary for the 
BDS pipe line 

4 
Civil 

Complaint 

 Highest chances 
of complain for 
environmental 
issues such as 
dust, noise and 
traffic 

 Demand of 
temporary 
diversion 
facilities. 

 More chances of 
complain for 
environmental 
issues such as 
dust, noise and 
traffic especially 
due to hospital 
area 

 Demand of 
temporary 
diversion 
facilities. 

 Moderate 
chances of 
complain for 
environmental 
issues such as 
dust, noise and 
traffic 

 Demand of 
temporary 
diversion 
facilities. 

 Moderate 
chances of 
complain for 
environmental 
issues such as 
dust, noise and 
traffic 

 Demand of 
temporary 
diversion 
facilities. 

 Less chances of 
complain for 
environmental 
issues such as 
dust, noise and 
traffic 

 Less chances of 
demand of 
temporary 
diversion 
facilities. 
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S.N. 
Items 
Name 

Existing Plan Alternative Route I Alternative Route II Alternative Route III Alternative Route IV 

5 
Land 

Compensation 

 No need of land 
and crop 
compensation 

 No need of land 
and crop 
compensation 

 No need of land 
and crop 
compensation 

 No need of land 
and crop 
compensation 

 No need of land 
and crop 
compensation 

6 
Traffic 

Problem 

 Comparatively 
highest traffic 
problem 

 Stretch wise 
traffic diversion 
facilities could not 
be managed. 

 Comparatively 
highest traffic 
problem 

 Stretch wise 
traffic diversion 
facilities could be 
managed 
temporarily. 

 Comparatively 
moderate traffic 
problem 

 Stretch wise 
traffic diversion 
facilities could be 
easily managed. 

 Comparatively 
less traffic 
problem 

 Stretch wise 
traffic diversion 
facilities could be 
easily managed. 

 Comparatively 
less traffic 
problem 

Stretch wise traffic 
diversion facilities 
could be easily 
managed. 

7 
Economic 
Evaluation 

 Comparatively 
Shorter pipe line 

 USD  milion 

 Cost effective 
considering all 
other conditions 
such as land, 
crop and other 
utility 
compensation. 

 Longer than 
existing BDS 
pipe line 

 USD 37.60 
million 

 Less cost 
effective 
considering all 
other conditions 
such as land, 
crop and other 
utility 
compensation. 

 Longer than 
Alternative-I BDS 
pipe line 

 USD 39.44 
million 

 Cost effective 
considering all 
other conditions 
such as land, 
crop and other 
utility 
compensation. 

 Longer than 
Alternative-II 
BDS pipe line 

 USD 45.10 
million 

 Lesser cost 
effective 
considering all 
other conditions 
such as land, 
crop and other 
utility 
compensation. 

 Longer than 
Alternative-III 
BDS pipe line 

 USD 46.82 
million 

 No cost effective 
considering all 
other conditions 
such as land, 
crop and other 
utility 
compensation. 

8 
Reason for 
Selection 

 As per master 
plan and CIAMP 
report. 

 Problem of 
accommodation 
of additional BDS 
pipe line along 
existing BDS 
route. 

 Problem of traffic 
and service 
utilities due to 
academic and 
health institution 
such as teaching 
hospital along 
alternative-I BDS 
route. 

 Problem of traffic 
due to Bouddha 
road for tourist 
and major road to 
Gokarna and 
sankhu along 
alternative-II BDS 
route. 

 Problem of traffic 
due to public road 
for jorpati and 
Gokarna along 
alternative-III BDS 
route. 

Note: 

(a) Preliminary cost estimate of BDS pipe line are done with reference to the procedures adopted by BDS05. 

(b) Cost of pipe line up to 1600 and 1800 mm diameter D. I. pipes including laying is taken as per PWD of Nepal 

.i.e.  lowest rates from fresh quotations of 3 manufacturers for pipe fittings and standard rate analysis 

practice of PWD of Nepal for other civil work items. 

(c) Calculation of trench width, bedding materials, cradle, blanket and back filling are done according to the 

procedure adopted by DSC-02 and 03. 

(d) Assumed quantitate of pipe accessories and line chambers according to walkover survey are; 

 Eleven numbers of RCC chambers for three line valves, nine air valves and eight washout valves 

 Forty one thrust blocks for horizontal bends and twenty one thrust blocks for vertical bends of 1600 mm 

diameter pipe 

 Three thrust blocks for horizontal bends and nine thrust blocks for vertical bends of 1800 mm diameter 

pipe 

 Three river crossing for alternative-IV BDS route 

(e) Pavement reinstatement of the road consisting of sub grade, sub-base, priming and asphalt concrete work. 
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Table 2.2 : Comparisons of Existing Plan and Alternative Routes (2/2) 

 Existing Alternative 1 Alternative 2 Alternative 3 Alternative 4 

Accessibility ○ ○ ◎ ○ ○ 

Available Space △ ○ ○ ○ ○ 

Road Reinstate ○ △ ○ △ ○ 

Obstacles on Route Ⅹ Ⅹ ○ △ △ 

O&M Cost Ⅹ Ⅹ △ Ⅹ ○ 

Civil Complaint Ⅹ △ ○ △ ◎ 

Land Compensation ○ ○ ○ ○ ○ 

Traffic Problem Ⅹ Ⅹ △ ○ ○ 

Estimated Cost 30 M USD 29 M USD 30.9 M USD 35 M USD 37 M USD 

Recommendation   √   

◎ Best  ○ Good  △ Moderate  Ⅹ Bad 

Conclusion 

- Existing : Not recommended due to existing pipeline and Social problems (Civil Complaint and accessibility) 

- Alternative 1 : Not recommended due to congested settlement (hospital, utilities and sewer line) 

- Alternative 2 : Recommended due to relatively easy construction and Cost effective (Right of River Flow) 

- Alternative 3, 4 : Not recommended due to Cost of the construction 

 

 

 

 

2.5 PIPE DIAMETER  

2.5.1 Summary 

Kathmandu Valley faces a very severe water shortage, and in order to meet the water demand 

of Kathmandu Valley, the Melamchi water supply project is currently under construction and 

design. The first master plan (TA 4893-NEP) was established in 2010 to supply Kathmandu 

valley water, which was later revised through a detailed review of the master plan (2776 

(NEP) SF). The amount of water demand until this time was planned to supply 510MLD to 

the Kathmandu Valley through Sundalijal WTP, but the amount supplied from the Sundalijal 

WTP was determined to be 542MLD as the Bhaktapur area was included. In this design, for 

the design of the BDS pipeline, various studies were carried out by applying the 542MLD 

calculated from the final BDS master plan to supply a stable distribution of reservoir volume 

from the Sundalijal WTP to each reservoir. 

2.5.2 Review of reservoir distribution 

In order to determine the diameter of the parallel pipelines to the BDS line (Sundalijal WTP 

to chabahil junction), which is the scope of this detail design, the master plan was reviewed. 

Recently, the BDS03 was determined by applying the demand amount of 542MLD including 

Bhaktapur area. The plan is to set the year 2030 as the target year, and the population 

distribution, demand and supply plan for each reservoir are as follows. 
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Table 2.3 : The population distribution, demand and supply plan for each reservoir 

Reservoir 

Population Demand(MLD) 
each 

reservoir 

supply 2015 2025 2030 2015 2025 2030 
Each reservoir 

distribution  

BALAJU 360,281 519,247 617,585 60.906 87.779 104.403 36.517 72.100 107.102 107 

BANSBARI 192,990 298,502 368,976 32.625 50.321 62.375 19.561 41.333 63.987 64 

PANIPOKHARI 102,486 153,811 172,043 17.325 24.702 29.084 10.387 20.290 29.836 30 

MAHANKALCHAUR 335,262 478,016 562,798 56.676 80.809 95.141 33.981 66.375 97.600 98 

ARUBARI 83,959 146,477 195,469 14.193 24.762 33.044 8.510 20.339 33.898 34 

MINBHAWAN 41,855 59,677 70,261 7.076 10.088 11.878 4.243 8.286 12.185 12 

ANAMNAGAR 50,519 72,030 84,806 8.540 12.177 14.336 5.120 10.002 14.707 15 

KHUMALTAR 292,730 391,550 449,027 49.486 66.192 75.908 29.670 54.369 77.870 78 

KIRTIPUR 167,195 260,243 324,760 27.945 43.357 54.003 16.755 35.613 55.399 55 

TIGANI 51,867 81,334 100,424 8.768 13.750 16.977 5.257 11.294 17.416 17 

KATUNJE 137,722 172,993 188,473 23.282 29.245 31.861 - 29 32 32 

Grand Total 1,816,866 2,633,880 3,134,622 283.540 413.937 497.149 170 369 542 542 

The distribution plan for each reservoir is shown in the following figure. In this plan, parallel 

pipe installation was examined based on this. 
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< Figure 2.2 : The Distribution Plan for each reservoir > 

2.5.3 Additional SRT requirements 

After reviewing the construction phases of SRT, we have considered the additional SRT 

requirements for the distribution system. The additional SRT requirements are as shown in 

table 2.4. 

Table 2.4 : Additional SRT requirements 

Sub-Zone 

– Reservoir 

Demand in 

2030(MLD) 
Storage Volume, MLD (6 hour demand) 

Short 

Fall 
Storage 

Volume 

(m3) Other 

DSC 
DSC 05 

Usable Existing 

Storage 

Increment 

Required 

Land 

Allowed 

Storage 

New Storage 
in Phase-1 

Construction 

New Storage 
in Phase-2 

Construction 

Short 

Fall 

Storage 

Other 

DSC 

CIAMP 

Report 

Other 

DSC 

CIAMP 

Report 

Other 

DSC 

Other 

DSC 

Other 

DSC 

CIAMP 

Report 
DSC 05 

Balaju 101.8 104.4 18.0 - 84.0 104.4 72.0 28.0 44.0 32.4 8,100 

Bansbari 65.0 62.4 27.2 - 37.8 62.4 38.0 38.0 - 24.4 6,100 

Panipokhari 29.1 29.1 - - 29.1 29.1 30.0 30.0 - - - 

Mahankal Chaur 95.1 95.1 34.0 - 61.2 95.1 62.0 31.0 31.0 33.1 8,500 

Arubari 33.0 33.0 - - 33.0 33.0 34.0 34.0 - - - 

Min Bhawan 11.9 11.9 12.3 12.3 - - - - - - - 

Anam Nagar 14.3 14.3 10.8 10.8 3.5 3.5 - - - 3.5 - 

Khumaltar 75.9 75.9 - - 75.9 75.9 76.0 38.0 38.0 - - 

Kirtipur 54.0 54.0 6.4 - 47.6 54.0 48.0 24.0 24.0 6.0 1,500 

Tigeni 17.0 17.0 5.2 4.0 11.8 13.0 12.0 12.0 - 1.0 - 

Sub-Total 497.1 497.1 113.9 27.1 384.0 470.4 372.0 235.0 137.0 100.4 24,200 

Bhakatapur- 

Katunje (New) 
32.0 32.0 8.0 8.0 24.0 24.0 24.0 24.0 - - - 

Total 529.1 529.1 121.9 35.1 408.0 494.4 396.0 259.0 137.0 100.4 24,200 
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These SRT Short fall storage volume shall be constructed near the existing/construction 

phase SRTs at the same ground level. The newly constructed SRTs shall have the same 

operating water level of the existing/constructing SRTs. 

The SRT short fall shown above are only considering 542MLD water supplied from 

Sundarijal WTP. 

2.5.4 Apply of hydraulic criteria 

In this design, the modeling conditions and parameters applied in the DSC03 are applied for 

consistency with the master plan, and the contents are as follows. 

1) BDS Pipe line is designed using 542MLD flow including all pipes of phase 1 and 2. 

2) EPANET program is used 

3) The velocity in pipe is maintained as 0.4 to 2.2 m/s 

4) Pressure head at the top of reservoirs inlets is 4m or higher. 

5) Hazen-William Friction Coefficient C = 130 for Ductile Iron Pipe 

6) Model is designed using static pressure at Sundarijal treatment plant (2m above outlet 

pipe level to eliminate air vortices in the pipe) at 1397m AMSL 

2.5.5 Review of pipe diameter by condition 

In order to determine the diameter of the BDS pipeline, we ran EPANET program applying 

all the pipe routes as per the above data. 

Considering that the reservoir inlet pressure is at least 4m, the core reservoir for the hydraulic 

calculation is Bansbari tank (N). If that reservoir inlet pressure is more than 4.0m, the treated 

water could be supplied stably to the other reservoir. As a result of the hydraulic review 

based on what is mentioned right before, the diameter of BDS pipeline was determined from 

D1,600 to D1,800 as shown below. 

 
< Figure 2.3 : Pipe Diameter of BDS by condition > 
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2.6 LAND ACQUISITION 

The pipeline route identified includes sections in roads and across fields.  The land 

requirements for the proposed bulk distribution mains differ during the construction and 

operation phases. 

2.6.1 Right of Way 

The pipeline right of way is the corridor of land above the pipeline which is permanently 

dedicated to the pipeline.  Therefore, no structures or roads can be constructed within the 

limits of the right of way without first obtaining the permission of the pipeline owner.  This 

enables the pipeline agency to review any changes in loading on the pipeline and, if 

necessary, allows for inclusion of additional protective measures to prevent any damage to 

the pipeline from the new construction, both during and after construction.  It also allows the 

pipeline agency to ensure that access to critical locations for operation and maintenance 

purposes is maintained. 

The required width of the right of way is dependent on several criteria. It must be wide 

enough to accommodate all normal operations and maintenance activities. It must also be 

wide enough to allow for any emergency activities. For example, if there is a leak or rupture 

in the pipeline, the right of way should be wide enough to allow for the excavation and repair 

or replacement of the defective section of the pipeline. 

Another consideration when determining the required width of the right of way is the 

possible inclusion of space for the future twinning of the transmission main. 

For the off-road sections of the pipeline, a permanent right-of-way of width 10.5 meters has 

been acquired. For the sections within existing roadways, the available width of roadway 

right-of-way varies from 4m to 8m. 

2.6.2 Working Easement and Techniques for Working in Congested Areas 

In some instances, the right of way is not wide enough to complete the initial construction 

efficiently and economically.  In some instances, such as in built up areas, existing surface 

and underground structures restrict the working space available and the size and capacity of 

equipment which may be used for the pipeline installation. 

The narrower sections will not permit traffic access along the roadway during construction, 

and will require the Contractor to arrange detours. 

Sewer Reconstruction 

The portion of the pipeline alignment within the existing roadway also contains an existing 

combined sewer (300mm diameter) located approximately in the middle of the road which 

will need to be relocated by the Contractor as part of the works. The section where the sewer 

pipe relocation is required is mainly along the Boudha road as shown in Figure 2.4 and Figure 

2.5 illustrates how the sewer relocation will be undertaken in stages: 
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 The new (relocated) sewer and manholes are reconstructed in segments. 

 New house connections are provided to the new segments, and a temporary tap to the 

downstream existing sewer is provided. 

 The old house connections and sewer segments are removed. 

 The new line is advanced downstream, and the process is repeated. 

 

 
< Figure 2.4 : Sewer Relocation Map> 
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< Figure 2.5 : Sewer Relocation Procedure> 

 

Because of the narrow width of the roadway, the sewer relocation in several areas will need 

to be performed prior to construction of the water pipeline. 

 



DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

 
 
 

15 

2.7 PIPELINE POSITION 

2.7.1 General 

When considering the position of the pipeline one must consider the impact of the 

construction and operation of the pipeline on existing features and also the impact of those 

features on the pipeline.  The most significant aspects to consider are outlined below. 

2.7.2 Adjacent Construction 

The pipe trench should, wherever possible, not be closer than 5 m to existing structures to 

avoid possible failure of foundations etc. During construction of the pipeline some 

construction; walls, fences etc, will be damaged and it will be the contractor‟s responsibility 

to repair or reinstate these items. 

If it should prove necessary to construct the pipe trench closer to any existing structures it 

will be specified that the contractor must take particular care and take all measure to ensure 

the safety of the structure. If 5 m is not available, vertical trench with support system such as 

shoring will be applied to acquire the stability of ground. In unavoidable case if depth of pipe 

could not be maintained, pipe with concrete casing will be installed shallowly. The structure 

will be inspected before and after completion of the works to assess any damage. 

2.7.3 Other Utilities 

Other utilities generally have requirements to protect their services from damage. Detailed 

requirements will be determined by discussions with the concerned authorities. The general 

requirements are as follows:  

 Power Lines: The closest a pipeline can be laid to power lines, as per Nepal Electricity 

Authority, is 6 m vertically and not interfering with transmission tower foundation 

horizontally. 

 Telephone Cables: Pipelines should be laid below the telephone cables and should not 

interfere with the manhole structure of the cables. 

 Sewers: It is preferable to install the water pipeline above sewer lines. Horizontally, water 

lines should be laid to avoid the sewer manhole structure and have a minimum of 3 m 

distance (2 m trench separation). 

 Water Supply: BDS pipe is as large pipe as 1800~1600mm. Therefore, if existing water 

supply pipe line encounters/interferes in BDS pipe line, the existing one shall be relocated 

as required. In case of BDS line adjacent to the existing line, the minimum spacing 

between two lines must be above 50 cm. Otherwise, in case of the under 50 cm spacing, 

concrete casing need to be installed to protect the pipe. 

2.8 LAND REQUIREMENTS 

2.8.1 Trench Requirement 

The excavation of the trench is, of course, necessary to install the pipe.  The trench 

dimensions are determined by the design grade (depth) of the pipe and the soil properties.  
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Once the depth has been determined, the trench configuration is dependent on whether the 

excavation will be free standing or supported by shoring.  Shored excavations for a short 

duration, as in a moving trench, are usually much more expensive and only used in confined 

areas or areas with very poor ground conditions. 

The bottom width of the trench is determined by the outside diameter of the pipe plus an 

allowance to allow proper placement and compaction of backfill material around and under 

the pipe.  The dimensions are given in Section 3. If the ground conditions are such that it is 

necessary to exceed this amount, special provisions may be required to ensure the pipe is 

adequately supported.  This could include using a stronger class of pipe or a higher class of 

backfill around the pipe or both. 

From the bottom of the trench it is normal for the trench wall to be vertical to 0.3 m above the 

crown of the pipeline.  An assessment of the soil conditions must be made to confirm that this 

height does not exceed the safe height for a short-term unsupported face.  Above this point 

the trench wall will be sloped back.  A slope of one vertical to one horizontal is common.  

Depending on the soil profile‟s integrity this side slope may be steepened, or in the worst 

case, may have to be flattened.  By extending the side slopes to their intersection with the 

ground surface, the top of trench width can be determined. 

2.8.2 Trench Spoil 

The trench excavation produces an equal amount of material that must be stockpiled.  As this 

excavated material is not compacted the stockpile volume will be larger than the trench 

volume.  As this is a significant amount of material, it is preferable to stockpile it alongside 

the trench rather than to haul it away and then haul it back to site for backfilling.  However, 

this may not be possible in some of the narrower sections of the roadway alignment.  The 

contractor may choose to use the excavated material as backfill over the pipes nearby, thus 

reducing the double handling and the working space required. 

2.8.3 Material Storage 

The pipe and other construction materials (bedding material, etc) must also be stored either 

along the alignment or at a designated storage site or sites.  This would require additional 

equipment at the storage site to load and haul the material to site as needed for installation. 

2.8.4 Contractor’s Equipment 

Depending on the type of pipe and specifically its jointing method, a certain amount of space 

is required along the top of the trench for the installation.  Large cranes, trucks and other 

equipment must have access to this area to permit the pipe installation. 

2.8.5 General Access, Detours and Traffic Management Plan 

During construction of the pipeline, good general access is required to the site, and to homes 

and businesses along the site.  The Contractor shall be required to program his work in such a 

way that, wherever the temporary closure of street sections to public thoroughfare cannot be 

avoided, the duration of traffic diversion can be kept as short as possible.  No streets shall be 

closed and no detours shall be introduced and no traffic diverted until the Contractor's 



DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

 
 
 

17 

proposals have been approved by the Engineer and the appropriate Government authorities, 

such as the Roads Department and Traffic Police. 

BDS Construction from Sundarijal WTP to Gokarna Junction is planned on the 13m width 

road provided from KUKL. This road is very wide and not used as public road but only used 

for BDS construction and BDS maintenance. Thus, the detour plan is only planned from 

Gokarna Junction to Chabahil Junction. 

Figures 2.6 shows one sections of the pipeline alignment which are in existing roads and will 

likely require detouring of ordinary traffic during construction. 

 

 
< Figure 2.6 : Map of Detour plan> 

 

Figure 2.6 indicates a heavily populated segment of the pipeline alignment in the roadway, 

and it will be relatively easy for the Contractor to design short detours which minimize loss 

of roadway access to adjacent homes and businesses. Figure 2.6 suggests above detours, 

however the final arrangements should be left to the Contractor to design. 

2.8.6 Laying the Pipes in the Dry 

The pipes must be laid in the dry.  Should the inflow of water from the surrounding soil be 

such that dry conditions cannot be maintained by simple pumping a well point system may be 

necessary.  The well points may increase the working space requirements. 
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2.9 Crucial Points in BDS05 

2.9.1 Narrow Section  

At section 4+720 of BDS design, there is a very narrow road where BDS0 is already laying. 

BDS05 is planned at the right side of the air chamber of BDS0. Since there is a retaining wall 

above the BDS05 route, the retaining wall shall be demolished during construction and 

reconstructed after BDS05 pipe works are finalized. See Figure 2.7 for details. 

 

 

< Figure 2.7 : Drawing of Narrow Section> 
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2.9.2 Gokarna junction BDS Crossing  

Near Gokarna junction where the chain number is 5+80, BDS05 will be crossing the existing 

BDS0. BDS05 is designed to go below the existing BDS0 pipe line. The distance between 

two BDS is planned minimum 50cm away from each other to secure stability. See Figure 2.8 

for details. 

 

 

 

< Figure 2.8 : Drawing of BDS0 and BDS05 Crossing> 
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SECTION 3 
Ductile Iron Pipes and Fittings 

 

Pipes and Fitting 

 

General 

 

Ductile iron pressure pipes and fittings shall comply with ISO 2531. All pipes shall be 

Class K9, socketed unless otherwise specified. All fittings shall be socketed unless 

specified otherwise, fittings other than tees shall be K12, tees shall be K14.  The 

working pressure of all pipe and fittings shall be 16 bar. 

 

Materials 

 

The materials used in the manufacture pipes and fittings shall comply with ISO 2531. 

 

Tests 

 

Tests on pipes and fittings shall be carried out in accordance with ISO 2531. The 

Employer shall be permitted free access to the place to manufacture for the purpose of 

examining and witnessing the testing of pipes and fittings. 

 

Joints 

 

Flexible non restrained (push fit) 

 

These shall be flexible spigot and socket joints with sockets integral with the pipes 

and incorporating rubber rings recommended by the manufacturer and approved by 

the Engineer. Elastomeric gasket components shall comply with ISO 4633. 

 

Mechanical joints 
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These shall be flexible spigot and socket joints with the sockets integral with the pipes. 

The joint shall be sealed by compressions of a rubber ring in the socket by means of 

bolting. The joint shall be suitable for use on the spigot of normal push fit jointed pipe. 

 

Restrained joints 

 

These shall be push fit type joints and shall incorporate some means of preventing the 

spigot being withdrawn from the socket once the joint is made. The joint shall be able 

to withstand the forces imposed when testing the pipeline using an end cap fixed with 

the restrained joint. 

 

Flanged Joints 

 

These shall be as specified in Clause 3.08.1. 

 

Puddle and Thrust Flanges 

 

Puddle and thrust flanges shall comply with Clause 3.08.1 but remain un-drilled. 

 

Linings 

 

Pipes 

 

The pipes shall be internally lined in the factory with a sulphate resisting or portland 

cement mortar. The thickness and the lining shall be in accordance with ISO 4179. 

Prior to application of the lining the internal surfaces shall be shot blast cleaned to 

acceptable standard. The lining shall be applied centrifugally. The cement 

composition shall conform to BS 4027 or BS EN 197-1. 

 

Certain sections are amplified as follows: 

 

No additives shall be used without the written approval of the Engineer, and shall be 

used strictly in accordance with the manufacturer‟s recommendations. 
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The thickness of the lining at any one point shall not be less than the specified 

minimum thickness. 

 

All linings shall have a smooth uniform surface finish. 

 

Fittings 

 

The fittings shall be internally lined in the factory with either a cement mortar lining 

as specified for pipes or an epoxy coating. The epoxy coating shall be suitable for 

potable water by test certificate from an international health institute, shall be 

abrasion resistant, and shall be subject to the approval of the Engineer. The thickness 

of the lining shall be not less than 0.3 mm. Prior to application of the lining the 

internal surfaces shall be shot blast cleaned to acceptable standard. All linings shall 

have a smooth uniform surface finish. 

 

Coating 

 

General 

 

Unless otherwise specified, ductile iron pipes and fittings shall be zinc coated with a 

bitumen over coating, all in accordance with the following Specifications. Buried 

pipes and fittings shall also have a site or factory applied polythene sleeving. Pipe 

coatings shall be inspected on site and any damage or defective areas made good to 

the satisfaction of the Engineer. 

 

Zinc Coating 

 

Zinc coating shall comply with ISO 8197 and shall be applied as a spray coating. The 

mass of sprayed metal shall not be less than 130 g/m2 as described in Clause 5.2 of 

ISO 8197. 

 

Bitumen Coating 

 

Bitumen coating shall be of normal thickness 0.07 mm unless otherwise specified. It 

shall be a cold applied compound complying with the requirements of BS 3416 
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Type II, suitable for tropical climates, factory applied in accordance with the 

manufacturer‟s instructions. 

 

Damaged areas of coating shall be repainted on site after removing any remaining 

loose coating and wire brushing and rusted areas of pipe. 

 

Polyethylene Sleeving 

 

Unless indicated otherwise, polyethylene sleeving shall be provided in addition to 

bitumen coating.   Polyethylene sleeving shall comply with ISO 8180. 

 

Site applied sleeving shall be stored under cover, out of direct sunlit, and its exposure 

to sunlight shall be kept to a minimum. Pipes having a factory applied sleeving must 

be stored in the same conditions. 

 

Pipe Marking 

 

In addition to the marking required to comply with ISO 2531, the pipes and fittings 

shall bear readable and indelible marks as follows: 

 

A unique identification number 

 

Spigot ends will show control marks for ease in connection. 

 

Pipes which are gauged to allow them to be cut shall be marked by a two 

diametrically opposed longitudinal lines each at least 20mm wide. 

 

Slip-on Type couplings 

 

Slip-on type couplings shall include the following couplings: 

 

Straight flexible couplings; 

Stepped flexible couplings; 

Flange adapters 
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Dismantling joints. 

 

Slip-on type couplings shall be from the Viking Johnson System manufactured by the 

Victaulic Company or similar approved and suitable for use with ductile iron pipes 

manufactured to ISO 2531. 

 

All nuts, bolts and washers used in the construction of the coupling shall be cadmium 

plated. 

 

Flanges which mate with pipes, fittings and valves shall be drilled to BS EN 1092-2 

(ISO 2531) 

 

Gaskets and jointing rings shall comply with Clause 3.08.3 

 

Gate Valves 

 

Gate valves shall comply with BS EN 1171. All valves shall be suitable for use with 

potable water. Valves complying with BS 5163 are acceptable provided that they also 

comply with BS EN 1171. 

 

Specific Clauses of BS EN 1171 are amplified as follows: 

 

Types of valves 

 

Solid with non-rising stem. 

 

Nominal sizes 

 

All valves shall be flanged end PN designated non-clamp type valves. Sizes as 

indicated in the Bill of Quantities. 

 

Nominal Pressure 

 

PN 16 unless otherwise indicated in the Drawings or Bill of Quantities. 
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Dimensions 

 

Valves shall be Basic Series 3 as Table 3. 

 

General 

 

Flanged and drilled to BS EN 1092-2 (ISO 2531) 

 

Bypasses 

 

Gate valves used on the Contract shall not be fitted with bypasses. 

 

Body Tapping 

 

As specified to BS 21 (ISO/R7) fitted with bronze or gunmetal plug. 

 

Operation 

 

Gate valves shall be provided with cast iron handwheels or square heads for tee key 

operation as detailed in the Bill of Quantities. 

 

The direction of operation shall be clockwise to close the valve. 

 

Handwheels shall require a force not greater than 20 kg on the outer rim to operate 

with a balanced pressure across the valve. 

 

Tee keys shall require a force not greater than 12 kg applied at the opposite ends of a 

standard key from the closed position. 

 

Choice of Materials 
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Brasses shall not contain more than 5% zinc gunmetal to BS 1400 Grade LG3; 

aluminum bronze or nickel copper alloy may be employed for internal components. 

Body and wedge shall be of spheroidal or cast grey iron. The valve body and other 

uncoated ferrous parts shall be painted with epoxy paint 250micron thick. 

 

Test Certificates 

 

The Supplier shall provide a test certificate confirming that the valves have been 

tested in accordance with BS 5150 and stating the actual pressures and medium used 

in the test. In addition the Supplier shall ensure that the Purchaser has access to the 

manufacturer‟s works at all reasonable times for the purposes of inspecting the 

assembled valves and witnessing testing. 

 

Butterfly Valves 

 

Butterfly valves shall comply with BS 5155 Table 6. Double flanged long or other 

approved standards. Nominal pressure rating PN16 unless indicated otherwise in the 

Drawings or Bill of Quantities.   Flanges drilled to BS EN 1092-2 (ISO 2531). 

 

Materials shall be as follows: 

Body: Ductile iron SG 400-15 to Bs 2789 

Body sealing ring: gunmetal LG2C to BS 1400 

Disc: SG 400-15 ductile iron to BS 2789 

Seal retaining ring: bronze 

Shaft: stainless steel 304 in self lubricants bushes 

Internal bolts, nuts and set screws: stainless steel 

Body and disc painted with epoxy 250 micron thick 

 

Manual devices for operation shall be so geared that under the operating conditions as 

specified herein, the maximum force on the rim of the handwheel, crank, or other 

necessary for operation shall not exceed 20 kg and the maximum torque shall not 

exceed 5.5 kg/m. A spur, bevel, or work gear reduction unit, if required, shall be 

attached to the pinion shaft of the operating mechanism. 

 

The reduction gears shall be made of steel with machined teeth and unless otherwise 

provided, they shall be enclosed in a cast iron or fabricated steel sealed housing with 
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oil seals, and shall operate in an oil bath. The pinion shaft and screw stems shall be 

made of alloy steel. The pinion shaft shall be provided with bronze sleeves. 

 

The thrust bearings at each end of the pinion shaft shall have external fittings to 

permit lubrication with grease. The screw stem shall have a thrust bearing of the ball 

or roller type which can be lubricated with grease through an external fitting. 

 

The gearbox shall indicate the position of the disc, shall be suitable for installation in 

a wet chamber and shall be suitable for electric actuation. 

 

Test certificates shall be supplied with each valve. 

 

Automatic Air Relief Valves 

 

Design of Air Valves 

 

Automatic air relief valves shall conform to AWWA C512 and be designed to meet 

the following conditions: 

 

Discharge air during charging of the pipeline 

Admit air during emptying of the pipeline, or when the pipeline pressure falls below 

atmospheric pressure during a surge event 

Discharge air accumulated at local peaks along the pipeline under normal operating 

condition. 

 

Conditions (a) and (b) shall be met by the employment of a large orifice capable of 

handling large volumes of air at a high flow rate, and condition (c) by a small orifice 

capable of discharging small quantities of air as they accumulate. 

 

Valves with air intakes or exhaust facilities shall have approved screening 

arrangements to prevent the ingress of air borne sand. 

 

Types of Air Valves 

 

Double Acting Air Valves 
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These shall combine both large and small orifices within one valve. The large orifice 

shall be sealed by a rigid float and the chamber housing shall be designed to avoid 

premature closing of the valve by the air whilst being discharged. 

 

The small orifice shall be sealed by a float at all pressures above atmospheric except 

when air accumulates in the valve chamber. 

 

Single Air Valves 

 

These include a small orifice only operating in a manner identical with the small 

orifice in a double acting valve. 

 

General Specification 

 

The nominal pressure range shall be PN 16 unless indicated otherwise in the 

Drawings or Bill of Quantities. 

 

Body ends shall be flanged with raised faces and drilled BS EN 1092-2 (ISO 2531). 

  

The materials for the valves shall be as follows: 

 

Body cover and cowl  - Ductile Iron SG 400-15 to BS 2789 

Small orifice   - Ductile iron with gunmetal seat 

Small orifice float  - Rubber covered or other approved 

Large orifice   - Ductile iron with rubber seat 

Large float   - Vulcanite covered or other approved 

 

Body and other uncoated ferrous parts painted with epoxy 250 micron thick 

 

Tests 

  

Test certificates shall be provided with each valve showing. 
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Hydraulic testing to at least 1.5 x working (rated) pressure or high pressure strength 

test 

Low head leakage tests 

Small orifice testing 

Large orifice discharge test 

 

During the tests the air flow rates shall be measured by orifice plates in accordance 

with BS 1042.  Pressures (positive and vacuum) shall be measured by Bourdon tube 

gauges in accordance with BS 1780, or by means of a mercury-in-glass manometers.  

The temperature of the flowing air shall be measured in accordance with BS 1041: 

Part 1 and Part 2.  The barometric pressure shall also be measured. 

 

Float Valves 

 

General 

 

The nominal pressure range shall be PN16 unless indicated otherwise in the Drawings 

or Bill of Quantities. 

 

The float valve shall have a right angle discharge and consist of a ported globe valve 

(Glenfield and Kennedy Type 1048 or similar) the operation of which is controlled by 

float. The flow through the valve shall be controlled by the level of the float. The float 

shall control the movement of the piston by a direct lever system. 

 

The materials of construction of the valve will be: 

Body     Ductile Iron SG 400-15 to BS 2789 

Cylinder     Ductile Iron 

Fulcrum Bracket     Ductile Iron 

Piston      Ductile Iron 

Seal, Guides and Piston Seal Holder Gunmetal 

Face and seals    Synthetic Rubber 

Liner and Pins    Bronze 

Links     Mild steel cadmium plated 
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Lever     Mild Steel 

Float     Plastic or tinned copper 

 

Body ends shall be flanged with raised faces and drilled BS EN 1092-2 (ISO 2531). 

 

Body and lever and other unprotected ferrous parts painted with epoxy 250 micron 

thick 

 

Particular Requirements 

 

The float valves shall comply with the following criteria. 

 

Location Maximum 

Head m 

Valve Dia. 

mm 

Maximum 

Flow l/s 

Average 

Flow l/s 

Mahankalchaur BPT 36 500 600 220 

 

Tests 

 

The body shall be tested to 1.5 times the rated pressure and the closed assembly tested 

to the rated pressure for leakage.  Test certificates shall be supplied with each valve. 

 

Flow Control Valve 

 

General 

 

Flow control valves shall be hydraulically operated pilot controlled diaphragm valve 

with solenoid operated closure control. 

 

The valve shall limit the flow rate to the specified value regardless of the pressure. 

The valve shall be controlled by a differential pilot valve sensing the pressure 

differences caused by an office plate. The de-energizing of the solenoid shall cause 

the valve to shut tight. 
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The main valve shall consist of a removable Aluminum-Bronze seat and resilient 

rubber seal fully supported by a seal disc. 

 

The stem will be guided at the top by a replaceable guide bearing in the valve bonnet, 

and at the bottom, by an Aluminum-Bronze centering device, connected to the seal 

disc and moving freely inside the seat. 

 

No bottom guide bearing is permitted. 

 

The synthetic rubber diaphragm will be fully supported, top and bottom, by rigid discs 

and will be connected to the stem in a way which enables fast and easy replacement 

on site. 

 

No external packing gland and piston activation is permitted. 

 

The valve will be equipped with a position indicating rod. 

 

The pilot system shall contain a differential pilot designed to close when the 

controlling differential exceeds the adjustable spring setting. The pilot control is 

normally held open by the force of the compression on the spring above the 

diaphragm and it closes when the pressure acting on the underside of the diaphragm 

exceeds the spring setting. The pilot control system shall contain a fixed orifice. No 

variable orifices shall be permitted. 

 

The orifice plate flange assembly shall be of non ferrous material. 

 

Small diameter non ferrous pipework, valves, strainers shall be provided to allow 

operation of the system. 

 

Large diameter pipework including necessary, tapers, dismounting joints etc shall be 

supplied to allow installation of the valve in the feed main specified.  Connections to 

other pipework shall be flanged and drilled to BS EN 1092.2 to PN16. 

 

All ferrous items shall be protected by an epoxy coating with a minimum 300 microns 

thickness. 
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Tests 

 

Each pressure and flow control valve shall be tested at the manufacturer‟s works as 

follows: 

 

Body strength: closed end test, valve open, test pressure 1.5 times working pressure 

Valve element strength: open end test, valve closed, test pressure applied to inlet end 

of 1.5 times working pressure 

Leak tightness: open and test, valve closed, test pressure of the working pressure 

applied to inlet end, no visible leakage permitted. 

 

Test certificates shall be supplied with every valve. 

 

Pressure Reducing Valve 

 

General 

 

Pressure reducing valves shall be hydraulically operated pilot controlled diaphragm 

valve of a similar design to the flow control valve. 

 

The valve shall limit the downstream pressure to the specified value regardless of the 

flow. The valve shall be controlled by a differential pilot valve sensing the 

downstream pressure. 

 

The main valve shall consist of a removable Aluminum-Bronze seat and resilient 

rubber seal fully supported by a seal disc. 

 

The stem will be guided at the top by a replaceable guide bearing in the valve bonnet, 

and at the bottom, by an Aluminum-Bronze centering device, connected to the seal 

disc and moving freely inside the seat. 

 

No bottom guide bearing is permitted. 
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The synthetic rubber diaphragm will be fully supported, top and bottom, by rigid discs 

and will be connected to the stem in a way which enables fast and easy replacement 

on site. 

 

No external packing gland and piston activation is permitted. 

 

The valve will be equipped with a position indicating rod. 

 

The pilot system shall contain a differential pilot designed to close when the 

controlling pressure exceeds the adjustable spring setting. The pilot control is 

normally held open by the force of the compression on the spring above the 

diaphragm and it closes when the pressure acting on the underside of the diaphragm 

exceeds the spring setting. The pilot control system shall contain a fixed orifice. No 

variable orifices shall be permitted. 

 

The orifice plate flange assembly shall be of non ferrous material. 

 

Small diameter non ferrous pipework, valves, strainers shall be provided to allow 

operation of the system. 

 

All ferrous items shall be protected by an epoxy coating with a minimum 300 microns 

thickness. 

 

Particular Requirements 

 

The pressure reducing valves shall comply with the following criteria. 

 

Location Control 

Head m 

Maximum 

Head m 

Dia. of 

main 

mm 

Maximu

m Flow 

l/s 

Average 

Flow l/s 

Mahankalchaur 

BPT 

7 36 500 600 220 
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The valve shall be complete any necessary pipework to allow installation in a length 

of 1200mm. The connections to other pipework shall be with flanges drilled to BS EN 

1092-2 to PN 16. 

 

Tests 

 

Each pressure reducing valve shall be tested at the manufacturer‟s works as follows: 

 

Body strength: closed end test, valve open, test pressure 1.5 times working pressure 

Valve element strength: open end test, valve closed, test pressure applied to inlet end 

of 1.5 times working pressure 

Leak tightness: open and test, valve closed, test pressure of the working pressure 

applied to inlet end, no visible leakage permitted. 

 

Test certificates shall be supplied with every valve. 

 

Check Valves 

 

Check valves shall comply with BS 5153, and be suitable for use with potable water. 

The valve shall close using a lever weight arrangement. 

 

Details are follows: 

 

Nominal Pressure PN16 unless otherwise indicated in the Drawings or Bill of 

Quantities. 

 

Body Flanged with flanges drilled to BS EN 1092-2 (ISO 2531). 

 

Materials: 

 

Body and cover plate  - Ductile iron 

Resilient Disc  - Steel EPDM encapsulated 

Hinge Pin  - Stainless Steel 
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Hinge Bush  - Copper Alloy 

Lever Arm  - Steel 

Weight   - Ductile Iron 

 

The body, cover plate and other uncoated ferrous parts shall be painted with epoxy 

paint 250 microns thick. 

 

Tests 

 

Testing shall be in accordance with BS 5153, certificates shall be provided for every 

valve. 

 

Flap Valves 

 

Flap valves shall be circular door double hung. 

 

The valve shall be suitable for mounting on a wall or flanged pipework thimble. 

Valves for flange fixing shall be suitable for flanges drilled to BS EN 1092-2 (ISO 

2531). 

 

Materials: 

 

Frame  - Ductile Iron BS 2789 

Door  - Ductile Iron BS 2789 

Sealing faces - Copper Alloy 

Hinge links - Mild Steel 

Hinge brackets - Ductile Iron BS 2789 

Hinge Pins - Bronze 

 

All ferrous metal parts shall be painted with epoxy paint 250 microns thick. 

 

Tests 
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Flap valves shall be tested with a head of 5 m for free operation in opening and 

closing and for leak tightness. A certificate shall be provided with each valve. 

 

Penstock 

 

Penstocks shall be of the full frame type. 

 

The penstock shall be suitable for wall mounting with an offsetting head of 2m.  

 

The penstock shall have adjustable wedges to accommodate wear during the life of 

the penstock. 

 

Materials: 

 

Frame  - High Grade Cast Iron 

Door  - High Grade Cast Iron 

Sealing Faces - Copper Alloy. The sealing face shall be fixed to the door 

and frame using countersunk pegs in the some material as the sealing faces. 

Wedges  - High Grade Cast Iron 

Thrust housing - Cast Iron with low friction thrust washer and lubrication. 

Door Nut - Gunmetal 

 

Penstock operation shall be with a rising stem and a floor mounted headstock.  The 

headstock shall be of cast iron and fitted with a position indicator and handwheel. The 

operation shall be so geared that the maximum force on the rim of the handwheel 

shall not exceed 20 kg when there is a head of 2 m on the penstock. Stem bearings 

shall be gun metal bushed. 

 

Where headstocks are structurally mounted above penstock, then operating spindle 

extensions shall be used between the penstock and headstock. These shall be suitable 

for length adjustment during assembly and shall be fitted with universal couplings 

adjacent to the penstock and to the headstock. The two couplings shall be so 

orientated as to give a liner transmission of rotational movement between headstock 

and penstock stems. 
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Tests 

 

Penstocks shall be tested with an offseating head of 2 m for ease of operation with the 

headstock and for leak tightness.  A certificate shall be provided with each penstock. 

 

Marking of Valves and Fittings 

 

The valves and fittings shall bear readable and indelible marks as follows in the 

English language. 

 

 - a unique identification number 

 - manufacturing mark 

 - last two digits of year of manufacture 

 - nominal diameter 

 - nominal pressure 

 - confirming standards 
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PIPES 

3.1 INTRODUCTION 

Lahmeyer/ Mott Mac Donald/ Nepalconsult (1999) considered that ductile iron to be the 

optimal pipe material for this project. All of the BDS up to date have been constructed by 

applying ductile iron and are under construction. A discussion of pipe material considerations 

from their earlier design report follows. 

3.2 ASBESTOS CEMENT 

The water supply authorities in Nepal have adopted a policy of not using asbestos cement 

pipes; therefore their use was not considered for the bulk distribution mains. 

3.3 PRESTRESSED CONCRETE NON-CYLINDER PIPE 

It was not known whether prestressed concrete non-cylinder pipe had been used in 

Kathmandu as pressure pipes.  The performance of this type of pipe in other countries has a 

varied track record with frequent bursts often being reported.  Considering this history this 

type of pipe was not recommended for the bulk distribution mains. 

3.4 PRESTRESSED CONCRETE CYLINDER PIPE 

There are no manufacturing facilities for PCCP in Nepal.  The BDS and prospects of future 

large diameter pipeline projects is not large enough to encourage a factory to be established 

in Kathmandu.  The pipes do not have a significant cost advantage over other alternative: 

therefore they were not considered further for the bulk distribution mains. 

3.5 PLASTIC 

PVC-U and polyethylene (MDPE and HDPE) pipes are used in Nepal for both transmission 

and distribution pipelines. The size range of the pipes is limited and there is a risk of damage 

if the pipes are used in areas where construction will take place in future. For big size pipes, 

HDPE are not manufactured since its not cost effective compared to metallic pipes such as DI 

& Steel pipes. Joints and pressure rating for large diameter pipes are also limited. To ensure 

the pipeline has good structural properties, a high standard of bedding is required. Without 

good storage conditions plastic pipes deteriorate, and storage of materials for future repairs 

may be difficult. The use of plastic pipes for the bulk distribution mains would mean two 

types of material are used, plastic for the smaller mains, and steel or ductile iron for the larger 

mains. However, the smaller diameter pipes are generally required in the higher pressure 

sections of the BDS and plastic pipes are not particularly suited to the duty. 

3.6 GLASS FIBRE REINFORCED THERMOSETTING RESIN 

There are no manufacturing facilities for large diameter glass reinforced plastic (GRP) pipes 

in Nepal.  The pipes can be manufactured for any pressure rating and may be used for large 
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and small diameter pipelines.  They have the advantage that they are comparatively light and 

easy to install and they are resistant to corrosion.  They are flexible pipes which require good 

quality bedding; they can be damaged by rough handling.  The pipes do not have a significant 

cost advantage over other alternatives and therefore they were not considered further for the 

bulk distribution mains. 

3.7 STEEL 

3.7.1 General 

There is only limited experience of the use of steel pipes in distribution systems in Nepal. 

Steel pipes have the advantage that they can be designed for any pressure and this can result 

in cost savings.  The design of the pipes for a particular pressure does limit future options 

unless the pipes are designed taking into account future loading.  The pipes can be designed 

to withstand considerable longitudinal forces eliminating the need for anchor (thrust) blocks 

in many locations.  The joints are generally welded giving little tolerance for ground 

movement or for making on-site adjustment to the pipeline alignment during installation. 

The same companies that fabricate the pipe could weld the joints of the pipes on site.  It was 

considered that the pipes would either have to be laid and the pipes jointed in the pipe trench 

or welded on the edge of the trench and then lowered/snaked into the pipe trench.  Welding 

the joint in the trench would require a large excavation at each joint to allow access for the 

welder to make the joint.  For the larger pipes it will take a day to make each joint.  Trench 

sheeting would generally be required to ensure there is no danger of trench collapse whilst 

welding or coating the joint.  The alternative of welding the pipes on the edge of the trench 

and then lowering/snaking them into the pipe trench was not considered practical for the 

following reasons: 

 A larger working easement would be required than is generally available. 

 A large amount of trench would need to be open to snake the pipes into position. 

 The heavy lifting equipment needed to move the pipes is not available. 

The pipes require a good standard of bedding to ensure deflections are not excessive. 

The addition of new sections of pipeline to an existing steel system requires specialist skills 

in welding.  The location of tees and fittings may also be limited as tees must be made in 

single plate and not include joints. 

3.7.2 Bedding 

The initial geotechnical field surveys (refer to Appendix A for the details) indicated that the 

native soil material would be likely to be fine-grained soil.  This type of material provides 

very little support to flexible pipes such as steel pipes and, in order to enable the pipeline to 

withstand soil, vehicle and other imposed loads, a reasonable quality of bedding would be 

required.  The recommended bedding would need to comprise of at least a cradle of graded 

gravel, and a blanket of native material. 

3.7.3 Operation and Maintenance 
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General pipeline operation and maintenance will include regular inspection and operation of 

all valves plus periodic inspection of the route for illegal connections and visible leaks. 

If a cathodic protection system is installed the requirements for operation and maintenance 

are greater for steel pipe than any other material.  The operation of the system must be 

regularly monitored and periodically anodes and/or electrical components which are required 

to maintain the protection will require replacement. If an impressed current system is 

installed there will be operational costs associated with the electricity consumed to provide 

the pipeline protection. 

3.8 DUCTILE IRON 

3.8.1 General 

Nepali contractors have experience of laying ductile iron pipes up to 1,400 mm diameter.  

Based on experience, there will be no difficulty for Nepali contractors to lay 1,600 mm ~ 

1,800 mm diameter which is applied to this design, including the following topics: handling 

of pipes and fittings; laying; jointing; setting of valves, specials, and fittings; cutting of pipes; 

anchor/ thrust blocks and pedestals; internal pipe cleaning; and pipe testing.  The required 

skills are easily learned, and the equipment for laying large diameter pipes is available 

locally. 

The pipes are relatively strong; they can withstand large external loads with modest bedding.  

The majority of standard pipes and fittings can handle pressures up to 16 Bar.  The flexible 

joint system means that earthquake movements can be accommodated.  Restrained joints can 

be provided by most manufactures where the pipes are to withstand some longitudinal forces; 

however, generally thrust blocks are required.  The strength of the pipes means they are less 

likely to be damaged than other materials. 

Ductile iron pipes can be laid quicker with short lengths of trench open at any one time.  This 

can have a positive impact on the contractor‟s overheads and disruption to road traffic.  The 

system can be modified and additional facilities easily added to the pipe network. 

3.8.2 Lining 

The lining for ductile iron pipes will generally be cement mortar.  For fittings epoxy coating 

may be used because it is often difficult to apply cement mortar to fittings. 

3.8.3 External Coatings 

The standard coating for ductile iron pipes is zinc coating of 200 g/m
2
 followed by bitumen 

coating.  This coating system is satisfactory for non-aggressive soil; however, polythene 

sleeving is generally provided to give additional protection. 

3.8.4 Bedding 

Ductile iron pipes are semi-rigid pipes and generally do not require bedding to be of as high a 

standard as steel pipes. It is possible to use the native material in both the cradle and blanket; 

however, care must be taken in the placing and compaction of the material in the cradle to 
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ensure that adequate support is provided and an arrangement with a small cradle in granular 

material may be preferred. 

3.8.5 Operation and Maintenance 

General pipeline operation and maintenance will include regular inspection and operation of 

all valves plus periodic inspection of the route for illegal connections and visible leaks. 

 

3.9 RECOMMENDED MATERIAL 

Consultant has compared Ductile Iron (DI) pipe and Steel pipe for the BDS design. The 

comparisons of these two materials are shown below. 

 

Table 3.1 : Comparisons of DI and Steel 

Pipe material 

Item 
DI Steel 

Basic 

Properties 

Tensile strength 

(kgf/mm
2
) 

43 41 

Elongation (%) 10 or more 18 

Hardness(Hb) 230 or less 140 

Modulus of elasticity 

(kgf/cm
2
) 

1.6×10
4
~1.7×10

4
 2.1×10

4
 

Poissons ratio 0.28~0.29 0.3 

Impact strength(kg.m) 8~15.9 6~20 

Specific gravity 7.20 7.75 

Coefficient of thermal 

expansion(cm/cm
0
C) 

1.0×10
-5

 1.5×10
-5

 

flexural 

rigidity(kgf/cm
2
) 

61 or more 40 

Compression 

strength(kgf/cm
2
) 

99~340 25~20 

Maximum allowable 

velocity(m/sec) 
5.0 6.0 

weight Heavy compared to Steel 
It is about two-thirds of 

ductile iron 

impact resistance 

It has strong resistance 

against internal and 

external pressure and 

impact 

It has high strength and 

very high elongation, so 

it is very strong against 

internal and external 

impact and very 

adaptable to deformation 

electric insulation 
It is no corrosion by 

electricity. 

It is vulnerable to 

corrosion by electricity. 
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Pipe material 

Item 
DI Steel 

Earth pressure and road load 

Strong against external 

pressure such as vehicle 

load, earth pressure 

It is very resistant to 

impact and vibration and 

is not destroyed by an 

external force which 

causes large deformation. 

Ground Deformation 

(earthquake) 

Separation of pipe in the 

joints can occur during 

earth quake or 

differential settlement, 

but faster repair can be 

done 

Stronger resistance to 

earth quakes and 

differential settlements 

due to welding 

conjugation, but longer 

repair time required. 

traffic 

It is possible to shorten 

the construction time 

when applied to the city 

and congested section 

because of its excellent 

workability, but it is 

difficult to handle the 

pipe because it is heavy 

in weight. 

Welding requires much 

construction time, which 

is likely to cause 

complaints when used in 

urban areas and 

congested areas 

Constructability 

• It is heavy and require 

separate equipment 

• It is possible to bend 

construction with short 

construction period and 

various types of pipes. 

• It is unnecessary to use 

expansion joints against 

temperature changes 

• It is easy to construct 

the river section and the 

urban congestion section. 

• It is light in weight 

compared to cast iron 

pipes, but it is also heavy 

and require separate 

equipment 

• laying period is long 

Because of welded joint 

• It is relatively difficult 

to construct the water 

section(river) Because of 

the welded joint, 

• On-site process ability 

is difficult. 

Constructability 

• It has excellent stretch 

ability and on-site 

workability 

• It is easy to construct 

under various conditions 

because of various types 

of fittings. 

• It takes a lot of 

transportation cost 

because it is heavy. 

• It is used for various 

purposes compared with 

other pipe materials   

because it is easy to 

produce large diameter. 

• In case of welding 

method, internal welding 

below D800 mm is 

impossible. 

• There is a risk of 

corrosion at the cut and 

perforated areas. 
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Although the Ductile Iron pipes are costly compared to steel pipes for large diameters, we 

selected DI pipe since it‟s commonly experienced by the national contractors. Ductile Iron 

pipe doesn‟t require high class welding technique and easier to repair compared to Steel 

pipes. Also, Steel pipe requires cathodic protection system which is relatively new to Nepal.  

New system requires new imported facilities to maintain the system. From previous 

experiences we saw disrepair and failure of the system when applying a totally new system in 

Nepal. If cathodic protection fails, the life of BDS pipeline system will be reduced and will 

cause leakages in the system. 

To minimize the issues, we have adopted DI pipe for BDS design. 

3.10 PIPE BEDDING AND BACKFILL (FOR USE WITH DUCTILE IRON) 

3.10.1 Definitions 

Cover – The distance between the top of the pipe and ground surface. Considered the dead 

load, live load of the top of the pipe and buoyancy, the following are the minimum cover 

requirements: 

   D1,800 mm   1.8 m 

   D1,600 mm   1.5 m 

For places where it can‟t meet the required minimum cover shall be concrete cased to acquire 

stability from buoyancy and external force. 

Backfill (main fill) – The approved filling material placed in a pipe trench after the pipe has 

been laid, bedded and surrounded by the blanket that has been compacted at the sides and 

over the top of the pipe. 

Bedding – The material, and the operation of placing it, of the bedding cradle and blanket, up 

to the underside of the backfill. 

Blanket – The bedding zone in which selected material is placed and compacted on or from 

the top of the cradle up the sides and over the top of the pipe in such a manner that the barrel 

of the pipe is supported continuously and firmly on the sides and protected over the top by a 

dense cushion of material. 

Cradle – The bedding zone in which material is placed firmly and without voids under and up 

the sides of a pipe in such a manner that for all practical purposes the pipe cannot move or 

deflect. 

Details of a typical pipe trench are shown as below. 
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< Figure 3.1 : Details of typical pipe trench > 

 

 
< Figure 3.2 : Bedding dimensions > 

3.10.2 In Roads  

Special bedding and backfill is required at road crossings for two reasons, to ensure the pipe 

can support the additional loads and to limit settlement of the backfill which would cause 

damage to the reinstated road surface. 

To provide adequate support to the pipe it may be necessary to provide a graded gravel cradle 

and blanket, in extreme cases (very deep cover for example) it may even be necessary to 

encase the pipe in concrete. 

Settlement of backfill should be limited by adequate compaction.  It is more difficult to 

compact cohesive materials than granular materials therefore, in some cases, it may be 

necessary to replace the native backfill material with a coarser soil.  The type of backfill may 

only be determined when the works are constructed. However the geotechnical investigations 

will provide information for the quantities to be estimated during detailed design and to allow 

the degree of compaction to be specified. 

The type of bedding and backfill is also likely to change depending upon the type of road and 

whether the pipe is crossing the road perpendicularly or running along the road. 
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3.11 CONNECTING METHOD AND ACCESSORIES 

3.11.1 Connecting method of Joints 

The method used for connecting the ductile iron is mechanical joint, tyton joint and so on. 

For the whole diameter of pipe, the mechanical joint is adopted, which has rich usage 

performance and is the most reliable, safest. 

 

Table 3.2 : Comparisons of ductile iron joints 

 Mechanical Joint (Flanged joints) Tyton Joint (Push on joints) 

1. Shape 

  

2. Connecting 

Method 

• Tighten rubber ring by mechanical 

joint glands 

• Connection between mechanical 

joint glands and main body is 

performed by tightening the bolt at 

holes which is located to socket head 

and glands. 

• Connecting method of Rubber 

Ring Type 

• After fixing the globular-shaped 

rubber ring into the internal groove, 

insert the pipe and bind it 

3. Features 

• Good sealing and connecting 

method with elasticity 

• Allowable deflection angle is 4° up 

to D300mm, 3° up to D500mm, 2° 

up to D700mm, and is 1.5° for over 

D800mm 

• Depth of socket is deep so that 

there is movability along the pipe 

axis direction 

• Flexibility of pipe is free according 

to the variation of temperature. 

• Developed by U.S pipe company 

in U.S.A 

• Easy to connect with only one 

rubber ring 

• Allowable deflection angle of 

Tyton joint in the joint larger than 

Mechanical joint 

• Connecting process is simple so 

that pipe laying can progress quickly 

• Flexibility of joint is large and 

flexibility of pipe is free according to 

the variation of temperature 

4. Reason for 

selection 

• In terms of the safety, mechanical joint is definitely more guaranteed than 

tyton joint. Therefore, the mechanical joint is recommended as connecting 

method of ductile iron pipe. 
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3.11.2 Type of Joints 

Table 3.3 : Type of Joints 

Type Figure Description 

Mechanical 

joint 

 

 Mechanical joints are the basic joint that will 

be used for most of the BDS pipeline 

Mechanical 

coupling 

joint 

 

 Mechanical coupling joints are used where the 

plain ends of two pipes are facing each other 

and at 200m intervals for hydraulic test and 

chambers. 

Flange 

joint 

 

 Flange joints are required where fittings shall 

be easily removed and attached, such as valve 

joints etc. Flange joints are usually located 

inside the chambers. 
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SECTION 4 

PIPELINE ACCESSORIES 

4.1 LOACATION 

The location of the AIR VALVE, WASH OUT VALVE, and CONNECTION VALVE are 

planned as the details shown below; 

 

< Figure 4.1 : Planned location of valve > 

 
Table 4.1 : Size and number of each valve 

Item Places Size 

Line Valve Chamber 3 
D1800mm : 1EA 

D1600mm : 2EA 

Air Valve Chamber 9 Double Air Valve DN200 

Wash-out Valve Chamber 8 D400mm 

Connection Valve Chamber 3 

D1800mm × D1400mm(Sundalizal Connection) 

D1600mm × D700mm  (Gokarna Connection) 

D1600mm × D1400mm(Chabahil Connection) 

4.2 CHAMBERS 

Reinforced concrete valve chambers will be used for the various valves, air valves, wash-outs 

and bulk water meters, etc, of the BDS. The concrete chambers shall serve as housing, 

protection and convenient access to these pipe appurtenances. 

Inside the concrete chambers necessary concrete supports shall be provided for pipes and 

valves at appropriate locations. 

The headroom in the chamber shall be at least 1.80 m. However, the headroom could be less 

than 1.80 m because air valve is located at high points of pipe and in this case, for easy O&M, 

the chamber should be composed with consideration on the location and size of manhole 

cover. 
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Access to the chamber will be given via lockable cast iron covers with frames. The minimum 

horizontal dimension of the manhole should be 1.00 m. Manhole covers to be used in 

vehicular traffic roads shall have a bearing capacity of 400 kN. Covers for manholes in paths 

or in fields may be proposed for lower capacities of 250 kN or 40 kN respectively. 

All valve chambers shall be equipped with step irons of cast iron or ladders of hot dip 

galvanized steel. 

A pump sump with drain outlet shall be provided for drainage purposes. If the concrete 

chamber is surrounded by ground water special provisions shall be applied to prevent uplift 

of the structure (e.g. by increasing the concrete mass). 

For ventilation of the chamber a DN 200 cast iron or galvanized standpipe with protection 

cap will be proposed. The protection cap should include a non-corrosive insect screen. The 

vent pipe will be exposed from the concrete chamber from the slab. 

When the concrete chamber is within the main road, the exit point of the vent pipe will be 

laterally at the highest possible point of the chamber and lead to the nearest convenient outlet 

above ground such as foot path. 

4.3 AIR VALVES 

A typical arrangement of an air valve is shown in Figure 4.2. Air valves will be installed at 

all high points of the pipeline, in sections which form a peak with respect to the hydraulic 

gradient and on the downhill side of line valves. Air valves will also be installed between two 

line valves to make the proper time for replenishing and draining water in case that the length 

of pipe line is long and there is no protruded section along the profile of the pipe. If the 

length of pipe line is long, line valves will be installed at intervals of 1 ~ 3 km for O&M. So 

air valves should be close installed in front of one of higher line valve.  

Air valves shall be of combined type with a larger and smaller venting orifice which permits 

passage of large volumes of air for vacuum breaking and venting on starting up and closing 

down operation and a small venting cross section for release of small volumes of air under 

full internal operation pressure.  

Two types of air valves, namely Type A and Type B, shall be proposed for the various 

pipeline installations.  

4.3.1 Type A 

This type of air valve, which will be installed directly on the top of main pipe, is a general 

type which will be installed when there is no obstacle interrupting the installation of valve 

chamber.  
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< Figure 4.2 : Air valve Type A > 

4.3.2 Type B 

This type of air valve is included in difficult case that there is some obstacle underground or 

on the ground at the point of installation of air valve chamber. In this case, air pipe line, 

which is connected directly to the top of main pipe(BDS), will be connected to the point 

where air valve chamber could be easily installed and air will be released through this air pipe. 

 
< Figure 4.3 : Air valve Type B > 
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A line valve shall also be installed to allow inspection and repair of the valve without 

shutting off the main. All valves are flanged and shall be of PN 16. 

In general the following air valve types are recommended: 

double air valve DN 200 

 

4.4 LINE VALVES 

A typical arrangement of a line valve is shown in Figure 4.4.  

Line valves shall be provided at river crossings and at other locations where there is risk of 

damage to the main, they shall also be provided to allow sections of the pipeline to be 

drained.  As we do not recommend swabbing, valves larger than DN 300 will be butterfly 

valves because they are more economical than gate valves and technically desirable. They are 

lighter and shorter and still have the hydraulic properties similar conventional GVs. Only 

valves less than DN 300 (e.g. for valves in valve chambers, wash-out chambers etc) shall be 

of gate valve type.  

The valves shall be of double flange type, pressure class PN 16 and made of ductile iron 

protected by an epoxy coating. 

All valves shall have non-rising stem, closing clockwise, provided with suitable hand wheels 

for easy operation. Extension spindles and surface boxes shall be installed. Extension 

spindles will be connected to the handwheels by stem unit couplings. 

Line valves in large pipes can cause malfunction on highly pressurized sections. The by-pass 

valve shall be opened when the main valve is closed to disperse the pressure in the system to 

prevent malfunction of the line valves. 

Also, an air valve shall be installed just behind the line valve to release the air cause while 

valves function. 
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< Figure 4.4 : Typical arrangement of a Line valve > 

4.5 GATE VALVES 

Gate valves shall comply with DIN 3352 or equivalent standards. They shall be of the short 

construction type so as to keep the dimensions of the concrete chambers to a minimum. 

4.6 BUTTERFLY VALVES 

Butterfly valves shall comply with DIN 3354 or equivalent standards. The valve discs shall 

be provided with an endless rubber-sealing ring and be designed as double offset on shaft 

with optimum hydraulic flow pattern and low coefficient. 

4.7 BURST CONTROL 

Major water pipelines are sometimes fitted with burst control valves.  These are generally 

weight operated butterfly valves which close automatically by a paddle sensor if an excessive 

velocity is detected.  These valves do require maintenance and testing which would usually 

require shutdown and draining of the main. This is often not carried out even in Europe.  The 

Consultant is aware of a burst control valve failing to operate due to lack of maintenance in 

Glasgow, UK several years ago resulting in loss of supply to a major part of the city for 

several days.  This type of valve is not considered appropriate for this project. 

As it is recommended that the pipeline is generally buried along the whole of the pipeline 

route and adequate protected against corrosion, the risk of pipe bursts is minimal.  Ductile 

iron pipes also do not generally fail catastrophically, unlike older cast iron pipes or some 

concrete pipes.  It is therefore recommended that burst control valves are not provided. 
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4.8 WASH-OUTS 

The purpose of the Wash-Out is to flush out substance such soil or sand that can be left in the 

pipes during construction or operation. Also, it is used to empty the pipe for maintenance and 

emergency drainages. Thus, all Wash-Outs shall be installed at the lowest point of the pipe to 

drain out everything. 

There are usually limits in sizes of the Wash-Out because draining a large volume or water in 

a short period of time can cause impact in the system. Size of the Wash-Outs will be 

calculated for proper size to drain efficiently and for safety of the system. 

The outlet of the Wash-Out will be placed higher than the high-water level of the waterway to 

prevent counterflow of sewage. 

4.8.1 Drainage of Wash-Out Chambers 

Drainage valves are installed at the end of the Wash-Outs for operation convenience. If full 

drainage of the pipe is required, most of the water can be drained using the valve and then 

can be completely drained using the Wash-Out Chamber. 
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< Figure 4.5 : Drainage of Wash-Out Chambers Type A > 
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< Figure 4.6 : Drainage of Wash-Out Chambers Type B> 

 

WO-chambers shall be provided with drain pipes leading preferably to an existing drain 

system, open drain channels, ditches or water ways (Type 1).  Sizes of drainage facilities will 

vary with location.  The lower end of the drain pipe should be protected against the entry of 

dirt, animals and the ingress of surface water by a check or flap valve. 

In case drainage by gravity is not possible owing to topographical conditions, the drain water 

of the WO shall be discharged to a nearby concrete manhole with provision for an overflow 

(Type 2). From here the remaining drain water can be disposed by pumping or bailing. The 

same effect can be gained by connecting the WO-drain pipe to a DI stand pipe of suitable 

diameter. The upper end of the stand pipe above ground is furnished with a tee-piece which 

allows discharge of the BDS and disposal of the remaining drain water by insertion of a small 

submersible pump. 

4.9 CONNECTION VALVE 

There are 3 connection points at Sundalijal, Chabahil, Gokerna for the new BDS line. 

Connection Valve will be installed for connection and can be used for supplementation when 

problem occurs to the system. 
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< Figure 4.7 : Location of Connection valve > 

4.9.1 Sundarijal Connection  

Sundarijal Connection will be connected to the 1400mm diameter BDS line. 2 valves will be 

installed at this connection for proper operation and maintenance. One valve will be installed 

in the main pipe and the other will be installed in the connection pipe. 

 

< Figure 4.8 : Connection detail of Sundarijal Connection > 
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4.9.2 Gokarna Connection 

When problem occurs in the existing 1400mm diameter BDS system, water supply to the 

Tigeni and Katunje SRT will stop. The Gokarna connection will be connected the BDS at the 

700mm diameter BDS pipe to prevent discontinuance of supply to these areas. 

 

< Figure 4.9 : Connection detail of Gokarna Connection > 

4.9.3 Chabahil Connection 

Chabahil connection is the final connection with the existing BDS system. A connection 

valve chamber for convenience of O&M and will have the thrust block installed inside the 

chamber to prevent water hammer. 
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< Figure 4.10 : Connection detail of Chabahil Connection > 

4.10 THRUST BLOCKS  

In flexible non-restrained jointed pipelines (e.g. Tyton type joints or similar), forces at bends, 

tees, tapers, closed valves, dead ends etc must be absorbed by thrust blocks. Concrete thrust 

blocks take the forces from the pipeline and transmit them to the soil adjacent to the pipe 

trench. 

Thrust blocks shall be constructed of cast-in-situ concrete. The bearing faces of the thrust 

blocks must be placed against undisturbed natural soil. 

Thrust blocks were designed with the standard of the maximum pressure (10kgf/cm
2
) and the 

maximum velocity (3.0m/s). Dimensioning of the thrust blocks must be dependent on the 

bearing capacity of the prevailing soil. For the calculation of thrust blocks, there is appendix 

G to refer. 

In concrete chambers, thrust forces resulting from closed valves shall be absorbed by the 

concrete walls by means of puddle thrust flanges welded on the pipes. 

4.11 PIPES ON SLOPES 

Within the BDS system parts of the pipeline have to be installed on steep slopes. Considering 

the impact of a possible heavy earthquake, the use of an underground installation which 

presents a better overall stability is recommended. 
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The pipe alignment in the slope section has to be designed in such a way that pipe trench will 

cross the contour lines of the steep slope perpendicularly. In this way the trench walls will get 

better stability than by crossing the slope at an angle. 

We propose to install the pipes underground, fixed and secured by restrained joints and 

concrete blocks. Depending on the pipe laying sequence, pipes have to be laid in up-hill and 

down-hill direction. 

4.11.1 Pipe laying in an Uphill Direction 

If the pipeline has to be laid up hills, on steep slopes, proposed thrust block in this design can 

be used to secure the pipeline on the slope.  

Depending on the slope inclination, additional concrete trust blocks will be placed behind the 

socket part of every second or third pipe as required. 

4.11.2 Pipe laying in a Downhill Direction 

In case pipe laying works have to proceed in a downhill direction on steep slopes, restraint 

pipe joints will be required providing self-anchorage of the joints to prevent displacement or 

even separation of the pipeline. A sufficiently dimensioned concrete block, placed on upper 

end of the steep slope will secure the whole pipeline string.  

If the pipeline at the top of the slope continues in horizontal direction and a certain number of 

pipes are installed with restraint joints, this concrete block can be omitted. 

In general however, pipe laying in down-hill direction should be avoided considering the 

difficulties in installation of the pipes and the need to use restrained joints. 

4.11.3 Location of Uphill and Downhill Direction 

In these design, there are 3 sections of uphill and downhill direction above 30° as shown 

below. Those sections are considered as critical sections because the slope of each hill is 

quite steep. Therefore, the vertical bend of the pipe must be installed with casing of thrust 

block to protect the pipe. 
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< Figure 4.11 : Location of Uphill and Downhill Direction above 30° > 

 

Table 4.2 : Vertical Bend of the BDS pipe 

No. Chainage Pipe bend degree Pipe Diameter Remark 

1 
1+099 33.75° 1800 Uphill direction 
1+118 33.75° 1800 

2 
3+938 45° 1600 Uphill direction 
3+944 45° 1600 

3 
4+001 33.75° 1600 Downhill direction 
4+009 33.75° 1600 

4.12 PROTECTION AGAINST EROSION 

After field investigation, erosion protection shall be planned by the contractors based on their 

judgements. Locations with steep sloop shall be specially considered such as areas shown in 

figure 4.11. The three method of erosion protection is shown below; 

4.12.1 Surface Drainage System 

The backfill area of the pipeline at steep slopes must be kept free from concentration of 

runoff water. Near the upper edge of the slope a reasonably dimensioned storm water ditch 

will be provided. If the height of the slope is more than approximately 10 m, the slope should 

be intersected by one or more additional ditches. The ditches will collect the storm water 

before more concentrated streams develop. The surface of the ditches and the intermediate 

slopes shall be protected by planted vegetation, as outlined below. To stabilize very steep 

slopes, a sequence of gabions can be installed which will provide a secure protection at the 

hillside part of the berm. 
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4.12.2 Surface Protection by Vegetation 

The most adequate protection against erosion consists in planting of grass or, in special cases, 

in planting of small bushes. The surface to be protected will need a certain care and 

maintenance particularly immediately after planting of grass, but later the cultivated areas 

will remain safe with minimum maintenance. 

Along the proposed alignment of BDS pipe line, there is the section crossing Gokarna forest, 

which has steep slope with vegetation.  

 

 
< Figure 4.12 : Proposed alignment crossing Gokarna forest > 

 

4.12.3 Protection by Rockfill Layers 

At difficult areas, where water flows cannot be diverted easily or where traffic condition may 

not allow successful vegetation planting, a special protective layer may be prepared by use of 

rockfill material. The grain size distribution of this material will be carefully selected in 

accordance with the inclination and the expected water flow. Consultant is not expecting 

rockfill layers for erosion protection for this project but Contractors shall have detailed site 

investigation and make final decision.  
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4.13 RIVER CROSSINGS 

4.13.1 General 

River crossings may be made by: 

 Constructing a separate pipe bridge 

 Attaching the pipe to an existing bridge 

 Installing the pipe on the footpath of an existing bridge 

 Laying the pipe in the bed of the river in a siphon. 

A pipe bridge would be vulnerable to accidents or other attacks. The structure must be above 

maximum flood level. Additionally, a pipe bridge would require an earthquake resisting 

design, which would be very expensive taking into account the high ground accelerations to 

be expected in the Kathmandu Valley. 

Pipelines, connected to existing road bridges, are only permitted if these are connected 

laterally to its structure. This is of course a difficult solution since appropriate supporting 

structures have to be designed and incorporated to the existing bridge construction. The 

pipeline must not overload the structure and expansion joints would be required to 

accommodate movement of the bridge and pipeline. 

Permanent installation on footpaths of the bridge is not allowed by the DOR. 

The rivers to be crossed by the BDS have a low water level and flow at the end of the dry 

season. This will allow the pipes to be laid in the riverbed by diverting the river water. Hence 

normal pipe laying practice would suffice to achieve a technically and economical sound 

river crossing construction. 

For river crossings therefore we recommend a siphon design rather than a pipe bridge design 

due to safety and cost reasons.  

The pipeline itself will be surrounded by reinforced concrete, on top of which an approximate 

60 cm thick layer of adequately dimensioned rockfill material will be placed. The width of 

the layer will be in a range from 5.00 to 10.00 m as required by the specific site condition. 

Where the riverbed consists of solid rock, the pipe trench will be backfilled by use of 

concrete replacing the rockfill. The condition of the riverbed will be determined by 

geotechnical investigations. 

The banks at both ends of a siphon crossing of rivers or small streams will be protected by 

the construction of gabions at the adjacent slope up to the required elevation, depending on 

the expected maximum water level. 

In these design, there are three river crossings along the proposed alignment as shown below; 
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< Figure 4.13 : Location of River crossing > 

4.13.2 Bagmati River crossing 

The bed width of Bagmati River parallel to river crossing is 28.136 m. And the elevation of 

the riverbed is 1341.683 m, the elevation of riverbank is 1344.097m. The drawing of Bagmati 

river crossing is presented as below. 

 

 
< Figure 4.14 : Profile of river crossing perpendicular to Bagmati river > 
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< Figure 4.15 : Cross section of river crossing parallel to Bagmati river > 

4.13.3 Kolmati River crossing 

The bed width of Kolmati River parallel to river crossing is 3.293 m. And the elevation of the 

riverbed is 1336.216 m, the elevation of riverbank is 1336.850m. The drawing of Kolmati 

river crossing is presented as below. 

 

 
< Figure 4.16 : Profile of river crossing perpendicular to Kolmati river > 

 

 
< Figure 4.17 : Cross section of river crossing parallel to Kolmati river > 

4.13.4 Gokarna River crossing 

The bed width of Gokarna River parallel to river crossing is 6.638 m. And the elevation of 

the riverbed is 1324.418 m, the elevation of riverbank is 1325.806m. The drawing of 

Gokarna river crossing is presented as below. 
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< Figure 4.18 : Profile of river crossing perpendicular to Gokarna river > 

 

 
< Figure 4.19 : Cross section of river crossing parallel to Gokarna river > 

4.14 ROAD WORKS 

In general, all road works, road crossings and other works belonging to roads are subject to 

the approval of the Department of Roads in Kathmandu. They must be in conformity with the 

standards and special requirements of the DOR. For the approval of all road works, submittal 

of layouts and details and descriptions of the works to be executed are required by the DOR 

well in advance. 

Roads generally have to be crossed perpendicular to the road axis; however, in some cases 

the pipeline will run along the road. It is assumed the pipes will be installed in an open trench 

with the temporary diversion of vehicular traffic. The precise details of the temporary 

diversion and traffic control will be the responsibility of the contractor subject to the approval 

of the Department of Roads (DOR).  

The pipe trench backfill will continue up to the underside of the sub-base of the road surface. 

The installation of the road sub-structure and final completion of the road surface then will 

either be done by the DOR or the contractor.  If the work is carried out by the DOR, the cost 

of the works will have to be prepaid by the contractor to the DOR.  

 

It is considered environmentally and socially preferable for the contractor to reinstate the 

trench to a standard acceptable to the DOR, which would be specified in the contract.  The 

method of road reinstatement will be investigated during the detailed design phase. 
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SECTION 5 

PROCUREMENT STRATEGY 

 

5.1 IMPLEMENTATION OPTIONS 

 

The various options considered for the implementation of the Bulk Distribution System are as 

follows: 

 

 International Supply and Construction Contract 

 International Supply Contract and separate International Construction Contract 

 International Supply Contract and separate Local Construction Contract 

 

The advantages and disadvantages of each of the options are discussed in Table 5.1. 

 

Table 5.1 : Implementation Options 
 

Advantages Disadvantages 

International Supply and Construct Contract 

 Contractor responsible for ensuring 

material, pipes, valves and fittings are 

delivered to site to suit his program 

 Should encourage more international 

competition 

 Easier to supervise one contract 

 

 Material costs approximately 50% to 

65% of the total cost 

 Civil works contractors may be 

unwilling to bid due to the material 

costs being the majority of the contract, 

with their performance dependent on a 

supplier who will have different 

priorities 

 If the contractor fails to perform, affects 

the whole project 

 Contractor adds handling charge to cost 

of materials 

 Increased cash flow requirements for 

Contractor due to purchase of material 

International Supply Contract and International Construction Contract 

International Supply Contract for Pipes, Valves, Fittings and Ball Valves 

 Guarantees quality and standardization 

of pipes, valves, fittings and ball valves 

 No contractor handling charge on cost 

of pipes, valves and fittings 

 Pipes can be ordered in advance of 

construction contract, hence reducing 

construction contract period and 

contractor‟s site overheads 

 

 Employer responsible for quality and 

standardization of pipes, valves, fittings 

and ball valves 

 Employer responsible for ensuring 

pipes, valves and fittings are delivered 

to site to suit contractors‟ program 

 Employer to pay import duty at 1% 

 Increased early cash flow requirements 

for Employer and ADB 

 Employer may have to airfreight valves, 

fittings etc. to ensure progress of 

construction work 
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Advantages Disadvantages 

 Requires International Inspection 

Services 

 Pipe materials must be stored for a 

considerable period before they are laid.  

Proper storage facilities must be 

provided by the Employer. 

International Construction Contracts for Laying Pipelines 

 Contractor able to commence work as 

soon as mobilized hence reducing site 

overheads 

 Contractor has no risk for the delivery 

of the material and hence should be 

able to tender a lower price 

 Contractor able to employ local sub-

contractors for the laying of ductile iron 

pipeline 

 Local and international contractors able 

to participate. 

 Foreign contractor‟s increased 

overheads and profit paid to employ 

local sub-contractors 

 Local contractors unable to participate 

without forming large joint ventures, or 

of being joint venture partners with or 

sub–contractors to foreign contractors. 

International Supply Contract and Local Construction Contract 

International Supply Contract for Pipes, Valves and Fittings 

 Guarantees quality and standardization 

of pipes, valves, fittings and ball valves 

 No contractor handling charge on cost 

of pipes, valves and fittings 

 Pipes can be ordered in advance of 

construction contract, hence reducing 

construction contract period and 

contractor‟s site overheads 

 

 Employer responsible for quality and 

standardization of pipes, valves, fittings 

and ball valves 

 Employer responsible for ensuring 

pipes, valves and fittings are delivered 

to site to suit contractors‟ program 

 Employer to pay import duty at 1% 

 Increased early cash flow requirements 

for Employer and ADB 

 Employer may have to airfreight valves, 

fittings etc. to ensure progress of 

construction work 

 Requires International Inspection 

Services 

 Pipe materials must be stored for a 

considerable period before they are laid.  

Proper storage facilities must be 

provided by the Employer. 

Local Construction Contract for Laying Ductile Iron Pipelines 

 Contractor able to commence work as 

soon as mobilized hence reducing site 

overheads 

 Contractor has no risk for the delivery 

of the material and hence should be 

able to tender a lower price 

 Improves local contractors‟ capabilities 

 No foreign contractor‟s increased 

overheads and profit 

 Local contractors only have experience 

of up to 800mm diameter pipes 

 Local contractors would need to employ 

specialist sub-contractors with 

appropriate expertise 

 Local contractors do not currently have 

the heavy earthmoving equipment 

required but it is possible to purchase 

2
nd

 hand from Hong Kong or Singapore, 
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Advantages Disadvantages 

or hire from India 

 Local contractors probably do not have 

adequate financial resources except 

through JVs of more than 2 firms 

 Requires additional supervision 

 International competition removed 

 

5.2 PROPOSED IMPLEMENTATION METHOD 

 

Considering the size, the relative lack of complexity, and the capabilities of regional 

international contractors, it is recommended that the construction of the project be 

accomplished by one competitively bid, qualified contractor or joint venture.  The 

recommended approach was discussed and agreed with PID. 

 

To follow the ADB‟s Procurement Guidelines it is proposed to use International Competitive 

Bidding which is based on Single Cover-Two Envelope model for the employer, designer, 

supply and construct pipeline contract. The adoption of ICB will not exclude local 

contractors.  They can form joint ventures either with international or local contractors. 

 

5.3 IMPLEMENTATION PROGRAM 

 

We assume 30 months construction period.  This would allow for six months for complete 

delivery of materials, and construction work carried out over a full construction season, 

allowing for possible slippage time in the delivery of pipe and fittings.  This will also 

overcome potential problems where, with separate supply and construction contracts, the 

delay in the pipes allowed potential claims from the construction contractors. 

 

5.4 POSTQUALIFICATION OF CONTRACTORS/ TENDERERS 

 

It has been discussed and agreed with PID to perform post qualification rather than 

prequalification of bidders.  This will further accelerate project implementation by ensuring 

that tender documents for the supply and construct contract will be issued in the shortest 

possible time.  The main qualification criteria are: 

 

 Minimum average annual construction turnover of US$ 31.75 million or 

equivalent NRs. calculated as total certified payments received for contracts in 

progress or completed, within the last 5 (five) years. 

 

 Participation in at least one contract that has been successfully or substantially 

completed within the last 5 (five) years and that is similar to the proposed works, 

where the value of the Bidder‟s participation exceeds of US$ 31.75 million or 

equivalent NRs. The similarity of the Bidder‟s participation shall be based on the 

physical size, nature of works, complexity, methods, technology or other 

characteristics as described in Section 6, Employer‟s Requirements. 

 

 Minimum 9 km (cumulative comprising of minimum of 1000 mm diameter 

within the last five (5) years, that have been successfully or are substantially 

completed and that are similar to the proposed works. 
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 Minimum 20,000 sqm (cumulative) of bituminous black topping work or 800 

cum (cumulative) of bituminous asphalt concrete works in one contract within the last 

five (05) years, that have been successfully or are substantially completed and that are 

similar to the proposed work. 

 

5.5 FORM OF TENDER 

 

The model form of contract will be ADB‟s Standard Bidding Documents for Procurement of 

Works (without Prequalification), dated September 2010.  It is based on the Master 

Procurement Document entitled “Bidding Document for the Procurement of Works”, 

prepared by multilateral development banks and other public international financial 

institutions which reflects the majority view of these institutions. This document has the 

structure and the provisions of the Master Procurement Document, except where ADB-

specific considerations have required a change. 

 

The documents have been prepared in the following volumes: 

 

Volume: I – Bidding Procedures 

Section 1 Instructions to Bidders  

Section 2 Bid Data Sheet  

Section 3 Evaluation and Qualification Criteria  

Section 4 Bidding Forms  

Section 5 Eligible Countries  

 

Volume: II – Requirements – Specifications 

 Section 6A Technical Specifications  

 

Volume: III – Requirements - Drawings 

Section 6B Drawings  

 

Volume: IV – Conditions of Contract and Contract Forms 

Section 7 General Conditions of Contract  

Section 8 Particular Conditions of Contract  

Section 9 Contract Forms 

 
5.6 BILL OF QUANTITIES AND COST ESTIMATE  

5.6.1 Unit Rate Analysis 

  

The unit prices or lump sum prices were analyzed considering the following: 

 

 Standard GON NORMS of unit price analysis and other accepted norms in recent ICB 

and LCB contracts in the country and elsewhere 

 Market Prices/FOB prices for imported materials as pipes, accessories etc 

 Wages of skilled and unskilled labor 

 Construction technology 

 Mobilization and demobilization cost 

 Overheads and profit 

 Contract tax or VAT. 
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Break-down into plant, materials and labor component for all unit prices was derived.  Unit 

rates for individual items were determined on the basis of basic inputs, overheads and profit 

including the determination of the foreign exchange component of each element. 

 

5.6.2 Quantity and Cost Estimates 

 

Based on the detail design and drawings prepared, the bills of quantities have been prepared 

for all components of the project. Cost estimates were prepared considering the established 

quantity of works and unit prices. Capital cost estimates are included in Appendix I and 

include cost of materials, construction, and contingencies.  

 

The cost estimates for 2
nd

 phase SRTs for Kirtipur and Mahankal is also included. The cost 

estimates of SRTs are based on DSC03 drawings and estimation.  

 

Total estimated cost of the pipeline system (including custom and excise duties, VAT, and 

contingencies) is approximately $17.0 Million  

 

5.7 TENDER PERIOD AND AWARD 

 

DSC-05 will perform the following tasks in connection with Contractor‟s bid: 

 

 respond to queries, site inspections and conduct pre-bid conference 

 assist the PID in the bid opening and evaluation of bids 

 assist the PID in preparation of evaluation report  

 assist PID in contract negotiation with Contractor  

 

DSC-05 will prepare tender evaluation report(s), and assist with the approval of the 

recommendations of the tender evaluation report with the lending agency by way of 

answering any queries. 

 

5.7.1 Response to Queries and Conduct Pre-Bid Conference 

 

PID and DSC-05 will be available for clarification of any point raised.  Should further 

investigation be required in order to respond to bidders‟ questions, written answers will be 

sent to all bidders.  These answers, together with the minutes of any pre-bid conference, will 

form part of the Tender Documents. 

 

5.7.2 Conduct the Bid Opening and Evaluation of Bids 

 

The Tenders when received will be initially examined to determine their substantive 

responsiveness.  DSC-05 places priority on ensuring that the most acceptable Tenderer is 

awarded the contract.  Tenders will therefore be carefully evaluated to examine all risks, and 

to ensure that the tendered price is reasonable, that Tender programs are logical and 

achievable, and that proposed resources (plant, equipment, materials, and manpower) are 

adequate for the work. 

 

As far as possible, rates for daywork, prolongation costs, and any possible future variations 

will be established prior to contract award to limit possible dispute during the contract. 
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In evaluating Tenders, the aim will be to award the contract to the Tenderer who can best 

demonstrate that the contract will be completed on time, at the most acceptable contract price 

and to the specified quality. 

 

It is intended that Tender evaluation will check the following items for each Tender submitted: 

 

 Eligibility of Tenderer 

 Sufficiency of Tender 

 Tender price 

 Technical analysis which includes review of the Contractors‟ method of 

construction and program of works including their proposed time for completion of 

works 

 Contractor‟s statement on Health & Safety; and 

 Contractor‟s environmental statement and management plan including staff and 

labor resources, and plant and equipment proposed by the Contractor. 

 

The evaluation will check that the tenders have been correctly completed and are responsive to 

the instructions for tendering. Any reservations and special conditions made by the Tenderers 

will be assessed with relation to financial implication and consideration given to their 

acceptance. A check will be made to confirm that the required sureties have been submitted. 

 

Analysis of the priced bids will be divided into two phases; first to check errors in computation 

and secondly to evaluate the Tenders to establish: 

 

 the arithmetically corrected Tenders 

 reservations and alternative proposals and their financial implications 

 other factors which cannot be expressed in money terms 

 comparison with the Engineer‟s Estimate and assessing unbalanced rate, front 

loading and implication to project implementation. 

 

A check will be carried out to confirm that the information provided at prequalification is still 

relevant. After the thorough evaluation and analysis of all the Tender Bids received, DSC-05, 

if necessary, will prepare a list of clarifications to be asked to each Tenderer and submit it to 

PID.  DSC-05 will further evaluate all the clarification received from the Tenderers before 

making the final recommendations. Examination of the Tenders and their subsequent 

evaluation will be carried out in strict confidence.   

 

5.7.3 Prepare Recommendations to the Client for Contract Awards 

 

The Tender evaluation will be submitted in a report with recommendations for the preferred 

Tenderer.  The report will include: 

 

 Introduction 

 Particulars of Tenders received 

 Initial Elimination of Tenders 

 Comparison of Tenders 

 Conclusions 

 Recommendations 
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This report will contain a technical as well as financial assessment of all Tenders received 

combined or technical and financial BER as per the process of the tender. In addition, the 

report will contain a series of appendices in the form of tables showing the details of the 

tender figures, tender totals, evaluated tender totals, records of minutes of meetings, copies of 

relevant correspondence with Contractors after the Tenders were received and other data as 

appropriate.  In addition a draft Letter of Acceptance will be submitted. 

 

5.7.4 Assist PID in Liaison with Lending Agency 

 

The Engineer‟s estimated cost of the pipeline (approximately $16.7 Million) exceeds what is 

reported to be the available remaining funds under ADB Loan 1820-NEP (SF). However, the 

total estimated cost includes amounts which would not be covered under the present ADB 

Loan. Depending on the final evaluated bid price, DSC-05 would propose to provide the 

following assistance to PID: 

1. Determine which portions of the evaluated bid price are covered under the terms of 

the ADB Loan, and which are not. 

2. Review the available funding available under the ADB Loan 1820-NEP (SF) after 

payment of outstanding contract obligations and other amounts committed (but not 

yet incurred) under other contracts. 

3. Assist PID to liaise with ADB regarding the shortfall of available funding under ADB 

Loan 1820-NEP (SF).   

4. Provide any necessary backup support to ADB required to support a request for 

retroactive financing from upcoming Project No. 34304-NEP of the Asian 

Development Bank.  

 

5.7.5 Assist PID in Contract Negotiations with Contractor 

 

DSC-05 will assist PID with the negotiation of the contract and the formalities associated 

with the award, with the Client‟s approval and ADB‟s „no objection‟ being sought at each 

stage. 

 

On successful completion of negotiations the formalities will include preparation of formal 

Letters of Modification as appropriate, incorporating the prices and any other amendments to 

the Tender for the submission by the Client to the successful tenderer for signature.  On 

receipt of the successful Tenderer‟s unqualified acceptance, the Form of Agreement will be 

prepared together with the Contract for signature by PID and Contractor. 
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Appendix A Initial Geotechnical Observations 

A.1 Design 

From an inspection of the sites and available information, the following observations were made. 

During design of BDS system the following geotechnical problems may be encountered: 

 High groundwater tables 

 Unstable slopes 

 Danger of erosion  

 Stability of trench walls 

 Low bearing capacity under foundations 

 Low lateral bearing capacity in trenches 

 High bedrock level 

 Earthquake 

 Construction materials. 

A.1.1 High Groundwater Tables 

The low points of the pipelines, particularly at crossings of rivers and side streams, will require the 

construction of scour-valve chambers. The design of these chambers shall include the required safety 

measures against uplift considering the different water levels and load cases. The same applies to the 

pipe itself near river crossings. It must be possible to evacuate the pipe or the chamber or both at 

regularly occurring high outside water levels.  

For the improvement of uplift safety it is proposed to enlarge the foundation slab laterally, so that the 

weight of the surrounding backfill can be taken into account. To avoid the backfill to be eroded, 

rockfill material may be used from the Melamchi Tunnel muck deposit. 

A.1.2 Unstable Slopes  

An unstable slope has been noted at the eastern Bagmati River bank near the location of Jhamsikhel-

Sanepa, which is outside of the area of the present project phase. This slope, which is composed at 

surface of a clayey silt, is showing considerable sliding movements, implying severe damages or 

destruction to several houses. The level difference at that slope is about 30 meters. 

Earthquake impacts seems not to be involved in this dislocation. The possible cause of this event is 

actually under investigation by others. The instability was possibly influenced by scouring at river 

level, change in groundwater and drainage conditions and increase of additional surface loads 

(building construction) on a subsoil with a low shearing resistance. 

The design of the new reservoirs of the Melamchi Project must avoid similar problems. Some 

reservoirs are foreseen to be constructed near steep slopes and at some places the underground will 
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consist of cohesive soils with a low shearing resistance combined with a high groundwater level. 

Since the results of the soil investigation are not yet available, the design shall proceed with a 

preliminary stability analysis on the basis of conservatively estimated soil parameters. 

In any case the design should avoid layouts, where new loads will be placed near the upper edge of 

steep slopes. 

The stability of cut slopes of a certain depth must also be analyzed in the same way, using at first 

estimated parameters in a preliminary calculation, in order to make sure that the intended layout will 

not present severe problems.  

A.1.3 Danger of Erosion  

Erosion problems are mainly expected at the pipelines, particularly, where rivers and side streams 

have to be crossed. 

To prevent erosion of soil and backfill in the area of the pipeline installation, the following erosion 

protection measures may be applied. 

(i) Surface Drainage System 

The backfill area of the pipeline at steep slopes must be kept free from concentration of runoff water. 

Near the upper edge of the slope a reasonably dimensioned storm water ditch will be provided. If the 

height of the slope is more than approximately 10 m, the slope should be intersected by one or more 

additional ditches. The ditches will collect the storm water before more concentrated streams develop. 

The surface of the ditches and the intermediate slopes shall be protected by planted vegetation, as 

outlined below. To stabilize very steep slopes, a sequence of gabions can be installed which will 

provide a secure protection at the hillside part of the berm. 

(ii) Surface Protection by Rockfill Layers 

At difficult areas, where water flows cannot be diverted easily or where traffic condition may not 

allow a successful vegetation planting, a special protection layer may be prepared by use of rockfill 

material. Suitable rockfill material may be available from the muck deposit of the Melamchi Tunnel 

construction site. The grain size distribution of this material must be carefully selected in accordance 

with the inclination and the expected water flow.  

(iii) Surface Protection by Vegetation 

The most adequate protection against erosion consists in planting of grass or, in special cases, in the 

planting of small bushes. The surface to be protected will need a certain care and maintenance 

particularly immediately after planting of grass, but later the cultivated areas will remain safe with 

minimum maintenance. 
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(iv) Erosion Protection at River Crossings 

For river crossings we consider a siphon design is appropriate.  The pipe will be installed during the 

dry season in a trench excavated into the riverbed. 

The pipeline itself will be surrounded by concrete, on top of which an approximate 60 cm thick layer 

of adequately dimensioned rockfill material will be placed. The width of the layer will be in a range 

between 5.00 to 10.00 meters as required by the specific site conditions. Where the river bed consists 

of solid rock, the pipe trench will be back filled by use of concrete, replacing the rockfill. 

The banks at both ends of a siphon at crossings of rivers or of sidestreams will be protected by the 

construction of gabions at the adjacent slope up to the expected maximum water level.  

A.1.4 Stability of Trench Walls 

Where the pipe trenches will be excavated with vertical cuts deeper than 1.50 m the walls would 

require a temporary support for safety reasons. Near roads or places with public traffic any cut steeper 

inclined than 1V:1H shall be supported. Soil parameters for the dimensioning of the required support, 

like bulk density and shearing resistance will be available only after completion of geotechnical 

investigations. 

A.1.5 Low Bearing Capacity under Foundations 

The subsoil under some of the reservoirs may be found to have a low natural density, which is related 

to a low compression modulus. To avoid unacceptable settlement values and settlements differences, 

the design will try to reduce the new load by increasing the depth of excavation. It would also be 

possible to replace the uppermost layer underneath the foundation by a compacted  selected fill, to 

achieve a more uniform load distribution underneath the structure. 

The values of the soil parameters to be used for the dimensioning of the foundations will be available 

after having received the corresponding test results from the laboratory. 

A.1.6 Low Lateral Bearing Capacity in Trenches 

Anchor blocks at pipe bends and valves would need to react on the laterally located undisturbed soil 

to transmit the forces from the pipe to the underground without displacements. 

The lateral bearing capacity of soils along the pipeline depends mainly on the soils composition, the 

density and the shearing resistance prevailing at the side wall of the trench. These values will be 

investigated in regular distances and used to establish the admissible lateral loads on the trench walls. 

At some places the horizontal bearing capacity will be low, due to the presence of soft cohesive soils, 

or due to high temporary groundwater levels.  The pipe may then be designed to be installed deeper 

under the ground surface; the bearing capacity generally increases with depth, due to the increase of 

soil volume reacting laterally and very often also due to a better soil quality at a greater depth.  
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A.1.7 High Bedrock Level  

Near the village of Gokarna bedrock is observed to outcrop on the road, the main pipe will be 

installed in this location. Some additional locations with bedrock at shallow depth will be identified 

during execution of geotechnical investigations and finally during construction some more locations 

will be found. 

The excavation of trenches in rock material must be carried out mechanically, e.g. by excavator, 

ripping dozer, hydraulic hammer in co-operation with a track drill machine and/or pneumatic 

hammers, because the use of explosives will almost certainly not be possible in populated areas.  

The final quantities for the different excavation classes can only be estimated on the basis of the 

actual knowledge. 

A.1.8 Earthquake 

It is a well-known experience from other countries, where the frequency of heavy earthquakes is 

rather high, that underground structures are less affected by severe seismic events. Deformations in 

the underground may only be expected at active fault lines, which locally may exist in the 

underground of the Kathmandu Valley.  Surface structures like reservoirs or retaining walls shall be 

dimensioned to be able to resist to additional horizontal loads in accordance to the specific earthquake 

acceleration, which has to be considered in connection with the corresponding return period. Stiff 

concrete structures will resist earthquake motions far better than steel tanks will, as they cannot be 

subdivided into internal compartments.  

A.1.9 Construction Materials  

The following construction materials will be required for the BDS: 

- Concrete  fine aggregates 

- Concrete coarse aggregates 

- Pipe bedding material 

- Selected backfill for blanket 

- Rockfill material 

- Selected and processed rock material 

- Subbase and base material 

(i) Concrete Fine Aggregates 

It will be investigated whether the sandy material available at local borrow areas will be suitable as 

excavated, or if processing will be necessary.  

(ii) Concrete Coarse Aggregates 

Coarse aggregates will be prepared from crushed limestone available at several quarries in the 

Kathmandu valley. The material from three different quarries will be tested in the laboratory. 
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(iii) Pipe Bedding (Cradle) Material 

Good pipe bedding material would not be found easily in the Kathmandu valley. The natural sand 

deposits, containing either a sandy terrace material or sandy river sediments will be investigated. Also 

the material, which will be excavated in pipe trenches and at reservoir sites will be taken into 

consideration. The terrace material is estimated to contain some parts of gravel and also fine sand and 

some percentage of silt. The silt content in river sand is lower. 

Compaction tests will show whether the material from the pipe alignment and from reservoir sites 

may also partly be used as bedding material. 

If required, any selected granular material will be material of a granular, non-cohesive nature, free 

draining, a pH > 6 and the following grading. 

  

Sieve Size (mm) % Passing Sieve 

40 100 

20 80-100 

5 40-100 

2.5 20-80 

0.6  

0.315 0-20 

0.075 0-5 

 

Where selected granular material is not required, selected fill material shall be material that has a 

pH > 6 and the following grading. 

 

Sieve Size (mm) % Passing Sieve 

40 100 

20 80-100 

5 40-100 

2.5 20-100 

0.6 5-100 

0.315 0-70 

0.075 0-10 

  

(iv) Selected Backfill for Blanket 

It is estimated that part of the trench excavation material will be useful as selected backfill; if this is 

not the case, the same material as proposed for the bedding will be used for the blanket. 

(v) Rockfill Material 

Rock fill material will be available from the deposit of the material excavated from the Melamchi 

Tunnel. This rock material is estimated to be useful for erosion protection measures, and also for the 

replacement of unsuitable soils at foundations of structures.  



DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

 
 
 

A-6 

(vi) Selected or processed Rock Material 

Selected or processed rock material will be available at local quarries or it can be prepared from the 

material at the tunnel muck deposit. Selected rock material will be required for the preparation of 

gabions and for specific filter layers, which would need to be carefully designed in order to construct 

an effective and hydraulically stable and safe filter system.   

(vii) Subbase and Base Materials 

Subbase and base material have to be used for the reconstruction of the roads, and they will be 

available mainly from the local quarries. 

A.2 Execution of Construction Works 

The following problems shall be taken into consideration during construction of the BDS project: 

-     High groundwater tables 

- Unstable slopes 

- Danger of erosion 

- Stability of trench walls 

- High bedrock level 

A.2.1 High Groundwater Tables 

At sites with a high groundwater table, the construction works shall be carried out preferably during 

the dry season. If this will not be possible, the water table must be kept down by a suitable drainage 

system, or by an open pump system or even by a closed wellpoint system. 

If the dewatering system is a permanent installation, it has to be designed by the Engineer. All other 

temporary systems have to be proposed by the Contractor to be approved by the Engineer.   

A.2.2 Unstable Slopes 

All permanent slopes which will be affected permanently by the design of the project, or which have 

an important influence on the safety of the project, shall be analyzed and, where necessary, submitted 

to an adequate design by the Engineer, in order to achieve the required safety level. 

The stability of temporary slopes is the responsibility of the Contractor under the supervision of the 

Engineer.    

A.2.3 Danger of Erosion  

The work for stabilization and protection of permanent slopes will be included in the contractual 

scope of paid works. Temporary slopes must be protected by the contractor on his own account. 
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A.2.4 Stability of Trench Walls 

For safety reasons all vertical trenches deeper than 1.5 m will require support, which shall be 

classified according to the depth. The Contractor will be responsible for stability and safety of 

trenches.  
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Appendix B Structural Design 

B.1 Design Loads 

B.1.1 Structures will be designed to withstand loads exerted by 

 dead loads, 

 live loads, 

 operation loads, 

 temperature loads, 

 buoyancy, 

 test loads, 

 wind loads, 

 seismic loads. 

Loads will be basically in accordance with BS 6399 „Design loads for buildings‟ unless otherwise 

stated hereafter. All loads used in the design and their origin will be clearly indicated in the design 

calculations. 

(i) Dead Loads 

Dead loads include dead weight of structural components, imposed steady loads (earth and ground 

water pressure for instance) and equipment. 

(ii) Live Loads 

Live loads include stationary and/or movable loads. Following loads will be used: 

 Walkways and stairs 5.0 kN/m
2
 

 Platform plates 5.0 kN/m
2
 

 Flat roofs carrying equipment 5.0 kN/m
2
 

 Flat roofs carrying no equipment / Tank roofs 1.0 kN/m
2
 

(iii) Operation Loads 

Operation loads include loads generated by machinery (engines, pumps, cranes, etc), content of 

storage vessels, content of process vessels, etc. 

Where necessary, dynamic factors and increased loads due to malfunction of equipment will be 

considered. When choosing dynamic factors and/or increased loads, the designer will consult the 

equipment manufacturer. 
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Safety factors in the case of equipment malfunction may be reduced to a reasonable amount in 

agreement with authorized contractual parties. 

(iv) Temperature Loads 

Thermal influences and temperatures will be considered for all structures where such influences result 

in higher stresses or endanger the proper function of equipment. 

Temperature variation from + 0C to 50C will be considered in the design for the structure or 

structural parts and piping exposed to direct weather influences. This criterion will be considered in 

the design of expansion and/or contraction joints. 

For empty pipes exposed to direct sun radiation a maximum temperature of 80C will be taken into 

account. Due account will be taken of the effects of direct sun radiation on steel structures. 

(v) Buoyancy 

Under normal conditions structures will be protected from buoyancy effects by the drainage system/s. 

Where this is not possible for specific reasons or floods cannot be prevented, structures must be 

designed to withstand the uplift forces and maintain required safety against sliding and overturning. 

(vi) Test Loads 

Site test loads and procedures for particular equipment or parts of equipment are / will be defined in 

relevant regulations and/or manufacturer‟s instructions. 

(vii) Wind Loads 

Wind pressures on structures and parts of structure (cladding for example) will be calculated in 

accordance with „National Building Code of India‟ (NBCI-Revision April 1984). Basic maximum 

wind pressure will be 1.25 kPa (125 kg/m
2
) corresponding to a basic wind speed of 40 m/s 

(p=0.006xV
2
; V in km/h, p in kg/m

2
). The value of 1.25 kPa is the mean value between the „green‟ 

and „blue‟ zones shown on the figure 1A of NBCI. In typically flat areas basic maximum wind 

pressure of 1.50 kPa will be used. 

Basic maximum wind pressures given above are applicable for the heights up to 30 m above the 

ground; for the heights above 30 m provisions of NBCI will be followed. 

(viii) Earthquake Loads 

Seismic loads on structures and parts of structure will be calculated in accordance with „National 

Building Code of India‟ (NBCI-Revision April 1984). When determining loads due to seismic effects 

acting upon structures or parts of the structure, Seismic Coefficient Method will be used. Response 

Spectrum Method may be used when the natural periods of vibration of the structure are clearly 

defined. 
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Earthquake zone will be V; basic coefficient 0 for Seismic Coefficient Method will be 0.08 and basic 

coefficient F0 for Response Spectrum Method will be 0.40. 

(ix) Permissible increase in stresses, partial factor of safety, increase in allowable bearing 

pressure of soil 

(a) Serviceability Limit State 

Whenever earthquake forces are considered along with other design forces, the permissible stresses in 

materials and the elastic method of design assumed may be increased by one third. 

(b) Ultimate Limit State 

There is no provision for the partial safety factor for seismic loads in BS 8110. When using ultimate 

limit state in the design of a structure or parts of a structure, a partial safety factor as quoted under 

1.2.2 will be used. 

For both, serviceability limit state and ultimate limit state, permissible increase in allowable bearing 

pressure of soil will be as specified in NBCI, Part VI Structural design, Section 2, Foundations. 

B.1.2 Combination of Loads 

In all combinations, earth and ground water pressure, if any, are included in the dead load. 

If any of the combinations is not considered in the design calculation, the designer will point this out 

clearly and give a reasonable technical explanation for the omission. 

In the design calculations using either ultimate limit state (ULS) or serviceability limit state (SLS) as 

a minimum, the following load combinations will be considered for structures and their foundations: 

(i) Serviceability Limit State 

(a) dead + operation + live + wind 

(b) dead + wind + buoyancy (drainage malfunction) 

(c) dead + test 

(d) dead + earthquake 

(e) dead + operation + earthquake 

(ii) Ultimate Limit State 

(f) 1.2 x dead + 1.2 x operation + 1.2 x live + 1.2 x wind 

(g) 1.0 x dead + 1.4 x wind + 1.0 x buoyancy (drainage malfunction) 

(h) 1.2 x dead + 1.2 test 

(i) 1.2 x dead + 1.4 x earthquake 

(j) 1.2 x dead + 1.2 x operation + 1.2 x earthquake 
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B.1.3 Deflection Limits 

When checking the deflections of a structure, the most adverse realistic combination and arrangement 

of unfactored loads (SLS) will be assumed. 

Deflection of members listed in the table below will not exceed the tabulated limits, unless it is 

proven that higher values will not be detrimental to the performance of the structure or any of its 

parts. 

(a) Beams Maximum vertical deflection 

Cantilevers Length/200 

Beams (general) Length/300 

Purlins and sheeting rails to suit the characteristics of the sheeting, roofing and ceiling materials but 

not more than Length/200. 

(b) Columns Maximum horizontal deflection 

Each storey (any structural system 

including portal framed structures with 

metal cladding) Height/300 

 

(c) Crane girder Maximum vertical deflection 

Vertical deflection due to 

static wheel loads Span/800 

 

Horizontal deflection (calculated 

on properties of top or bottom 

flange along as applicable) Span/500 

The relative lateral deflection of adjacent frames (including end frames) of sheeting clad structures 

will be limited in general to frame centers/250 unless higher values can be proven to have no 

detrimental effect on the structural performance of the sheeting. 

B.2 Structural Concrete Design 

B.2.1 Design Principles and Analysis 

Calculations for the design of any structures will be prefaced by a statement explaining the principles 

of design and the type of analysis adopted. The statement will also indicate the codes of practice upon 

which the design is based and into which category the structure (or part of a structure) is placed for 

design purposes, i.e. class l, 2 or 3 as described later under „classification of concrete structures‟. 

For a superstructure framework a separate statement will be included explaining how the overall 

stability is maintained. 

Any computer programs used in structural concrete design will be fully described, and details of input 

and print-out will be presented in a manner, which can be readily understood. Program manuals and 

any instructions to program users will be available upon request. 

Where any such program cannot be proven to have been fully checked, test examples will be run upon 

request in order to verify the completeness and accuracy of the program. 
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B.2.2 Reinforced Concrete 

Reinforced concrete will be designed in accordance with whichever of the following British Standard 

codes of Practice, is relevant: 

BS 8110: 1997 Structural use of concrete, Part 1 

 

BS 8007: 1987 Design of concrete for retaining aqueous liquids 

 (to be read in conjunction with BS 8110:1985) 

 

BS 8004: Design of foundations 

 

Plain concrete will be designed in accordance with BS 8110: Part 1. 

The thickness of reinforced concrete walls and slabs designed to BS 8007 (Class 2 and 3 structures) 

will not be less than that derived from the following constraints: 

 where walls and slabs are „external‟ (i.e. bounding the outside of a water containing space so 

that leakage, if it ever occurred, would pass through the wall to or from foundations, 

drainage, collection systems or places intended to be dry and accessible), the thickness will 

be not less than 350 mm, 

 where walls and slabs, reinforced on both faces, are „internal‟ (i.e. dividing the internal 

space of a structure so that leakage, if it ever occurred, would pass through the walls from 

one water containing space to another water containing space), the thickness will not be less 

than 250 mm. 

 the thickness will nowhere be less than the structural thickness required by the design 

procedures for Class 2 and 3 structures specified under „Design methods‟. 

(i) Classification of Concrete Structures 

This classification will be applied to the whole structure or to parts of structures where more than one 

case exists within the overall framework. Structures are divided into three classes as follows: 

Class 1: Structures not normally subjected to hydrostatic pressure and not intended for the purpose of 

storage, retaining or transmission of liquids. 

Class 2: Structures not used to store liquids but may be subjected to hydrostatic pressure and/or 

external soil pressure. 

Class 3: Structures for storage or retaining of liquids. 

(ii) Design Methods 

Class 1 structures will be designed to BS 8110 using limit state design methods. 

Class 2 structures will be designed to BS 8007 using limit state design method. A limiting design 

crack width of 0.2 mm will be used for the serviceability limit state of cracking. 
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Class 3 structures will be designed to BS 8007 using limit state design methods. Where requirements 

on aesthetic appearance are set (example: outside face of water tank walls) a limiting design crack 

width of 0.l mm otherwise 0.2 mm will be used for the serviceability limit state of cracking. 

Where additional concrete beyond normal structural design needs is introduced for the purpose of 

gaining dead weight to counter the effects of buoyancy or increasing the friction force, it will be 

uniformly distributed among the sub-structure members as far as possible. 

(iii) Reinforcement for Control of Temperature and Moisture Effects 

Class 1 superstructures 

Where a slab or wall is exposed to „severe‟ exposure conditions (BS 8110 classification) the 

reinforcement provided to exposed face will be not less than that indicated below: 

 sections up to 250 mm thick, T 12 - 200 mm c/c in each direction; 

 sections 300 mm to 450 mm thick, T 16 - 200 mm c/c in each direction; 

 sections 500 mm thick or greater, T 16 - 175 mm c/c in each direction. 

Class 2 and 3 structures 

Slabs and walls will have reinforcement calculated in accordance with BS 8007 (crack spacing/crack 

widths) using the following data: 

fct =  1.6 MPa  and 1.76 MPa for immature concrete C35 and C40 (3 days strength) respectively 

fy =  250 MPa for plain round mild steel bars 

fy =  460 Mpa for deformed high yield bars 

fy =  415 Mpa for twisted steel bars complying with Fe415NS191-2046 requirements 

fct/fb =  1.0 for plain round mild steel bars 

fct/fb =  0.667 for deformed high yield bars 

fct/fb =  1.0 for twisted steel bars 

α =  1.2 x 10
-5

 / C = coefficient of thermal expansion of concrete  

T1 = fall in temperature from hydration peak to ambient. 

This will be calculated allowing for the following: 

(k) Estimated temperature at time of placing 

(l) Cement content in the mix 

(m) Size of members 

(n) Formwork materials 

T2 = fall in temperature due to seasonal deviation. 



DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

 
 
 

B-7 

(iv) Grades of Concrete 

Grade of concrete will generally be in accordance with the following table: 

Grade Description 

C40 Class 1, 2 and 3 structures under „severe‟ exposure conditions (BS 8110) 

C35 Class 1, 2 and 3 structures under „moderate‟ exposure conditions (BS 8110) 

C30 Class 1, 2 and 3 structures under „mild‟ exposure conditions (BS 8110) 

C30 Structural plain concrete for soil retaining walls 

C25 Blinding concrete / Concrete fill 

Pulverized-fuel ash (p.f.a.) and ground granulated blast furnace slag (g.g.b.f.s.) will not be used in the 

concrete mix. 

(v) Reinforcement 

Main reinforcement will generally be high yield deformed (Type 2) or twisted steel bars. Links to 

beams and columns may be plain round mild steel bars. 

The following characteristic yield strengths will be used in design calculations:  

 plain round mild steel bars: fy=250 N/mm
2
 

 high yield deformed steel bars: fy=460 N/mm
2
 

 twisted steel bars fy=415 N/mm
2
 

 (complying with Fe415NS191-2046 requirements) 

(vi) Concrete Cover 

Nominal concrete cover will be determined following BS 8110 regulations (Table 3.3) considering 

conditions of exposure. Concrete cover/s used will be clearly indicated in the design calculation/s and 

execution drawings. 

Where exposed aggregate finishes are used, the reinforcement covers specified above will be 

increased by 10 mm concrete for a maximum aggregate size of 20 mm and 15 mm for concrete with a 

maximum aggregate size of 40 mm. 

Where ribbed finishes are used the dimensions of the ribs will increase concrete cover and the detailed 

structural drawings will indicate that the specified covers are to be measured from the outermost 

surface of the ribs. 
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(vii) Bond and Lap Length 

The minimum „anchorage bond length‟ and „lap length‟ to develop the force in the bars will be as 

given in Table 3.29 of BS 8110. 

The lap length will be in no case less than 25 times the bar diameter plus 150 mm for bars in tension 

and 20 times the bar diameter plus 150 mm for bars in compression. Where lapped bars are of two 

different diameters the lap length will be calculated using the diameter of the smaller bar. 

(viii) Waterstops and Sealing Compounds 

Construction and expansion joints in Class 2 and 3 structures will incorporate internal waterstops and 

sealing compounds on both faces as specified in „Joints in concrete‟. 

In expansion joints internal waterstops will be of central bulb type and in construction joints they will 

be of expansion type. Surface waterstops will be used for construction joints in exceptional cases only 

and will be of expansion type. 

(ix) Joints in Concrete 

(a) Construction joints 

Construction joints are introduced for convenience in construction. Reinforcement will be fully 

continuous across the joint and special measures taken to achieve continuity in the concrete in 

accordance with the requirements of the specification for concrete structures. The position of 

construction joints will be clearly indicated on the drawing/s. Joint positions will be located avoiding 

zones of high stresses wherever possible. A central waterstop of expansion type will be used together 

with sealing compounds on both faces. 

(b) Expansion joints 

In this type of joint, concrete and reinforcement are completely discontinuous. An initial gap of 

approximately 20 mm between adjoining parts will be provided to accommodate the movement due to 

expansion or contraction of the structure. A central waterstop of bulb type will be used together with 

compressive joint filler and sealing compounds on both faces. 

(c) Complete and partial contraction joints 

Although quoted in BS 8007 this type of joint will not be used in the design of water tanks. When 

used in other structures complete and/or partial contraction joints will be designed following the rules 

of the BS code. 

(x) Surface Finishes 

Where necessary a detailed description of surface finish will be given on relevant formwork 

drawing/s.  

Finishes will be generally provided as described below. 

Class F.l 
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Surfaces against which further concrete is to be placed and surfaces to be permanently concealed by 

rendering, plastering, etc. No special requirements are set for this type of finish. 

Class F.2 

All surfaces permanently exposed to view, except where Class F.3 is required. 

Surfaces either permanently in contact with stored, retained or flowing liquids and surfaces against 

which a membrane tanking is to be applied. 

For this type of finish small blemishes caused by entrapped air or water may be expected; the surface 

should however be free from voids, honeycombing or other blemishes. 

Class F.3, „ribbed‟ and „exposed aggregate‟ finishes. 

Surfaces prominently exposed to public view where good appearance is of special importance. Class 

F.3 is also known as „fairfaced‟ finish. 

For this type of finish all surfaces should be true and clean. Very minor blemishes may occur with no 

staining or discoloration. 

(xi) Drawings 

Drawings will be prepared such that the details are presented in a clear, concise and unambiguous 

manner. Written descriptions will be as brief as possible, consistent and complete. Lettering will be 

legible and clear (minimum height 2.5 mm). 

Special requirements associated with the design, e.g. details of chambers, sequence of construction, 

position and type of joints, will be described on the detailed structural drawings. 

Special consideration will be given to the spacing of bars in order to ensure that the concrete can be 

placed and compacted without difficulties. 

Reinforcement laps in slabs and walls will be staggered wherever possible. 

The following scales will be used: 

General arrangement drawings  1 to 100 or 1 to 50 

Walls and slabs* - plans and elevations  1 to 50 or 1 to 20 

Walls and slabs - sections  1 to 20 

Beams and columns - elevations  1 to 20 

Beams and columns - sections  1 to 20 or 1 to 10 

Where concrete sections and/or reinforcement details are complex and liable to result in a drawing 

which is difficult to read, a larger scale will be adopted. 
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(xii) Detailing Will be as Follows: 

Lines 

 

Main reinforcement  - to be 0.6 mm thick 

Concrete outline and links, etc  - to be 0.4 mm thick 

Dimension lines, etc  - to be 0.2 mm thick 

 

Note: When detailing reinforcement all bars will be indicated by full lines. Where, for clarity, bars 

which are detailed elsewhere are shown extending into the part of the structure being 

detailed (e.g. from an adjacent span of a beam, or from a support), they will be indicated by 

dashed lines. 

 

Reinforcing bar notation 

The following method, complying with BS 4466 „Specification for bending dimensions and 

scheduling of reinforcement for concrete‟, will be used. 

(a)  Elevations of walls and plans of slabs (example) 

 

20 T 12 - 63 - 150 NF where: 

 

20  indicates number of bars 

 

T indicates type of steel - see note (c) below 

 

12 indicates diameter of bars in mm 

 

63 indicates the bar mark 

 

150 indicates spacing centre to centre bars in mm 

 

NF indicates location of bars 

 

Use one of the following abbreviations: 

 

EW - each way 

NF - near face, FF – far face, EF - each face 

BF - bottom, TF - top 

 

(b) Main reinforcement in beam and column elevations (example) 

 

4 indicates number of bars 

T indicates type of steel - see (c) below  

25 indicates diameter of bars in mm 

39 indicates the bar mark 

 

(c) Type of steel 

 

R =  round mild steel bars in the metric round range of areas (hot rolled bars complying 

with BS 4449) 
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T =  high yield bars having a high bond strength, in the metric round range of areas (hot 

rolled bars to BS 4449 and worked bars to BS 4461). 

Adequate information will be given on plans, elevations or sections for the bending 

dimensions of all reinforcing bars. 

All reinforcing bars will be positioned in relation to concrete faces. 

Basic structural dimensions will be specified on the reinforcement drawings, e.g. slab depth, 

wall thickness, beam length, width and depth, etc. 

(xiii) Slabs 

Slab plans will be drawn as viewed from above the slab and will show any grid reference and the 

beam and wall numbers. 

A „run‟ of bar reinforcement on the plan will have the limits of the run shown by short lines and one 

intermediate bar only shown in full. The short lines at the limits will be joined by a thin collecting 

line. 

Provided congestion does result, the description of bar reinforcement on the plan will be written on 

the collecting line; otherwise the description will be written on an extension of the collecting line. 

Beams 

Elevations will give the full bar notation of main reinforcing bars and link reinforcement. 

Cross sections will show the individual position of each reinforcing bar, its bar mark, the concrete 

cover and the shape of the link reinforcement. 

Slab reinforcement and reinforcement in adjacent beams will only be shown on the beam details for 

their relationship with the reinforcing bars in the subject beam, and when shown will be indicated by 

dashed lines. 

Columns 

Elevations will give the full bar notation of main reinforcing bars and link reinforcement. 

Cross sections will show the individual position of each reinforcing bar, its bar mark, the concrete 

cover and the shape of the link reinforcement. 

B.3 Structural Steel Design 

B.3.1 Design Principles and Analysis 

A statement explaining the principles of design will preface calculations for the design of any 

structures and the type of analysis adopted. The statement will also indicate the codes of practice upon 

which the design is based. 

For a superstructure framework a separate statement will be included explaining how the overall 

stability is maintained. 



DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

 
 
 

B-12 

Any computer programs used in structural steel design will be fully described, and details of input and 

print-out will be presented in a manner which can be readily understood. Program manuals and any 

instructions to program users will be available upon request. 

Where any such program cannot be proven to have been fully checked, test examples will be run upon 

request in order to verify the completeness and accuracy of the program. 

B.3.2 Codes and Standards 

Structural steelworks will be designed in accordance with the following codes / standards: 

BS 5950 Specification for the use of structural steel in building 

Structures, which are considered to be beyond the scope of the aforementioned standard, will be 

designed in accordance with: 

BS 5400 Steel, concrete and composite bridges 

Use of a standard or code of practice different to those specified will be separately agreed among the 

authorized contractual parties. The standard or code of practice agreed will be used in its entirety for 

the whole structure. 

Isolated parts of other standards or codes of practice considered relevant, may also be implemented 

upon agreement among the authorized contractual parties. 

B.3.3 General Principles 

Structures may be designed either by the working stress approach, using unfactored loads against a 

working stress (generally limited to 0.7 x yield stress) as specified in the relevant standard or by the 

limit state method. Structures designed to the limit state methods will be designed considering the 

limit state which maintains appropriate safety factors to provide an adequate degree of safety and 

serviceability. 

The structures will be designed with an additional safety of not more than 10% in order to be capable 

of accepting reasonable amount of extra loading due to any cause including extra services, heavier 

cladding, or other items that may reasonably be added during the life of the structure. 

The design will take into account the need for stability of both framework and individual elements at 

all stages of erection works. Where temporary stabilizing measures (bracing/s for instance) are 

required, they will be checked for the effects of all loading conditions that may arise during erection 

including those due to erection equipment and its operation. Such measures will be clearly indicated 

on the drawings together with clear instructions about the appropriate time/stage of erection for their 

removal. 

The design of crane beams is not a subject of these design criteria. When required, the regulations of 

BS 5950 will be followed. 
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B.3.4 Protective Coating Design 

(i) Scope and Standards 

This section specifies design methods for the protective coating to be applied to structural steel, 

metalwork and ironwork as corrosion protection systems. The systems designed as specified here will 

be applied as specified under Protective Coatings. Protective coatings specified elsewhere for 

particular works such as pipes and cladding will firstly be designed in accordance with particular 

requirements specified elsewhere and secondly in accordance with any requirements herein that are 

not over-ridden elsewhere. 

This specification refers to BS 5493: „Code of practice for the protective coating of iron and steel 

against corrosion‟. 

(ii) General Requirements 

Protective coatings will be designed in accordance with BS 5493 to have a long service life generally 

at least 15 years to the first maintenance for metal surfaces and tank linings and 5 years to first 

maintenance for building structures. Protection systems will be chosen to be easily maintained in the 

future and to allow in situ re-coating where necessary using single mean/equipment. 

(iii) Environment 

For the purpose of system design the general environment will be assumed as specified in BS 5493 

Table 3 Part 2: „Exterior exposed polluted inland‟. Structures retaining and/or transferring and/or 

storing water will be assumed to be exposed to the Table 3 Part 8: „Non-saline water‟ environment 

unless otherwise agreed by authorized contractual parties. 

Interior spaces in administration areas open to continuous access will be considered dry. Other 

locations will be assumed as damp or immersed. Protective coatings of structures or structural 

components or structures that are continuously or infrequently immersed will be designed for the 

more onerous of these two conditions concerning the protection system used. 

All exterior exposed items to be coated will have a final coat of good appearance and of a color and 

type as agreed by authorized contractual parties. 

Protection system for a structure, a group of structures or structural parts will be determined in the 

design phase. 

(iv) Systems 

Protective coating systems will generally be included in one of the following basic systems: 

 galvanizing; 

 galvanizing plus painting; 

 multi-coat painting; 

 bitumen enamel; 
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 others as proposed in particular design and agreed by authorized contractual parties. 

Depending on necessity to protect a structure or a part of a structure, the designer will provide details 

of corrosion protection based on protection systems quoted above. Each item to be protected will be 

allocated to one of the categories below: 

 trash screens, flooring, ladders, access covers and frames, step irons and other components 

which are inaccessible but subject to abrasion/damage; 

 structural steelworks (including crane beams, monorails, crane structures and chassis), 

bulkhead gates, stoplogs, grappling beams, steel tanks and other large items readily 

accessible for maintenance; 

 valves and other corrosion-susceptible items which may be buried and are not covered by 

the provisions of other specifications;  

 other components not covered by the above quotations for which a special system may be 

considered to be more advantageous. 

B.4 Thrust Blocks 

Thrust blocks on pipelines will be designed to resist with the specified factors of safety any pulls or 

thrusts to which they may be subjected. Four basic load conditions must be considered: 

 normal operation, 

 test pressure, 

 closed valve pressure with pumps running, 

 earthquake including loads due to normal operation. 

B.4.1 Sliding 

(a) Normal operation 

Where the factor of safety against sliding is not otherwise specified, it will be taken as not less than 

1.5 calculated on frictional resistance at the base of the thrust/anchor block in the direction of 

incipient sliding. 

Should it be necessary to take into account passive resistance of soil, the factor of safety against 

sliding will not be less than 2 even if frictional resistance is included. When using the passive soil 

resistance for stability calculations, an estimation of block movement will be required in order to 

check compatibility of the movement with the pipe joint system used. 

Passive soil resistance will not be taken into account where movement cannot be permitted (rigid pipe 

joints for example). 

(b) Test pressure 

A minimum factor of safety of 1.2 on friction on sides and base of structure is required. In view of his 

responsibility for the Works, the Contractor may propose a higher factor of safety later on. 

(c) Closed valve pressure with pumps running 
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A minimum factor of safety of 1.4 on friction on sides and base of structure is required. 

(d) Earthquake including loads due to normal operation 

A minimum factor of safety of 1.2 on friction on sides and base of structure is required. 

Should passive resistance be mobilized in design of thrust block and pipelines, the factors of safety for 

test, closed valve pressure and earthquake conditions will be increased depending upon the relative 

contributions from friction and passive resistance but will not exceed the value of 2. Basis for 

comparison (unit measure) will be the friction component (increasing factor = total resistance/ 

frictional resistance). 

B.4.2 Overturning 

Safety factor against overturning will be minimum 3.0 for load condition (a) and minimum 1.5 for 

load conditions (b), (c) and (d). 

B.4.3 Buoyancy 

Safety factor against buoyancy will be minimum 1.1 for all load conditions. 

B.5 Retaining Walls 

Retaining walls will be designed to resist with the specified factors of safety any loads to which they 

may be subjected. 

Retaining walls that are not restrained above their bases will be designed to resist not less than active 

earth pressure. Retaining walls that are restrained above their bases or form part of a basement will be 

designed for at-rest earth pressure; the co-efficient of earth pressure at rest will be taken not less than 

0.5 of the vertical pressure at the point being considered. 

Anchorage for retaining walls, where necessary, should be positioned outside the zone influenced by 

deflection or lateral displacement of the retaining wall. Connection between anchorage and retaining 

wall will be designed to resist the tensile stresses and all lateral or vertical stresses to which they may 

be subjected by settlement, earth-moving during construction or other reasons. 

In addition to the specified earth pressures, retaining walls will be designed for any surcharge that 

may be applicable and for appropriate water pressure. 

Table B.5.1: Factors of Safety for (a) Normal Condition and (d) Earthquake Will be as Shown: 

 Factor of safety against: 

Loads Sliding Overturning Buoyancy 

(a) Normal condition 1.5 3.0 1.1 

(d) Earthquake 1.2 1.5 1.1 

Should it be necessary to take into account passive resistance of soil, the factor of safety against 

sliding will not be less than 2 for load condition (a) and 1.5 for load condition (d). 
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Appendix C Pipeline Structural Design 

C.1 General 

Water supply pipe must be the pipe having strength to endure the inner pressure and external pressure. 

Maximum hydrostatic pressure and water hammer pressure must be considered into inner pressure. 

Also, earth pressure, road weight and earthquake load must be considered into external pressure. 

Ductile iron pipe applied in these design must be used with pipe thickness suitable for the standard, 

considering actually applied force of inner pressure, external pressure, differential settlements, 

earthquake load and so on. In any case, it must be above the minimum pipe thickness 

Therefore, we implemented the review for the pipe thickness of the ductile iron applied in these 

design and the results of the review was that the pipe thickness is suitable. 

Standard 

• C25  D1,800 mm  17.7mm 

• C25  D1,600 mm  19.7mm 
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C.2 Calculation sheets 
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Appendix D Hydraulic Calculation 

D.1 Hydraulic Design Criteria 

In this design, the modeling conditions and parameters applied in the DSC03 are applied for 

consistency with the master plan, and the contents are as follows. 

BDS Pipe line is designed using 542MLD flow including all pipes of phase 1 and 2. 

EPANET program is used 

The velocity in pipe is maintained as 0.4 to 2.2 m/s 

Pressure head at the top of reservoirs inlets is 4m or higher. 

Hazen-William Friction Coefficient C = 130 for Ductile Iron Pipe 

Model is designed using static pressure at Sundarijal treatment plant (2m above outlet pipe level to 

eliminate air vortices in the pipe) at 1397m AMSL 

D.2 Hydraulic Calculation 

The schematic drawing for hydraulic calculation is as follows 
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Water supply demand of each reservoir is as follows, 

Table 1. The population distribution, demand and supply plan for each reservoir 

Reservoir 

Population Demand(MLD) 
each 

reservoir 

supply 2015 2025 2030 2015 2025 2030 
Each reservoir 

distribution  

BALAJU 360,281 519,247 617,585 60.906 87.779 104.403 36.517 72.100 107.102 107 

BANSBARI 192,990 298,502 368,976 32.625 50.321 62.375 19.561 41.333 63.987 64 

PANIPOKHARI 102,486 153,811 172,043 17.325 24.702 29.084 10.387 20.290 29.836 30 

MAHANKALCHAUR 335,262 478,016 562,798 56.676 80.809 95.141 33.981 66.375 97.600 98 

ARUBARI 83,959 146,477 195,469 14.193 24.762 33.044 8.510 20.339 33.898 34 

MINBHAWAN 41,855 59,677 70,261 7.076 10.088 11.878 4.243 8.286 12.185 12 

ANAMNAGAR 50,519 72,030 84,806 8.540 12.177 14.336 5.120 10.002 14.707 15 

KHUMALTAR 292,730 391,550 449,027 49.486 66.192 75.908 29.670 54.369 77.870 78 

KIRTIPUR 167,195 260,243 324,760 27.945 43.357 54.003 16.755 35.613 55.399 55 

TIGANI 51,867 81,334 100,424 8.768 13.750 16.977 5.257 11.294 17.416 17 

KATUNJE 137,722 172,993 188,473 23.282 29.245 31.861 - 29 32 32 

Grand Total 1,816,866 2,633,880 3,134,622 283.540 413.937 497.149 170 369 542 542 

As the result of calculation, the pressure of each reservoir  is above 4.0m and the velocity in all 

pipes is from 0.4 to 2.2m/sec. 

 
Elevation        Demand           Head             Pressure         

 Node ID                 m MLD m m 

Junc Arubari(Tank)       1379.482 34 1386.97 7.47 

Junc Arubari(J)          1379.2 0 1387 7.79 

Junc MahankalChaur(Tank) 1372.251 98 1385.01 12.73 

Junc Mahankal(J)         1371 0 1385.41 14.38 

Junc Chabahil(C)         1331.77 0 1383.82 51.94 

Junc NARAYANGOPAL        1342.86 0 1378.41 35.48 

Junc Bansbari(Tank)      1371.424 64 1377.1 5.67 

Junc Balaju(Tank)        1345.7 107 1368.26 22.52 

Junc MACHHAPOKHARI       1299.35 0 1369.77 70.28 

Junc KALANKI             1293.12 0 1357.81 64.56 

Junc EKANTAKUNA          1305.73 0 1363.41 57.57 

Junc SATDOBATO           1331.17 0 1362.68 31.44 

Junc Kumaltar(Tank)      1351.991 78 1356.51 4.51 

Junc TINKUNE             1294.56 0 1374.65 79.93 

Junc GAUSHALA            1321.81 0 1381.7 59.77 
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 Elevation        Demand           Head             Pressure         

 Node ID                 m MLD m m 

Junc KOTESHWOR           1309.4 0 1372.94 63.41 

Junc TIGENI(J)           1354.683 0 1372.03 17.31 

Junc MINBHAWANBANESHWOR  1304.81 0 1372.57 67.62 

Junc MAITIGHAR           1284.9 0 1367.72 82.65 

Junc AnamNagar(Tank)     1298.285 15 1366.45 68.03 

Junc THAPATHLAICHOWK     1284 0 1367.29 83.12 

Junc LAINCHAUR           1305.61 0 1368.56 62.82 

Junc BALAJU              1292.87 0 1369.28 76.26 

Junc MinBhawan(Tank)     1305 12 1370.46 65.33 

Junc Paniphokari(Tank)   1329.5 30 1369.44 39.86 

Junc Gokarna(C)(D1600)   1327.435 0 1388.7 61.14 

Junc KHASHIBAZAAR        1291.549 0 1355.94 64.26 

Junc Katunje(Tank)       1349.664 32 1351.94 2.27 

Junc Kirtipur(Tank)      1343 55 1350.75 7.73 

Junc Gokarna(J)          1359.985 0 1388.57 28.52 

Junc Pipedia(changepoint)(NEW) 0 0 1392.09 1389.3 

Junc Tigeni(Tank)        1360 17 1371.94 11.92 

Junc Pipedia(changepoint)(Exiting) 0 0 1391.06 1388.28 

Junc Gokarna(C)(D700)    1327.435 0 1388.68 61.12 

Resvr Sundalijal(WTP)    1395.044 542 1395.04 0 
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Link ID 
Length 

m 
Diameter 

mm 
Roughness 

C - value 
Flow 

MLD 
Velocity 

m/s 
Pipe Arubarijunction-

Arubari(Tank) 
29.48 700 130 34 1.02 

Pipe Arubari(J)-Mahankal(J) 1135.51 1400 130 218.8 1.65 

Pipe Mahankal(J)-

Chabahil(C) 
3394.245 1400 130 120.8 0.91 

Pipe 43                  2914.245 1400 130 253.91 1.91 

Pipe 45                  1760.14 1000 130 64 0.94 

Pipe 52                  3386.651 1100 130 159.91 1.95 

Pipe 64                  1938.24 800 130 78 1.8 

Pipe 77                  596.8598 800 130 73.78 1.7 

Pipe 84                  1707.51 500 130 21.31 1.26 

Pipe 90                  3078.61 500 130 7.52 0.44 

Pipe 92                  941.3 1000 130 52.91 0.78 

Pipe 102                 3036.75 500 130 13.83 0.82 

Pipe 150                 5126.69 700 130 45.39 1.37 

Pipe p18                 834.7 700 130 45.39 1.37 

Pipe p19                 3874.81 400 130 9.61 0.89 

Pipe 153                 1742.99 400 130 4.22 0.39 

Pipe 155                 3573.189 800 130 73.78 1.7 

Pipe 160                 1475.01 400 130 8.13 0.75 

Pipe 162                 486.54 400 130 6.31 0.58 

Pipe 170                 3591.963 900 130 81.9 1.49 

Pipe 171                 1095.483 1000 130 -107.09 1.58 

Pipe 178                 1756.69 500 130 7.52 0.44 

Pipe 179                 2359.49 500 130 25.19 1.48 

Pipe 267                 724.24 400 130 12 1.11 

Pipe 273                 1676.86 500 130 30 1.77 

Pipe 276                 287.03 400 130 15 1.38 

Pipe 290                 784.44 1000 130 107 1.58 

Pipe Mahankaljunction-

Mahankal(TANK) 
146.28 900 130 98 1.78 

Pipe p45                 6457.89 700 130 49 1.47 

Pipe p42                 8095.47 600 130 32 1.31 

Pipe p43                 1626.85 700 130 55 1.65 

Pipe 8                   849.29 1400 130 252.8 1.9 

Pipe Sundarijal-Gokarna(C) 2064.64 1600 130 337.74 1.94 
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Link ID 
Length 

m 
Diameter 

mm 
Roughness 

C - value 
Flow 

MLD 
Velocity 

m/s 
Pipe Sundarijal-

Gokarna1(NEW) 
3196.39 1800 130 337.74 1.54 

Pipe 14                  45.72 500 130 17 1 

Pipe Gokarna(C)(D1600)-

Chabahil(C) 
5592.17 1600 130 240.2 1.38 

Pipe Sundarijal-

Gokarnajunction(OLD) 
2013.88 1400 130 204.26 1.54 

Pipe Sundarijal-

Gokarna1(OLD) 
3211.77 1400 130 204.26 1.54 

Pipe 3                   43.85 700 130 48.54 1.46 
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Appendix E Pipeline Design Criteria 

E.1.1 General 

The pipeline will be designed to provide a pipeline system which is structurally sound and is easy to 

operate and maintain. 

E.1.2 Cover 

The following will be the minimum cover: 

 1,800 mm   1.8m 

 1,600 mm   1.5 m 

The pipeline will generally be designed for a minimum cover of 1500 mm and a maximum cover of 

3 500 mm. 

E.1.3 Gradients 

In order to avoid the formation of air pockets the adopted minimum slopes are 2 
o
/oo (1 in 500) for 

ascending and 4 
o
/oo (1 in 250) for descending pipes. If the pipeline is laid on a slope greater than 20 

% (1 in 5) for an above ground pipeline or 25 % (1 in 4) for a buried pipeline the anchor blocks will 

be provided. 

E.1.4 Air Valves 

Air valves will be provided at all high points of the pipeline, in sections which form a peak with 

respect to the hydraulic gradient and on the downhill side of isolation valves. Air valves will also be 

installed in long ascending or descending pipe sections at a maximum spacing of 800 m and in 

particular at points with significant change of pipeline gradient. 

Air valves will be of combined type with a larger and smaller venting orifice which permits passage 

of  large volumes of air for vacuum breaking and venting on starting up and closing down operation 

and a small venting cross section for release of small volumes of air under full internal operation 

pressure.   

An isolation valve will also be installed to allow inspection and repair of the valve without shutting 

off the main. All valves are flanged and will be of PN 16. 

In general the following air valve types are recommended: 

For pipelines of :  DN 1600 -  DN 1800  double air valve DN 200 

E.1.5 Washouts 

Washouts will be provided at all major low points. 
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E.1.6 Line Valves 

Line valves will be provided at river crossings and at other locations where there is risk of damage to 

the main, they will also be provided to allow sections of the pipeline to be drained and to allow future 

cross connections. 

E.1.7 Thrust Blocks 

Thrust blocks will be provided at all locations where thrusts are both resisted by the pipeline or other 

structures and there is a risk of pipeline movement. 

Thrust blocks will be designed as described in Appendix B. 

E.1.8 Pipeline Protection 

The pipeline will be protected where there is risk of damage from excessive loads, erosion or impact.  

The protection will be designed on a case by case basis. 

E.1.9 Drawings 

Drawings will be prepared to illustrate the designs prepared and to allow a proficient contractor to 

construct the works. 

E.1.10 Hydraulic Profile 

Hydraulic profile drawings for the bulk distribution mains will show steady state and transient 

conditions result along the pipeline route.  The drawings will be supported by calculations.  

E.1.11 Pipeline Layout 

Layout drawings will be drawn to scale 1: 2000 or 1: 2500. 

Each drawing will consist of pipeline alignment, position of pipeline structures, road or river crossing, 

position of trial pits, marked chainage, alignment of power lines, surrounding houses, notification of 

other services, etc. 

E.1.12 Longitudinal Profile Drawings 

Longitudinal profile drawings may be shown on the same drawing as the pipeline layout and drawn at 

the same scale horizontally and a factor of ten different vertically e.g.: 

 Horizontal 1: 2000 

 Vertical  1: 200  

Each drawing will show ground and invert levels along the profile, chainage, type of bedding, 

diameter and class of pipe, position and description of pipeline structures etc. 
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E.1.13 Pipeline Details 

In areas where it is not possible to satisfactorily show the pipeline layout or longitudinal profile at a 

scale of 1:2000 of 1:2500 pipeline detail drawings will be prepared using the following scales: 

 Pipeline Details  1:100 or 1:50 

E.1.14 Structural Details 

Drawings which show structural details: thrust blocks, chambers etc will generally be shown on 

drawings as described in Appendix B section 2.2.11. 
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Appendix F Air Valve and Wash-out Valve calculation 

F.1 General 

In these design, the diameter of Air valve and Wash-out valve was calculated based on the relations 

between the amount of drainage and the amount of air suction through Air valve when Wash-out 

valve open. 

F.2 Theory 

F.2.1 Air Valve capacity calculation 

(i) Determination of Air Valve diameter 

(a) Design Condition 

1) Flow rate : refer to hydraulic calculation 

(b) Formula(by "APCO Valves Manual" p.93, APCO VALVE AND PRIMER CO.) 

1)  Flow rate by Pumping when discharged through pipe(Q1) 

Q1 =  [ CFS : f3/sec ] 

2) Drain flow rate by gravity(Q2) 

Q2 = 0.08666×(S×d5) [ CFS ] 

S : Slope of pipe line = H/L 

d : Diameter of drain pipe [ in ] 
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(c) Determination of diameter 

In this design, applied pipe diameter is 1,600mm and 1,800mm, so double orifice 200mm air 

valve is proposed. Therefore, air valve is determined based on synthetically reviewing 

proposed diameter and above formula. 

F.2.2 Wash-out Valve capacity calculation 

(i) Calculation of wash-out valve diameter and Drainage time 

(a) Design Condition 

- Wash-out valve diameter is the diameter at which the amount of drainage can be discharged 

within 1 hour 

- Wash-out valve diameter is recommended more than quarter of main pipe. 
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(b) Outflow rate through Drain Pipe 

Q = A․ V =  =  [㎥/sec] 

d : Diameter of Drain Pipe(m) 

ℓ : Length of Drain Pipe(m) 

1.5 = fi : entrance-loss coefficient 0.5 + fo : runoff-loss coefficient 1.0 

f : coefficient of frictional loss 

f = =  

n : coefficient of roughness H : Height difference between air valve and drain pipe(m) 

(c) Determination of Drain pipe diameter 

1) Drain flow rate 

Qd =  [ ㎥/sec ] 

Qd = Total outflow rate of LINE 

V' = V1 + V2 = A1 + L1 + A2×L2 

T : total T(total drainage time through Drain Pipe, min) 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

F-4 

2) Discharge capacity of drain pipe 

Qo = A․ V =  [㎥/sec] 

Qo : Discharge capacity of drain pipe(㎥/sec) 

d : Diameter of drain pipe(m) 

n : Coefficient of roughness of drain pipe(concrete pipe : 0.013) 

R : Hydraulic radius of drain pipe(A/P) 

l : Gradient of drain pipe(H/L) 

3) Determination of Drain pipe diameter 

Qd< Qo = OK 
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F.3 Calculation sheets 
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Appendix G Trust block calculation 

G.1 General 

Thrust block is required to prevent the pipe from the separation of the ductile iron joints by the force 

generated from the fluid at the bending pipe and prevent the pipe from the water leakage by the 

separation of those joints.  

In these design, the size and thickness of thrust block were calculated considering the force generated 

by the fluid at the bending pipe, the weight of the block itself, the weight of the soil covering the 

upper part of thrust block, the friction of soil and so on. 

The applied diameter in these design is D1,600mm and D1,800mm, which is large pipe. Therefore, 

Casing type thrust block was applied according to advantages in terms of stability and land 

acquisition. 
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G.2 Calculation sheets 

 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-3 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-4 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-5 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-6 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-7 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-8 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-9 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-10 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-11 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-12 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-13 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-14 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-15 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-16 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-17 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-18 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-19 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-20 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-21 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-22 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-23 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-24 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

  
 

 

G-25 

 



  

DESIGN REPORT  

CONTRACT NO. KUKL/BDS/05 

 

 
 

 

H-1 

Appendix H Pipe Buoyancy stability review 

H.1 General 

Pipe is vulnerable to buoyancy when the pipe is empty under construction or before commissioning. 

Due to the situation as previously stated, accident related to buoyancy occurs frequently. Therefore, in 

these design, we reviewed the buoyancy affecting the pipe to acquire the stability about the buoyancy 

when the pipe is empty, which also influences the determination of the minimum soil cover. Based on 

the results of the review, the minimum soil cover was applied to the calculation in these design. 

H.2 Calculation sheets 
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Appendix I  Preparation of the Engineer’s Cost Estimates 

Summary of Bill of Quantities (Sundarijal-Chabil Connection Chamber) 
 

KUKL/BDS/05 (Ch-0+000-10+740) 
 

Part 
No. 

Work 
No. 

Description of Works Amount 

  (NRs.) 

A   Preliminary, Provisional and General Work   

  A1 Preliminary and General Work 97,715,914.85 

  A21 Provisional Work 45,200,000.00 

B   Civil Works   

  B1 
Site Clearance, Earthwork, Sand Filling, Shoring and Other 

Earth Material Related Works 
547,704,220.86 

  B2 Brickwork 15,446,874.08 

  B3 Concrete Related Work 72,064,740.84 

  B4 Surface Finishing Work 2,892,421.75 

  B5 Reinstatement and Pavement Work 88,599,927.90 

  B6 Metal Related Work 1,360,568.50 

  B7 Miscellaneous Works 136,642.90 

C   Pipe line, Pipe Fitting  and Other Pipe Line Related Works   

  C1 Pipe Supply, laying and jointing works 1,758,645,750.00 

  C2 
Supply and Installation of Pipe Fittings, Valves and 

Appurtenances 
336,222,854.00 

  C3 Hydrostatic Testing and Disinfection Work 11,671,042.00 

        

D D1 Dayworks 427,875.00 

        

    Sub Total       2,978,088,832.68  

    Price Contingencies @ 10%          297,808,883.27  

    Physical Contingencies @10%          297,808,883.27  

    Sub total       3,573,706,599.22  

    VAT @  13%          464,581,857.90  

    Total estimated Cost (Grand Total) 4,038,288,457.12 
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ABBREVIATIONS 

 
ADB Asian Development Bank 

AV Air Valve 

BDS Bulk Distribution System 

BLS Base line station 

BM Bulkmeter 

BPC Butwal Power Company 

BS British Standard 

CAN Contractor‟s Association of Nepal  

CBP Capacity Building Partnership 

CIP Carriage and Insurance Paid 

DDU Delivery Duty Unpaid 

DIN German Standard Organization (Deutsche Industry Norm)  

FH Fire Hydrant 

FIDIC Federation Internationale des Ingenieurs Conseils  

ICB International Competitive Bidding 

ICM Indian Corporation Mission 

IDA International Development Agency  

ISO International Standard Organization  

IV Isolation Valve 

KUKL Kathmandu Upatyaka Khanepani Limited  

LCB Local Competitive Bidding 

MDD Maximum dry density 

MT Metric ton 

MWSP Melamchi Water Supply Project  
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OMC Optimum moisture content 

PAF Project affected families 

PAP Project affected people 

PBM Permanent bench marks 

PID Project Implementation Directorate  

PRV Pressure Reducing Valve 

SPT Standard penetration test 

TBM Temporary bench marks 

TOR Terms of References 

UFW Unaccounted- For-Water 

UWSSRP Urban Water Supply and Sewerage Rehabilitation Project  

WSSA Water Supply and Sanitation Area 

WV Washout Valve 

VAT Value added tax 
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SALIENT DESIGN FEATURES 
 

Sl. No. Particulars 

1 Country Nepal 

2 Capital City Kathmandu 

3 Name of the Project 
Kathmandu Valley Water Supply Improvement 

Project (KVWSIP) 

4 Source of Finance ADB Loan 3255-NEP 

5 Implementing Agency KUKL, PID, Kathmandu assisted by DSMC 

6 Executing Agency Ministry of Water Supply 

7 Operation & Maintenance KUKL, Kathmandu 

8 Scope 

Providing Distribution Network Improvement to DNI area -7B 

(DNI Zones A, B, C, F, K)  

9 Area Covered (Ha) DNI area - 7B: 569.20 Ha   

10 Municipal Wards Covered 13,14, 15 & 16 

11 Population served (for DNI-7B ) 

Initial Design Year (2015): 96,934 

Design Year Population (2025): 128,792 

Intermediate Design Year (2030): 171,119 

Ultimate Design Year (2045): 332,090 

12 Service Reservoirs 

DNI area–7B (DNI Zones - A,B,C,F & K) served by 

Balaju & Kirtipur 

13 
Number of House Service 

Connections (HSCs)-nos. 
DNI area-7B (DNI zones - A,B,C,F & K): 25,782 Nos 

14 Total Water Demand (lps) 
DNI area-7B (DNI zones- A,B,C,F & K): 1110.901 

 

15 Pipe Length (m) 
DNI area-7B (DNI zones - A,B,C,F & K): 241462m 

HDD: 51332m 

16 Isolation Valves (nos.) DNI area-7B (DNI zones - A,B,C,F & K): 334 

17 Bulk meters (nos.) DNI area-7B (DNI zones - A,B,C,F & K): 20 
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Sl. No. Particulars 

18 Fire Hydrant (nos.) DNI area-7B (DNI zones - A,B,C,F & K): 136 

19 Air Valve (nos.) DNI area-7B (DNI zones - A,B,C,F & K): 73 

20 Washout Valve (nos.) DNI area-7B (DNI zones - A,B,C,F & K): 48 

21 
Minimum Node Pressure 

(m) 
DNI area-7B (DNI zones - A,B,C,F & K): 10-50 

22 
Pressure Reducing Valve 

(nos.) 
DNI area-7B (DNI zones - A,B,C,F & K): 18 

23 
Number of District Metered Area 

(DMA‟s)/service Areas 
DNI area-7B (DNI zones - A,B,C,F & K: 18 

23 Pumping Arrangement (for DNI zones B, & A 1.10, elevated areas) 

23.1 DNI zones covered by Pumping 

Zones DNI 7B & (A 1.10) 

We were instructed by the KUKL not to design A1.10. However, 

we had made a provision of an outlet to area A-1.10 (by     ../..pumping 

arrangement) with a demand of 155lps. 

23.2 Number of Pumps 8 Nos. 

23.3 Type of Pump Centrifugal Horizontal Split type & Submersible 

23.4 Standby Arrangement 5 (working) + 1 (standby) & 2 No of Submersible 

23.5 
Discharge Capacity of each 

Pump 
30700 m

3
/day 

23.6 Pumping Head 42 m 

23.7 
Diameter and Length of 

Pumping Main 
500mm dia  

23.8 Pump Capacity Each of 75 HP 
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Sl. No. Particulars 

23.9 Service Reservoir Balaju 

23.10 Total Water Demand (lps) 

DNI Zone A: 308.26 

DNI Zone B: 249.953 

DNI Zone C: 250.058 

DNI Zone F : 141.69 

DNI Zone K: 160.94 

23.11 

Number of District Metered Area 

(DMA‟s)/service areas 

DNI 7B: 18 

DNI Zone A 1.10: Not designed (as per KUKL instruction) 
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Introduction  

 

1.1 General Background 

Nestled in the lap of Himalayas, Nepal is a small and beautiful country spreading over a 

geographical area of 147,181 sq. km. The population of Nepal is recorded 26.4 million (Census 

2011). The urbanization rate is lower at 16% in comparison with its South Asian counter parts. 

The capital city Kathmandu is the largest urban centre and has been experiencing rapid urban 

growth in recent years. The last decade experienced a growth of 7% which is one of the highest in 

the urbanising world. 

The Kathmandu valley is spread over an area of 900 sq. km, and comprises five municipalities 

and is home to about 30% of the country‟s urban population. 

The rapid increase in population -affected both by natural growth and in- migration has increased 

the demand for infrastructure services, housing, and for other amenities in Kathmandu Valley. 

The infrastructure development, on the other hand, has not been up to the requirement. These are 

resulted in large gap in service delivery, especially in basic services like water supply, sewerage 

and power supply. Lack of operational wastewater system facilities converted the holy Bagmati 

River into a highly polluted river. 

The project was developed using lessons from previous ADB interventions. An important lesson 

from earlier projects was to give importance to rehabilitation of networks along with creation of 

assets. Accordingly, the project will focus on reducing non-revenue water (NRW) and improving 

the existing network. To drive efficiencies and introduce best practices, the project will utilize the 

District Metering Areas (DMA) approach for distribution network improvement (DNI) and non-

revenue water (NRW) reduction. With the completion of Melamchi tunnel, Kathmandu Valley 

will receive an additional 170 million litres per day (MLD) upon completion of stage one while 

the current average availability is only 100 MLD against a demand of 367 MLD for 2014-15. The 

project will adopt contracts with adequate provisions to monitor NRW reduction, introduce 

asset management plan, and develop geographical information system (GIS) to maximize 

benefits. 

The expected impact of the project is sustainable water supply services for residents of 

Kathmandu Valley covered under the scope. The expected outcome is improved access, 

efficiency, and reliability of water supply services to the residents of Kathmandu Valley including 

poor women and men. The project will prioritize underserved areas and poor sections of the 

population in Kathmandu Valley. The project will further enhance capacities of the urban areas to 

attract investments, increase productivity and create enabling environment for higher economic 
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growth. Piped water through individual household connection will relieve women of the drudgery 

of managing water, thereby giving them more time for social and economically productive 

activities. 

1.2 Current Project Objective and Scope –DSC-03 Objective of the Assignment 

The objective of the proposed consultancy services for Design, Management and Supervision 

Consultants is to: 

 Carry out detailed design of distribution network improvement of remaining areas of 

Kathmandu Metro (7B) Area and Kathmandu North-East Region. 

Scope of services 

 Review of preliminary design and preparation of base maps, manuals, guidelines and 

commissioning plans. 

 Surveys, studies and investigations. 

 Detailed Engineering Design and Bid Document preparation. 

 Social, Environmental, Archaeological, Occupational health & safety, Community 

participation and Gender issues during the detailed design phase. 

 
This report presents the detail design of distribution network improvement of new 7B DNI areas; 

where DNI-7B Area comprises of four DNI Zones namely DNI-A (A1.8), DNI-B (A1.9), DNI–C 

(A1.5), DNI-K (A9.1) & DNI–F (A1.4). 
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Figure 1.1: Demarcation of 7B Areas (Comprising of DNI Zones-A, B, C, F, & K) 

boundary 

 
 

1.3 Scope of –DSC-05 

The design was fully undertaken by DSC03 but has been reviewed and updated by DSC05. 

DSC05 could only review within the information submitted by DSC03 and have improved the 

design with minimum changes. 

For secondary mains, HDD method will be applied as per client‟s request in the possible areas. 

Detailed design shall be undertaken by the consultant for Primary mains, Secondary mains and 

Pumping Related facilities. 

This report is based on DSC03 report and revised by DSC05 for several items.



15 

 

 

 

 

 

1.4 Institutional Arrangement 

Following are the key agencies involved in the project implementation. 

 
(i) Executing Agency: The Ministry of Urban Development (MoUD) is the executing 

agency responsible for overall strategic planning, guidance and management of the 

project and for ensuring compliance with loan covenants. 

(ii) Implementing Agency: KUKL, the asset operator and service provider, through its 

existing Project Implementation Directorate (PID), is the implementing agency 

responsible for (i) project planning, implementation, monitoring and supervision, (ii) 

reporting to KUKL Board of Directors, MoUD and ADB, and (iii) coordination of all 

activities in the project. PID is staffed with sufficient number of experienced 

professionals headed by Project Director, who is a Joint Secretary level GON officer. PID 

is supported by the following consultants: 

(iii) Project Steering Committee (PSC): Chaired by the Secretary, MoUD, has been 

established to provide policy guidance, accomplish reform measures, oversee project 

implementation and ensure cooperation of all agencies involved in the project. 

(iv) Design, Supervision and Management Consultant (DSC-3): To support PID in project 

management, engineering design, construction supervision, procurement of goods and 

services, institutional development and capacity building. 

(v) Community Awareness and Participation Consultant (CAPC): Towards assisting in 

community awareness and participation within project area. 

Continuation to signing of loan by Government of Nepal with Asian Development Bank, through 

a competitive bidding process CDM Smith Inc. in association with TAEC Consult P. Ltd. and 

Integrated Consultants Pvt. Ltd. (ICON) is appointed as Design, Supervision and Management 

Consultant (DSC) 

3) For this Loan No. 2776 (NEP) SF project. 
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Structure of the Report 

 
Section 1: Introduction: Project background with objectives and scope of study 

Section 2: Existing Water Supply Scenario in Kathmandu  

Section 3: Population projection and Water demand  

Section 4: Topographical survey 

Section 5: Design Standards and Approach 

Section 6: Proposed Distribution Network Improvement 

Section 7: Project cost 

Section 8: Operation and Maintenance Plan  

Section 9: Institutional strengthening and Training  

Section 10: Procurement Strategy 
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Existing Water Supply Scenario -Kathmandu 

Water is Nepal‟s largest available natural resources with over 6,000 rivers having a combined 

length of 45,000 km. Still the access to water supply is limited. The water supply system in 

Kathmandu Valley is dependent partly on ground water and partly on surface water sources. In 

all, at present water is drawn from 31 surface sources and 75 deep tube wells (54 operational) 

located in different parts of the valley. The total water production from these sources put together 

is about 100 MLD (dry season) to 150 MLD (monsoon). These sources supply water to 21 Water 

Treatment Plants (WTPs) with a total treatment capacity of 85 MLD. The treated water is fed into 

44 service reservoirs, from where water is supplied through 1,240km of distribution lines, over 

165,000 consumer connections and 1,200 public stand posts to about 2 million consumers. 

The water supply system suffers both from partial coverage (only 70% of the total 2.8 million 

population covered) and inadequate supply (100 to 150 MLD production as against an estimated 

demand of 190 MLD at consumer end). Added to this is the old water supply system with aging 

old and profusely leaking pipes resulting in high water losses (estimated at 45%). Besides, there are 

numerous illegal and unauthorized multiple connection, resulting in a large portion of unaccounted 

for water (UFW). 

Under the water shortage conditions, KUKL (the agency responsible for water supply in 

Kathmandu Valley) has applied a rationing system whereby water is allowed to flow to different 

sections of the metropolitan/urban area in rotation. The control system developed by KUKL is 

complex to implement as it requires KUKL staff to operate with over 1000 valves for distribution. 

The result is an inequitable distribution of water, particularly as the areas close to the water 

sources are very difficult to isolate. While some parts of the city have an abundance of water and 

enjoy 24-hour supply, a large share of the population only receives water for a few hours every 2-

5days and even then, the pressure is low and the quality is poor. As most areas receive intermittent 

supply with low pressure, use of pumps to suck water and bypassing of water meters are believed 

to be quite common techniques used by the consumers. People in many areas often receive one-

hour supply in every fourth day only. 

The outdated system with old design, ad-hoc development on need basis and old and damaged 

pipes has given rise to contamination of treated water. Water quality at the consumers end is far 

less than desired and it is a common practice to treat or boil water for potable use. While the basic 

cost of piped water in Kathmandu may be cheap, the other direct and indirect costs associated 

with its use seem very high. The mushrooming of firms supplying the household level water 

purification systems in Kathmandu is an indication of growing water quality concerns among the 

general public – a recent survey report states that there are about 64 water vendors in Kathmandu. 
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Besides, there is sprawling private water supply market supplying treated water at a rate of Rs. 5-

10 per 20 liters to the consumers. Around 60% of the households in Kathmandu either boil water 

or use some form of water purification devices to attain quality water for drinking use. Also, an 

estimated 20% of the households depend on packaged water supply. On an average, the current 

“water cost” is around Rs.350-500 per month per household. Besides the exorbitant costs 

associated with these alternative strategies, there is no assurance of quality. 

The typical/specific problems exhibited in entire Kathmandu distribution network and as well in the 7B  

areas are as follows: 

 Little equity in water supply; some properties get very good supply with good pressure for 

6-7 hours, while others get only 1 to 2 hours supply every fourth or fifth day with very 

poor pressure; 

 Very high-water leakage and losses in the area. 

 No control mechanism for isolating the service area for maintenance; 

 Multiple house connections to a trunk water supply main; 

 Old and undersized water distribution mains; 

 No operational fire hydrants; 

 Long, multiple house connection pipe work; 

 Areas of poor water supply service; 

 Many non-operational consumer meters. 

 

Many of such households also have secondary water sources like hand pumps, dug well or other 

such facilities to supplement their daily requirements. In addition, same households also 

supplement their drinking water requirements through the use of private tankers and bottled water. 
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Population Projection & Water Demand 

3.1 General 

A critical factor in the design of a water supply system is the estimation of water demand which 

again directly depends on the ultimate population. Design population projection finds its base 

upon the historic census population, the present population and its expected rate of growth. 

Demographic methods for projecting population include numerical methods like Arithmetic 

increase, Incremental increase, Geometric increase, Exponential, Polynomial logarithmic and 

Power series. The best fitting among these is generally used in projecting population for water 

supply schemes. 

For projecting population for Kathmandu Metro Zone historic population figures from years 

1951 to 2011 were collected from the country‟s census website for the various urban and village 

bodies comprising the zone and was analysed using the above methods. On doing a regression 

analysis, a third order polynomial appeared to be representing the historic data best and the 

same is adopted for projecting to future. 

Another critical factor is the design period adopted. Generally, the civil components such as 

source and pipe networks are designed considering the demand for a period of 30 years, water 

treatment plants for 15 or 30 years (based on the difference in capacities and its economics), 

storage and electromechanical components for 15 years. Accordingly, 2015 is proposed as Base 

Design Year, 2030  as Intermediate Design Year and 2045 as Ultimate Design Year. 

Figure 3.1, shows the population growth over last seven decades on the best fitting curve; that is a 

third order polynomial. 
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Figure 3.1: Polynomial Third Order Curve of Historic Population Growth 

 

Adopting above regression model based on third order polynomial, the population projection 

pertaining to Kathmandu Metro Water Supply Zone (Zone A) is projected in Table 3.1 for 

the desired years in the tables below for Base Year, Intermediate and Ultimate Year 

respectively. 

 

Table 3.1: Design Population for Base, Intermediate and Ultimate Years  

(Kathmandu Metro Water Supply Zone) 
 

Year 
Permanent 

Population 

Temporary 

Population 

Total Design 

Population 

2015 – Base Year 16,77,258 5,03,179 21,80,437 

2030-Intermediate Year 29,40,836 8,82,250 38,23,086 

2045 – Ultimate Year 50,48,782 15,14,636 65,63,418 

 
Accordingly, based on trend line method the population projection was made for the DNI Zones 

covered under 7B DNI areas are furnished in the below Table 3.2 
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Table 3.2: Design Population for Base, Intermediate and Ultimate Years 

(DNI 7B & 7C areas) 

 
DNI Zones 

Area Projected Population 

(Ha) 
Base Year - 

2015 

Intermediate 

Year - 2030 

Ultimate Design Year 

-2045 

DNI-A (A-1.8) 109.61 23498 39446 61430 

DNI-B (A-1.9) 85.15 17776 29839 46470 

DNI-C (A-1.5) 50.01 10439 17524 27291 

DNI-F (A-1.4) 122.55 31739 53281 82975 

DNI-K (A-9.1) 201.88 45211 75895 118193 

TOTAL     

 
The details of Area, Ward no. and Zones, HSCs covered by 7B & 7C DNI areas are furnished in 

the below Table 3.3 

 

Table 3.3 Details of Area, ward no. and HSCs covered by  

7B & 7C DNI Areas 

 
DNI 

area 

 

DNI Zones 

Area 

covered 

(Ha) 

Municipal 

Ward no. 

covered 

Population 

served- 2015 

House Service 

Connections 

(HSCs) - 

(Nos.) 

7B 

DNI-A (A1.8) 109.61 15 31,739 6,348 

DNI-B (A1.9) 85.15 15 10,439 2,088 

DNI-C (A1.5) 50.01 15 23,498 4,700 

DNI-F (A1.4) 122.55 16 17,776 3,555 

DNI-K (A9.1) 201.88 13 45,211 9,042 

Total     
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3.2 Estimation of Water Demand 

It is considered that the Project area will be serviced from the Melamchi Project with a target of 510 

MLD. The planning horizon and design is based on this available water resource and the ultimate 

population projection. Also the available water resource of 510 MLD corresponds to the 

population projection slightly beyond 2030 following review and updating of the various 

projections with total population serviced in the project area of about 3.8 million. 

Therefore, DSC 3 Team suggests adopting a flat rate of supply at 135 lpcd (1) for permanent 

population and 40 lpcd for the temporary (floating) population including 15% UFW (Un-

accounted for water) and Fire Demand. 

 

3.3 Fire Fighting Demand (*) 

It is usual to provide for firefighting demand as a coincident draft on the distribution system along 

with the normal supply to the consumers as assumed. A provision in Kiloliters per day based on 

the formula 100√P where p = population in thousands may be adopted for communities larger 

than 50,000. It is desirable that one third of the firefighting requirements form part of the service 

storage. 

Below Table 3.4 indicates Fire demand calculations in each of the DNI Sub- Zones. 

Table 3.4 Fire Fighting Demand 
 

 
 

DNI's 

 
Projected Population 

Design Year -2030 

 

Fire Demand = 

100*√p 

KLD MLD 

DNI-A 39446 19861.02 0.020 

DNI-B 29839 17273.97 0.017 

DNI-C 17524 13237.82 0.013 

DNI-K 75895 27549.05 0.028 

DNI-F 53281 23082.68 0.023 
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Below Table 3.5 indicates population projections and water demand 

calculations in each of the DNI Sub-Zones. 

 
Table 3.5 Population Projection and Water Demand 

 

 
DNI Zones 

 
Area 

 
Population 

Demand (MLD)    

(@135 lpcd + 40 lpcd + 

15% UFW) 

Water Demand 

Design for 510 
MLD (2) 

Served by 

Reservoir 

(Ha) 2015 2030 2045 2015 2030 2045 MLD LPS 

7B-DNI area 

DNI-A 

(A-1.8) 
109.61 23498 39446 61430 3.93 6.59 10.26 6.84 79.18 BALAJU 

DNI-B 

(A-1.9) 
85.15 17776 29839 46470 2.97 4.98 7.76 5.17 59.89 BALAJU 

DNI-C 

(A-1.5) 
50.01 10439 17524 27291 1.74 2.93 4.56 3.04 35.17 BALAJU 

DNI-F 

(A-1.4) 
122.55 31739 53281 82975 5.30 8.90 13.86 9.24 106.94 BALAJU 

DNI-K 
(A-9.1) 

201.88 45211 75895 118193 7.55 12.68 19.75 13.16 152.33 KIRTIPUR 

TOTAL 1234.58 256459 430520 670456 42.83 71.91 112.00 74.66 864.13  

 
(1) Note: The Figure include requirement of water for commercial, institutional and minor industries. Source: 

Manual on Water Supply and Treatment-Central Public Health and Environmental Engineering Organization 

(CPHEEO), Ministry of Urban development, New Delhi, India. 

(2) Note: We calculated the demands for design years 2015, 2030 and 2045 and as the projected total demand of 

510 MLD is between the design years 2030 and 2045, we had interpolated the demand for each DNI sub-zone for 

510 MLD. 

(*) Source: Manual on Water Supply and Treatment-Central Public Health and Environmental Engineering 

Organization (CPHEEO), Ministry of Urban development, New Delhi, India. 
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Topographical Survey 
 

4.1 Topographic Survey for Distribution Lines: 

Detailed topographical survey work was conducted for new 7B & 7C DNI Zones. The survey using 

Electronic Total Station covered extraction of features which included boundaries, topographical 

and contours. Later the agency re- produced the survey drawings in required format for further 

design by DSC 3. 

 
As part of above survey along the major roads, control points were established. Survey work 

commenced by establishing bench mark as available by geodetic survey branch under 

Government of Nepal. The survey data stored in total station was later transferred for further 

processing using AutoCAD. 

 
The survey was to be undertaken with within a tolerance of ±5cm or size of the Boundary 

Marker whichever is coarser. 

Note: 

 

Currently the topographical survey has been carried out only on main roads (only 30%). The levels of 

intermediate roads have been obtained by interpolating with the levels surveyed on main roads. 

After awarding the contract, the Contractor should carry out 100% topographical survey to verify the 

correctness of the levels adopted in the design and the refinement of the hydraulic model is necessary. The 

Contractor should also carry out the soil investigation wherever necessary and should submit a report. 
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Design Standards and Approach 
 

5.1 General 

Primary design parameters are established for commencing the engineer designs. These 

parameters are largely based on the guidelines specified in Central Public Health and 

Environmental Engineering Organization (CPHEEO) 

– Manual on Water Supply and Treatment, Government of India, choice of technology and 

service level and as well have been discussed with PID, KUKL and finalized. For the present and 

future purposes, the following basic design parameters are discussed in the following sections. 

 

5.2 Design Period 

Distribution network has been designed to meet demand for the year 2030. 

 
5.3 Population 

Projection of population for thirty-year period (2015-2045) has been considered as explained in 

the previous chapter. 

 

5.4 Per-Capita Demand 

A per-capita demand of 135 lpcd for permanent population and 40 lpcd for temporary (floating) 

population including UFW at 15% and Fire Demand. 

 

5.5 Peak Factor 

A peak demand factor of 1.5 has been adopted in the design. 

 
5.6 Residual Head 

Hydraulic analysis and sizing of pipes has been performed to ensure a residual pressure of 

minimum 1 bar (10m) and 5 bar (50m). (This has been updated from DSC05 since HDPE pipe 

class has been increased to PN10) 

 

5.7 Velocity 

As far as possible it was attempted to restrict the flow velocities in distribution pipelines between 

0.5m/s and 2.0m/s. 

5 
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5.8 Allowable Head loss 

Head loss of 10m/km has been limited in the distribution network. 

 
5.9 Loss coefficient: Hazen William “C” values 

The „C‟ value of 110 for DI and 130 for HDPE pipes have been adopted in the design. 

 

5.10 Nodal Demand 

Proportional nodal demand distribution (by area) using “Thiessen” Polygon has been adopted in 

the design. 

 

5.11 District Metered Area (DMA) 

In practice, there will always be a significant variation in size of DMA due to the layout of the 

existing infrastructure and the need to optimize pressure management. DMAs are often sized by 

the number of properties, where typically a property is supplied by a single customer connection. 

Henceforth, DNI‟s is divided into District Metered Area (DMA) with an average households 

ranging from 500 to 3,000 for each DMA. In our Design average of 1,500 Households have been 

considered. (Or) shall be based on topography of the service area. Ref: International Water 

Association (IWA) Guidelines, February2007, Version 1. 

 

5.12 Design and Size of Mains 

Pipe DN400 mm Ø and larger have been designated as Primary Mains and pipe smaller than 

DN400 mm Ø designated as Secondary and Tertiary Mains (based on flow). 

 

5.13 Pipe material 

Selection of pipe material has been performed considering the following parameters: 

 Hazen-Williams Coefficient 

 Ability to withstand Internal / External pressure 

 Ease in handling and lowering of pipes 

 Corrosion Resistance 

 Pipe jointing materials 

 Trouble-free maintenance & operation should be ensured 

 Availability of specials and fittings 
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However, finally the selection of pipe materials were discussed with the Client PID, KUKL and 

agreed as follows: 

 
 HDPE pipe with electro-fusion fittings will be used for distribution lines smaller than 

DN 150mm, and for service connections. 

 DI pipe will be used for mains DN 150mm and larger than DN 150mm. 

 HDPE Pipe size increments, as per availability of materials in the market. 

Eg: HDPE pipe of DN75, DN90, DN 110, per IS 4984 as secondary and tertiary mains, 

and DI pipe as per ISO 2531 as primary mains. 

 HDD method will be applied to secondary mains of size between 150mm to 300mm in 

possible areas. If applying HDD, HDPE can be used for secondary mains up to 300mm. 

(updated by DSC05) 

 

5.14 Piping layout 

 Minimize dead ends by looping of all mains. 

 Dual mains are being provided in all roads greater than 7-meter width, and as needed to 

hydraulically isolate each sub-DMA. 

 DSC-03 staff visited several locations in the field to assess the practicality of placing 

dual mains between every sub-DMA, which will allow complete hydraulic separation 

of each sub-DMA and also allow for permanent meter installations at the inlet(s) to 

each sub-DMA. 

 Many of the streets between sub-DMAs are quite narrow and also contain sewers 

which zigzag from one side of the street to another. For these reasons, it will usually 

not be possible to place dual water mains in such streets while maintaining an adequate 

separation distance from these sewers. Therefore, when unavoidable (the majority of 

such cases are unavoidable), we will design such dual mains to be placed in a common 

trench with an appropriate nominal amount of separation (e.g., 300 mm clear 

separation). Such dual mains will provide the desired hydraulic isolation of sub-DMAs, 

but will still necessitate extending service laterals across the street (which would have 

been avoided had it been possible to place one main on either side of the street). 

 Where dead - end main occurs, it shall be provided washout for flushing purposes. 

 Flushing device shall not be directly connected to the sewer – Where dead-end mains 

occur, they shall be provided with a fire hydrant if flow and pressure are sufficient or 

with an approved flushing hydrant 

or blow-off for flushing purposes. It is recommended that all water quality problem 

areas in the distribution systems be flushed at least twice each year. No flushing device 

shall be directly connected to any sewer. 
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5.15 Testing & Commissioning 

The pipelines shall be tested and commissioned using the procedure and methodology as per 

relevant IS/ISO standards & latest amendments. 

 

5.16 Valves & Appurtenances: 

Isolation valve locations shall be based on the following considerations: 

 Limiting the number of customers (100 to 150) that will be out of service. Limiting the 

number (3 to 5 ) of fire hydrants out of service 

 Limiting the time, (2 hours) takes to drain a pipe segment 

 Limiting the number of customers (100 to 150) impacted by future system 

modifications 

 Limiting future construction within major streets or intersections 

 Avoiding excessive number of valves thus reducing initial cost 

 Shall be located at major or critical street intersections 

 Line valves at primary mains shall be spaced not more than 1km (or) shall be based on 

site condition 

 
Air valve locations: 

 At the highest point in respective distribution network 

 In special locations (such as near district meters) 

 Limited to primary mains except in exceptional cases 

 
Fire Hydrant Locations: 

 Shall be located at major or critical intersections 

 Maximum coverage approximately 5 Hectares per hydrant 

 Maximum spacing approximately 250 meters 

 Minimum tapping size shall be at 200mm Ø for commercial FH and 150mm Ø for 

residential FH. 
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Electromagnetic Flow Meters 

 
It is proposed to install electromagnetic bulk flow meters, each at every inlet pipe of respective 

service reservoirs. 

 
Bulk Meters – It is proposed to install at every inlet to each DMA‟s. 

 
Scour Valves/Wash out Valves 

 

Scour valves are located at selected low-points and at appropriate locations to facilitate water 

and silt removal from the system in cleaning and maintenance operations. 

 

Thrust & Anchor Blocks 

 
Thrust block prevents pipe movement when a pressure system is activated and pressurized. 

Thrust blocking is required at all points of change of direction in the pipe line. Most blocking is 

done where a fitting, valve, or hydrant is installed. There may be times when side blocking is 

necessary because of curvature occurring without the use of fittings. Usually good compacted 

backfill will provide the necessary anchor for side thrust. Concrete blocking is the most 

commonly recommended method of blocking. Concrete is placed directly on the fitting against 

the line of thrust. The concrete must also pour against undisturbed earth. The size of the 

blocking will vary with the size of pipe, working pressure exerted, type of fitting, degree of 

flow direction change, and the soil conditions. 

 
Anchor Blocks are provided wherever the pipe is being laid where the nature of ground is steep 

in nature and wherever the pipeline crosses the rivers/valley in order to hold the pipe and to 

avoid the dislocation of pipe from the alignment. 

 

5.17 Joint Restraint 

A properly designed, restrained pipeline uses the bearing strength and frictional resistance of the 

soil to turn the pipeline into a thrust block. The same basic parameters required to determine the 

size of a thrust block are used to determine the amount of pipe that must be restrained to resist 

thrust forces underground. These parameters are pipe size, pipe type, test pressure, fitting type, 

trench type, depth of bury, soil type, and safety factor. 
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Using joint restraints opens possibilities that are not available with thrust blocks. When 

construction is required in congested underground areas it is next to impossible to pour thrust 

blocks without interfering with other utilities. Also, the use of thrust blocks in congested areas 

poses a problem when construction or maintenance of a different utility occurs in close proximity 

to the thrust block. Because the bearing area of a restrained pipeline is not concentrated in a small 

area, excavations in close proximity do not pose the danger that could be experienced with thrust 

blocks. 

 

5.18 Thrust Restraint for DNI Works 

In flexible non-restrained jointed pipelines (e.g. Tyton type joints or similar), forces at bends, 

tees, tapers, closed valves, dead ends etc. will generally be absorbed by thrust blocks. Concrete 

thrust blocks take the forces from the pipeline and transmit them to the soil adjacent to the pipe 

trench. Thrust blocks shall be constructed of cast-in-place concrete. The bearing faces of the thrust 

blocks will be placed against undisturbed natural soil. Thrust forces and siting of anchor blocks 

will conform with the field test pressure of the pipeline. Dimensioning of the thrust blocks must 

be dependent on the bearing capacity of the prevailing soil. 

 

5.19 Pressure Reducing Valve (PRV) Chambers 

PRV chambers have been provided for the distribution network of all DNIs. They are necessary 

in order to maintain a constant delivery of acceptable service pressure which should not be more 

than the required max head of 4 bars - regardless of varying high inlet pressure. 

 

5.20 Bulk Meters and Other Valve Chambers 

Supply of water to the DNI areas will be from primary mains fed from the respective reservoirs. 

In order to enhance water auditing, bulk meter chambers will be provided. These chambers 

comprise of control valves (Sluice Valve) and other necessary appurtenances to control water 

from the transmission main and isolating distribution blocks from maintenance purposes. Each 

bulk meter will be well equipped with flow sensor & data loggers to record flow rate for analysis 

and record keeping. Similarly, other valve chambers have been provided to isolate parts of the 

distribution system for maintenance or in case of damage. 
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5.21 Pressure Test Point Chambers 

Pressure test point chambers have been provided for each DMA at maximum and minimum 

pressure level. 

 

5.22 Air Valve Chambers 

Air valve chambers with drain pipes and sluice valves have been provided along the primary and 

secondary main alignments. The air valves are double orifice (with ball/gate valve isolation). 

 

5.23 Water Revenue Meters 

Dry dial volumetric rotary piston type water revenue meter for all house connections are 

proposed. These household water meters have 15mm, 20mm and 25mm Nominal Diameter and 

have been recommended for use elsewhere in Kathmandu. 

 

5.24 House Service Connections 

All house service connections shall be of non-metallic pipe in order to reduce leakage at the 

service connection points. 

 

5.25 Chambers 

All chambers are M 20 Grade RCC Chamber. All the chambers have been designed for heavy 

traffic load (heaviest axle load of 8 ton) and limiting cracking width philosophy assuming other 

design parameter such as depth of pipe, location of ground water table, soil characteristic, etc. 

 

5.26 River Crossings 

River crossings may be made by: 

 Constructing a separate pipe bridge 

 Attaching the pipe to an existing bridge 

 Installing the pipe on the footpath of an existing bridge 

 Laying the pipe in the bed of the river in a siphon. 

 
A pipe bridge would be vulnerable to accidents or other attacks. The structure must be above 

maximum flood level. Additionally, a pipe bridge would require an earthquake resisting design, 

which would be very expensive taking into account the high ground accelerations to be expected in 

the Kathmandu Valley. Pipelines, connected to existing road bridges, are only permitted if these 

are connected laterally to its structure. This is of course a difficult solution since appropriate 

supporting structures have to be designed and incorporated to the existing bridge construction. The 

pipeline must not overload the structure and expansion joints would be required to accommodate 

movement of the bridge and pipeline. 
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Permanent installation on footpaths of the bridge is not allowed by the DOR. The rivers to be 

crossed by the BDS have a low water level and flow at the end of the dry season. This will allow the 

pipes to be laid in the riverbed by diverting the river water. Hence normal pipe laying practice 

would suffice to achieve a technically and economical sound river crossing construction. 

For river crossings therefore we recommend a siphon design rather than a pipe bridge design due to 

safety and cost reasons. The pipeline itself will be surrounded by reinforced concrete. 

 

5.27 Road Works 

All road works, road crossings and other works belonging to roads are subject to the approval of 

the Department of Roads and relevant municipal entities. For the approval of all road works, 

submittal of layouts and details and descriptions of the works to be executed are required by these 

entities in advance of the works. 

Roads generally have to be crossed perpendicular to the road axis; however, in some cases the 

pipeline will run along the road. It is assumed the pipes will be installed in an open trench with the 

temporary diversion of vehicular traffic. The precise details of the temporary diversion and traffic 

control will be the responsibility of the contractor. 

The pipe trench backfill will continue up to the underside of the sub-base of the road surface. The 

installation of the road sub-structure and final completion of the road surface then will be done by 

the contractor. 

 

5.28 Pump House & Reservoir Tank 

Most of the areas of DNI Sub-zones B, C & A 1.10 are located at high elevation areas due to which 

they are not able to get water by gravity from Balaju reservoir. Hence, pump house with 3 

centrifugal pump sets 2 (W) +1 (S) will be constructed nearby Muslim Graveyard located in DNI 

C to pump water from Graveyard to the reservoir tank; located near Swayambhu Stupa. Each 

pump has been designed with the discharge capacity of 190lps. The proposed RCC sump (circular 

shape) of 400 m3 capacity near Muslim Graveyard and RCC reservoir (circular shape) of 200 m3 

capacity and at Swayambhu stupa. 

 

5.29 Guard House 

Guard House shall be constructed for the reservoir tank area along with the construction of 

inspection chamber of toilet, septic tank and soak pit. 

 

5.30 Surface Drain 

Tick type concrete surface drain will be constructed both sides for the roads having width more 

than 7 m while for the roads having width from 4 to 7 m drain will be constructed only single 

side. However, there is no provision of such type of drain for roads with width less than 4 m. 

Similarly, brick masonry wall shall be constructed at the back of tick drain. 

Catch pit shall also be constructed for every 100 m of the drain in a staggered manner. 
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the geography considered 1500 Households (average) for defining DMA’s. 

 

 

5.31 Design Approach  

Fig 5.1 DNI Design – Model Building 

gg 
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Fig 5.2 DNI Design – Model Optimization 
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Fig 5.3 Demonstration of DNI’s Model Development 
 

 
 

Fig 5.4 Base Map 
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Fig 5.5 Pipes & Nodes 
 

 

 
Fig 5.6 Thiesson Polygon to Allocate Demand 
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Fig 5.7 DEM – Data Elevation Model – All Zones 
 

Fig 5.8 Typical DEM – Data Elevation Model – A-1.8 (DNI-A) 
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Fig 5.9 EPANET Model of Zone A-1.8 (DNI-A) 
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5.32 Design of District Meter Area (DMA) 
 

 

 DMA Design 

o Supply via single main (preferable) or multiple feeds 

o Isolate area with adjacent DMA‟s (i.e., no flow into adjacent DMAs). 

o Cascade into an adjacent DMA (to be avoided if at all possible) 

o Minimum variation in ground level across the DMA 

o 500-1500 households. 

 Monitor/locate/Control leakage 

 Manage pressure 

 Minimize utilities inside DMA 
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o Pump 

o Water Tank 

o Isolated valves, PRVs 

5.33 Reticulation Pipes 

 

Two DI pipes are purposed in 

roads with 7m width or above 

since most DMA zones are 

divided by large roads. 

We have minimized two DI 

pipes lying where DMA zones 

are not overlapping, but it‟s 

based on consideration of fire 

hydrants and other facilities. 

 

One DI pipe is purposed in 

roads with 4~7m width, but for 

unavoidable DMA zone 

overlapping, two DI pipes are 

purposed. 

 

For narrow roads below 4m 

width will have DI pipe only 

when it‟s necessary for stable 

pressure control. 

 

Where DI pipe is not necessary 

for pressure control, HDPE pipe 

is purposed as tertiary main for 

house connections. 



41 

 

 

 

 

 

To avoid many households, connect directly to the DI pipe, the HDPE reticulation 

pipes are used to layout parallel with the DI pipes. 

The objectives of adding the HDPE 75mm, 90mm or 110mm reticulation pipes are: 

 Reduce number of household connection to the DI pipe 

 Convert the DI pipe into the transmission pipe 

 The additional reticulation pipe will become the distribution pipe and easily for 

household connection. 

The sizing of Isolation valve, Air Valve, Washout Valve & Fire Hydrants is specified in the 

below Table: 5.1 

Table 5.1: Sizing of Valves 
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Proposed Distribution Network Improvement 
 

6.1 General 

 
This report presents the detail design of distribution network of new 7B DNI area. Where DNI-

7B area comprises of five DNI Zones namely DNI- A(A1.8), DNI-B(A1.9), DNI–C(A1.5), 

DNI–F(A1.4) & DNI-K(A9.1). 

 
The hydraulic design of water distribution network has been done in following stages. 

 Demarcating the pressure zones or supply zones. 

 Sizing of Distribution lines. 
 

Hence, considering the topography of Kathmandu Metro Area and Kathmandu North-east 

Region, the zonal plan for DNI 7B & 7C is done based on contours and pressure points helping in 

operating the system with defined pressures and ease of regulated supply. The capacities of 

reservoirs to cater to intermediate requirement are ensured in all zones. 

 

6.2 Proposed DNI Zones under 7B DNI area 

 
6.2.1 DNI Zone - A (A 1.8), B (A 1.9), C (A 1.5) & DNI-F (A 1.4) 

 
These DNI Zones mainly comprises of the western area (from Kanti Path to Ring Road) which 

includes the older settlements of KMC. It covers complete area of Ward Number 15 & 16. The 

area of this zone would be served by Balaju Reservoir (DNI -A & DNI-F by gravity and DNI- B 

& C by Pumping). 

 

6.2.2 DNI Zone - K (A 9.1) 

 
This DNI Zone mainly comprises of southern area of Chhauni and Tahachaal, Bafal, Himalayan 

Height and Kalimati. It covers complete area of Ward Number 13. The area of this zone would be 

served by gravity from Kirtipur Reservoir. 

6 
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6.3 The Hydraulic Design of each DNI Zone have been described below: 

 
6.3.1 Design of DNI Zone - A (A 1.8) 

 
The DNI-A model has been designed and the model features are prepared accordingly. DNI-A 

has been designed using the inner diameter (66.8mm, 80.4mm and 98.6mm) for HDPE PE100-

PN10 pipes and the diameters (150mm, 200mm, 300mm, 400mm, 800mm, 900mm & 1000mm) 

for DI pipes. After optimizing the pipe diameters for HDPE & DI pipes, all 419 demand nodes have 

pressure head between 20m and 40m. The demarcation of DNI-A Boundary shown in Figure 6.1 

and DNI-A Design Model at Peak Demand (7.00) is shown in Figure 6.2 

The details of DNI-A/Pipe material & length/Bulk Meter, Isolation Valves, PRVs/PRVs with Set 

pressure/Location of Air Valve, Washout Valve & Fire hydrants are shown in the Tables 

6.1/6.2/6.3/6.4/6.5 respectively. 
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Figure 6.1: Demarcation of DNI-A Boundary 
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Table 6.1: Design of DNI Zone - A 
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Table 6.2: Details of Pipe material and length 

 

 
Table 6.3: Details of Bulk Meter/Isolation Valve/PRV’s 

LOCATION OF BM/IV/PRV FOR DNI_A 

DNI DMA 

# Bulk 

Meter 

Size of 

BM 

# Isolation 

Valve Size of IV # PRV 

Size of 

PRV 

From_J

unc 

To_Jun

c 

A 1 1 250 3 250 1 250 83 23 

A 2 1 150 3 150 1 150 46 40 

A 3 1 150 3 150 1 150 54 41 

A 3 1 150 3 150     83 47 

A mainline 1 400 3 400 0 0 54 41 

 

 
Table 6.4: Details of PRV’s with Set Pressure 

DNI DMA # PRV Size of PRV 

Set pressure 

(m) From_Junc To_Junc 

A 1 1 250 22 83 23 

A 2 1 150 40 46 40 

A 3 1 150 40 54 41 
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Table 6.5: Details of location of Air Valve/Washout Valve/Fire Hydrant 

 

 



48 

 

 

 

 

 

Figure 6.2: Sub-Zone DNI-A Design Model at Peak Demand (7.00) 
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Table 6.6.Details of Pipe Design for DNI A (at peak time 7.00) 

Link ID Length Diameter Roughness Material Flow Velocity 
Unit 

Headloss 

Friction 

Factor 

  m mm 
  

LPS m/s m/km                  

Pipe A003_A002           148.47 150 110   -5.6 0.32 1.23 0.036 

Pipe A003_A004           79.38 150 110 DI 7.58 0.43 2.16 0.035 

Pipe A004_A005           47.57 150 110 DI 7.58 0.43 2.16 0.035 

Pipe A005_A006           62.54 150 110 DI 7.58 0.43 2.16 0.035 

Pipe A006_A007           46.23 150 110 DI 7.58 0.43 2.16 0.035 

Pipe A008_A007           82.58 150 110 DI -2.31 0.13 0.24 0.041 

Pipe A009_A008           63.11 150 110 DI -0.99 0.06 0.05 0.046 

Pipe A009_A010           56.57 150 110 DI 0.99 0.06 0.05 0.047 

Pipe A010_A011           115.78 150 110 DI 0.99 0.06 0.05 0.047 

Pipe A010_A024           63.71 62.2 130 

HDPE-

PE 100 

PN10 0.02 0.01 0 0.048 

Pipe A011_A012           56.45 150 110 DI 0.99 0.06 0.05 0.047 

Pipe A011_A017           72.31 64.2 130 

HDPE-

PE 100 

PN10 0.09 0.03 0.02 0.044 

Pipe A013_A012           93.92 150 110 DI -0.99 0.06 0.05 0.046 

Pipe A013_A014           41.03 150 110 DI 0.99 0.06 0.05 0.047 

Pipe A013_A017           100.7 62.2 130 

HDPE-

PE 100 

PN10 -0.16 0.05 0.09 0.04 

Pipe A014_A020           138.14 150 110 DI 0.99 0.06 0.05 0.046 

Pipe A016_A019           44.91719 62.2 130 

HDPE-

PE 100 

PN10 -1.14 0.38 3.47 0.03 

Pipe A017_A016           0.993031 62.2 130 

HDPE-

PE 100 

PN10 -0.34 0.11 0.45 0.043 

Pipe A018_A016           16.74543 64.2 130 

HDPE-

PE 100 

PN10 -0.58 0.18 0.84 0.033 

Pipe A019_A023           39.64331 62.2 130 

HDPE-

PE 100 

PN10 -1.15 0.38 3.53 0.03 

Pipe A020_A019           77.35 64.2 130 

HDPE-

PE 100 

PN10 0.45 0.14 0.53 0.034 

Pipe A020_A021           21.41 150 110 DI 0.99 0.06 0.06 0.052 

Pipe A022_A021           7.854126 150 110 DI -0.99 0.06 0.04 0.035 

Pipe A023_A024           3.357573 62.2 130 

HDPE-

PE 100 

PN10 -0.96 0.32 2.53 0.031 

Pipe A024_A025           56.06628 62.2 130 

HDPE-

PE 100 

PN10 -1.25 0.41 4.07 0.03 

Pipe A025_A009           51.35 62.2 130 
HDPE-

PE 100 -1.07 0.35 3.07 0.03 
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PN10 

Pipe A026_A025           38.25092 62.2 130 

HDPE-

PE 100 

PN10 0.67 0.22 1.29 0.032 

Pipe A026_A027           41.64955 64.2 130 

HDPE-

PE 100 

PN10 0.96 0.3 2.17 0.031 

Pipe A028_A008           50.08 62.2 130 

HDPE-

PE 100 

PN10 -3.38 1.11 25.83 0.025 

Pipe A028_A026           16.68822 62.2 130 

HDPE-

PE 100 

PN10 1.87 0.61 8.6 0.028 

Pipe A029_A028           11.25 62.2 130 

HDPE-

PE 100 

PN10 -1.38 0.46 4.93 0.029 

Pipe A029_A030           42.84 64.2 130 

HDPE-

PE 100 

PN10 0.46 0.14 0.54 0.034 

Pipe A029_A037           101.47 62.2 130 

HDPE-

PE 100 

PN10 1.21 0.4 3.85 0.03 

Pipe A031_A022           139.26 150 110 DI -0.47 0.03 0.01 0.053 

Pipe A032_A031           20.58 62.2 130 

HDPE-

PE 100 

PN10 -3.82 1.26 32.33 0.025 

Pipe A032_A033           45.21076 64.2 130 

HDPE-

PE 100 

PN10 0.58 0.18 0.85 0.033 

Pipe A034_A032           31.50226 62.2 130 

HDPE-

PE 100 

PN10 -2.91 0.96 19.6 0.026 

Pipe A034_A035           39.83801 64.2 130 

HDPE-

PE 100 

PN10 0.98 0.3 2.23 0.031 

Pipe A036_A034           76.40337 62.2 130 

HDPE-

PE 100 

PN10 -1.37 0.45 4.84 0.029 

Pipe A036_A172           25.18429 62.2 130 

HDPE-

PE 100 

PN10 0.31 0.1 0.3 0.036 

Pipe A037_A038           6.59957 62.2 130 

HDPE-

PE 100 

PN10 1.14 0.38 3.47 0.03 

Pipe A037_A045           62.42937 64.2 130 

HDPE-

PE 100 

PN10 0.14 0.04 0.06 0.042 

Pipe A038_A036           105.7047 62.2 130 

HDPE-

PE 100 

PN10 -0.5 0.16 0.74 0.034 

Pipe A038_A039           49.67734 62.2 130 

HDPE-

PE 100 

PN10 1.06 0.35 3 0.03 

Pipe A039_A040           20.84981 64.2 130 

HDPE-

PE 100 

PN10 0.36 0.11 0.34 0.036 
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Pipe A039_A041           31.44541 64.2 130 

HDPE-

PE 100 

PN10 0.52 0.16 0.68 0.034 

Pipe A041_A042           32.59834 64.2 130 

HDPE-

PE 100 

PN10 0.19 0.06 0.11 0.04 

Pipe A041_A043           21.62529 64.2 130 

HDPE-

PE 100 

PN10 0.22 0.07 0.14 0.039 

Pipe A043_A044           33.55719 64.2 130 

HDPE-

PE 100 

PN10 0.12 0.04 0.05 0.043 

Pipe A046_A037           23.42847 62.2 130 

HDPE-

PE 100 

PN10 0.22 0.07 0.17 0.038 

Pipe A046_A047           20.56 64.2 130 

HDPE-

PE 100 

PN10 0.25 0.08 0.18 0.037 

Pipe A048_A046           24.04131 62.2 130 

HDPE-

PE 100 

PN10 0.37 0.12 0.43 0.035 

Pipe A048_A049           54.43 64.2 130 

HDPE-

PE 100 

PN10 0.41 0.13 0.45 0.035 

Pipe A050_A007           120.53 62.2 130 

HDPE-

PE 100 

PN10 -1.81 0.6 8.13 0.028 

Pipe A050_A048           19.12297 62.2 130 

HDPE-

PE 100 

PN10 0.55 0.18 0.9 0.033 

Pipe A051_A050           8.445273 62.2 130 

HDPE-

PE 100 

PN10 0.67 0.22 1.29 0.032 

Pipe A052_A051           33.75 62.2 130 

HDPE-

PE 100 

PN10 -1.1 0.36 3.22 0.03 

Pipe A052_A053           49.89439 64.2 130 

HDPE-

PE 100 

PN10 0.42 0.13 0.48 0.035 

Pipe A054_A052           14.72998 62.2 130 

HDPE-

PE 100 

PN10 -0.49 0.16 0.73 0.034 

Pipe A054_A055           11.01668 64.2 130 

HDPE-

PE 100 

PN10 0.08 0.02 0.03 0.056 

Pipe A054_A135           61.78 62.2 130 

HDPE-

PE 100 

PN10 -0.16 0.05 0.09 0.04 

Pipe A056_A054           9.148506 62.2 130 

HDPE-

PE 100 

PN10 -0.51 0.17 0.76 0.033 

Pipe A056_A057           13.33055 64.2 130 

HDPE-

PE 100 

PN10 0.12 0.04 0.06 0.05 

Pipe A058_A056           9.705373 62.2 130 

HDPE-

PE 100 

PN10 -0.34 0.11 0.37 0.036 
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Pipe A058_A059           84.31807 62.2 130 

HDPE-

PE 100 

PN10 -1.39 0.46 4.98 0.029 

Pipe A059_A005           28.77 62.2 130 

HDPE-

PE 100 

PN10 -0.92 0.3 2.33 0.031 

Pipe A059_A060           34.60726 64.2 130 

HDPE-

PE 100 

PN10 -0.78 0.24 1.45 0.032 

Pipe A060_A006           38.35 62.2 130 

HDPE-

PE 100 

PN10 -1.19 0.39 3.76 0.03 

Pipe A060_A061           19.76105 64.2 130 

HDPE-

PE 100 

PN10 0.24 0.07 0.16 0.037 

Pipe A062_A058           6.348429 62.2 130 

HDPE-

PE 100 

PN10 -1.69 0.55 7.13 0.028 

Pipe A062_A063           51.25276 64.2 130 

HDPE-

PE 100 

PN10 0.31 0.1 0.26 0.036 

Pipe A064_A062           13.64884 62.2 130 

HDPE-

PE 100 

PN10 -1.3 0.43 4.43 0.029 

Pipe A064_A065           77.79194 64.2 130 

HDPE-

PE 100 

PN10 0.27 0.08 0.2 0.037 

Pipe A066_A064           12.5036 62.2 130 

HDPE-

PE 100 

PN10 -0.94 0.31 2.4 0.031 

Pipe A066_A067           11.12264 64.2 130 

HDPE-

PE 100 

PN10 0.09 0.03 0.03 0.043 

Pipe A068_A066           11.66183 62.2 130 

HDPE-

PE 100 

PN10 -0.73 0.24 1.53 0.032 

Pipe A068_A069           16.00341 64.2 130 

HDPE-

PE 100 

PN10 0.37 0.12 0.37 0.035 

Pipe A070_A004           113.89 62.2 130 

HDPE-

PE 100 

PN10 -1.51 0.5 5.79 0.029 

Pipe A070_A068           66.52938 62.2 130 

HDPE-

PE 100 

PN10 -0.13 0.04 0.06 0.04 

Pipe A070_A071           4.823156 62.2 130 

HDPE-

PE 100 

PN10 1.24 0.41 4.07 0.03 

Pipe A071_A072           18.37758 62.2 130 

HDPE-

PE 100 

PN10 0.55 0.18 0.88 0.033 

Pipe A071_A132           37.5912 62.2 130 

HDPE-

PE 100 

PN10 0.56 0.18 0.91 0.033 

Pipe A072_A073           49.8187 62.2 130 

HDPE-

PE 100 

PN10 0.73 0.24 1.5 0.032 
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Pipe A072_A078           71.8326 62.2 130 

HDPE-

PE 100 

PN10 -0.71 0.24 1.45 0.032 

Pipe A073_A074           15.30429 64.2 130 

HDPE-

PE 100 

PN10 0.19 0.06 0.11 0.039 

Pipe A073_A075           9.109063 64.2 130 

HDPE-

PE 100 

PN10 0.45 0.14 0.52 0.034 

Pipe A075_A076           11.48791 64.2 130 

HDPE-

PE 100 

PN10 0.15 0.05 0.06 0.038 

Pipe A075_A077           9.305356 64.2 130 

HDPE-

PE 100 

PN10 0.25 0.08 0.18 0.037 

Pipe A078_A003           112.68 62.2 130 

HDPE-

PE 100 

PN10 -2.52 0.83 15.02 0.027 

Pipe A078_A079           27.64192 62.2 130 

HDPE-

PE 100 

PN10 0.9 0.3 2.23 0.031 

Pipe A080_A079           19.17 62.2 130 

HDPE-

PE 100 

PN10 -1.8 0.59 8 0.028 

Pipe A080_A081           125.7383 62.2 130 

HDPE-

PE 100 

PN10 0.52 0.17 0.81 0.034 

Pipe A080_A105           58.69116 62.2 130 

HDPE-

PE 100 

PN10 0.96 0.32 2.52 0.031 

Pipe A081_A082           22.03077 64.2 130 

HDPE-

PE 100 

PN10 0.47 0.15 0.57 0.034 

Pipe A083_A081           18.43361 62.2 130 

HDPE-

PE 100 

PN10 0.59 0.2 1.03 0.033 

Pipe A083_A085           63.50375 64.2 130 

HDPE-

PE 100 

PN10 1.4 0.43 4.33 0.029 

Pipe A084_A083           1.517219 62.2 130 

HDPE-

PE 100 

PN10 2.06 0.68 10.3 0.027 

Pipe A085_A086           51.09277 64.2 130 

HDPE-

PE 100 

PN10 0.43 0.13 0.49 0.035 

Pipe A085_A087           55.17342 64.2 130 

HDPE-

PE 100 

PN10 0.38 0.12 0.38 0.035 

Pipe A088_A001           28.92 150 110 DI 5.6 0.32 1.23 0.036 

Pipe A088_A084           125.56 62.2 130 

HDPE-

PE 100 

PN10 1.53 0.5 5.93 0.029 

Pipe A088_A089           165.32 150 110 DI 

-

10.14 0.57 3.7 0.033 

Pipe A089_A091           25.16 150 110 DI 

-

10.14 0.57 3.7 0.033 
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Pipe A090_A089           13.3 62.2 130 

HDPE-

PE 100 

PN10 -1 0.33 2.72 0.03 

Pipe A090_A091           31.88 62.2 130 

HDPE-

PE 100 

PN10 -0.64 0.21 1.19 0.033 

Pipe A091_A232           61.54 150 110 DI 

-

10.14 0.57 3.7 0.033 

Pipe A092_A090           10.91144 62.2 130 

HDPE-

PE 100 

PN10 -1.57 0.52 6.26 0.029 

Pipe A092_A093           72.47341 64.2 130 

HDPE-

PE 100 

PN10 0.38 0.12 0.39 0.035 

Pipe A094_A092           12.22125 62.2 130 

HDPE-

PE 100 

PN10 -1.1 0.36 3.23 0.03 

Pipe A094_A229           116.31 62.2 130 

HDPE-

PE 100 

PN10 -1.28 0.42 4.3 0.029 

Pipe A095_A094           3.863164 62.2 130 

HDPE-

PE 100 

PN10 -2.31 0.76 12.71 0.027 

Pipe A095_A096           41.31588 64.2 130 

HDPE-

PE 100 

PN10 0.24 0.07 0.17 0.038 

Pipe A097_A095           29.78441 62.2 130 

HDPE-

PE 100 

PN10 -1.91 0.63 8.93 0.028 

Pipe A097_A400           65.66911 64.2 130 

HDPE-

PE 100 

PN10 0.63 0.19 0.98 0.033 

Pipe A099_A097           2.709848 62.2 130 

HDPE-

PE 100 

PN10 -1.13 0.37 3.41 0.03 

Pipe A099_A100           52.98969 64.2 130 

HDPE-

PE 100 

PN10 0.28 0.09 0.22 0.037 

Pipe A101_A099           14.01129 62.2 130 

HDPE-

PE 100 

PN10 -0.77 0.25 1.68 0.032 

Pipe A101_A102           35.0444 64.2 130 

HDPE-

PE 100 

PN10 0.14 0.04 0.06 0.04 

Pipe A103_A101           20.62981 62.2 130 

HDPE-

PE 100 

PN10 -0.46 0.15 0.65 0.034 

Pipe A103_A104           39.78412 64.2 130 

HDPE-

PE 100 

PN10 0.24 0.08 0.17 0.038 

Pipe A105_A103           29.20389 62.2 130 

HDPE-

PE 100 

PN10 0.07 0.02 0.02 0.042 

Pipe A105_A405           49.28619 64.2 130 

HDPE-

PE 100 

PN10 0.56 0.17 0.79 0.033 
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Pipe A107_A079           63.12386 62.2 130 

HDPE-

PE 100 

PN10 -0.61 0.2 1.09 0.033 

Pipe A107_A108           39.26 64.2 130 

HDPE-

PE 100 

PN10 0.4 0.12 0.43 0.035 

Pipe A109_A107           27.83711 62.2 130 

HDPE-

PE 100 

PN10 -0.3 0.1 0.28 0.036 

Pipe A109_A110           53.9031 62.2 130 

HDPE-

PE 100 

PN10 2.44 0.8 14.13 0.027 

Pipe A110_A111           51.249 64.2 130 

HDPE-

PE 100 

PN10 0.35 0.11 0.34 0.036 

Pipe A110_A112           8.474371 62.2 130 

HDPE-

PE 100 

PN10 1.79 0.59 7.96 0.028 

Pipe A112_A113           45.66743 64.2 130 

HDPE-

PE 100 

PN10 0.66 0.2 1.09 0.033 

Pipe A112_A114           19.64576 62.2 130 

HDPE-

PE 100 

PN10 1.02 0.33 2.8 0.03 

Pipe A114_A115           118.4581 64.2 130 

HDPE-

PE 100 

PN10 1.08 0.33 2.69 0.03 

Pipe A114_A116           27.75503 62.2 130 

HDPE-

PE 100 

PN10 -0.23 0.08 0.18 0.038 

Pipe A116_A117           26.48569 62.2 130 

HDPE-

PE 100 

PN10 -0.96 0.32 2.52 0.031 

Pipe A117_A118           30.37446 64.2 130 

HDPE-

PE 100 

PN10 0.27 0.08 0.2 0.037 

Pipe A117_A119           30.98663 62.2 130 

HDPE-

PE 100 

PN10 -1.45 0.48 5.4 0.029 

Pipe A119_A120           55.19281 64.2 130 

HDPE-

PE 100 

PN10 0.34 0.1 0.31 0.036 

Pipe A119_A121           44.78189 62.2 130 

HDPE-

PE 100 

PN10 -2.33 0.77 12.98 0.027 

Pipe A121_A122           9.723108 62.2 130 

HDPE-

PE 100 

PN10 -1.12 0.37 3.34 0.03 

Pipe A122_A123           74.93792 64.2 130 

HDPE-

PE 100 

PN10 -0.24 0.07 0.16 0.038 

Pipe A122_A149           12.36389 62.2 130 

HDPE-

PE 100 

PN10 -1.07 0.35 3.06 0.03 

Pipe A123_A124           23.83258 64.2 130 

HDPE-

PE 100 

PN10 0.21 0.06 0.12 0.038 
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Pipe A123_A125           37.32 62.2 130 

HDPE-

PE 100 

PN10 -0.63 0.21 1.15 0.033 

Pipe A125_A126           35.99 62.2 130 

HDPE-

PE 100 

PN10 2.35 0.77 13.19 0.027 

Pipe A126_A137           41.57518 62.2 130 

HDPE-

PE 100 

PN10 0.59 0.19 1.03 0.033 

Pipe A127_A126           17.30746 62.2 130 

HDPE-

PE 100 

PN10 -1.57 0.52 6.28 0.029 

Pipe A127_A128           32.59687 64.2 130 

HDPE-

PE 100 

PN10 0.08 0.03 0.02 0.043 

Pipe A129_A127           9.921231 62.2 130 

HDPE-

PE 100 

PN10 -1.39 0.46 5.01 0.029 

Pipe A129_A130           86.36 62.2 130 

HDPE-

PE 100 

PN10 0.5 0.16 0.75 0.034 

Pipe A130_A131           8.875761 64.2 130 

HDPE-

PE 100 

PN10 0.26 0.08 0.18 0.037 

Pipe A132_A130           68.86365 62.2 130 

HDPE-

PE 100 

PN10 0.05 0.02 0.01 0.055 

Pipe A132_A133           22.22803 64.2 130 

HDPE-

PE 100 

PN10 0.2 0.06 0.12 0.04 

Pipe A134_A129           52.12501 62.2 130 

HDPE-

PE 100 

PN10 -1.23 0.41 3.99 0.03 

Pipe A134_A135           4.442566 62.2 130 

HDPE-

PE 100 

PN10 0.92 0.3 2.31 0.031 

Pipe A134_A136           41.40345 64.2 130 

HDPE-

PE 100 

PN10 0.15 0.05 0.07 0.041 

Pipe A135_A051           27.29118 62.2 130 

HDPE-

PE 100 

PN10 0.79 0.26 1.75 0.032 

Pipe A137_A138           8.967432 64.2 130 

HDPE-

PE 100 

PN10 0.03 0.01 0 0 

Pipe A137_A139           31.88914 62.2 130 

HDPE-

PE 100 

PN10 0.41 0.13 0.52 0.035 

Pipe A140_A139           32.25801 64.2 130 

HDPE-

PE 100 

PN10 -0.27 0.08 0.2 0.037 

Pipe A141_A139           30.21214 64.2 130 

HDPE-

PE 100 

PN10 -0.12 0.04 0.04 0.042 

Pipe A142_A125           11.13705 62.2 130 

HDPE-

PE 100 

PN10 2.5 0.82 14.77 0.027 
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Pipe A142_A147           73.24627 62.2 130 

HDPE-

PE 100 

PN10 -1.71 0.56 7.32 0.028 

Pipe A143_A142           56.30178 62.2 130 

HDPE-

PE 100 

PN10 1.11 0.36 3.27 0.03 

Pipe A144_A143           24.12061 62.2 130 

HDPE-

PE 100 

PN10 3.09 1.02 21.9 0.026 

Pipe A144_A145           38.2694 64.2 130 

HDPE-

PE 100 

PN10 0.21 0.07 0.13 0.039 

Pipe A144_A146           2.742274 62.2 130 

HDPE-

PE 100 

PN10 -3.38 1.11 25.89 0.025 

Pipe A146_A147           25.56788 62.2 130 

HDPE-

PE 100 

PN10 1.99 0.65 9.66 0.028 

Pipe A146_A154           17.6176 62.2 130 

HDPE-

PE 100 

PN10 -5.42 1.78 61.95 0.024 

Pipe A147_A148           50.61 64.2 130 

HDPE-

PE 100 

PN10 0.26 0.08 0.2 0.038 

Pipe A149_A147           58.79 64.2 130 

HDPE-

PE 100 

PN10 -0.36 0.11 0.34 0.036 

Pipe A149_A150           71.28 62.2 130 

HDPE-

PE 100 

PN10 -0.92 0.3 2.31 0.031 

Pipe A152_A151           20.77207 62.2 130 

HDPE-

PE 100 

PN10 -0.47 0.15 0.66 0.034 

Pipe A152_A153           36.32022 64.2 130 

HDPE-

PE 100 

PN10 0.21 0.07 0.13 0.038 

Pipe A154_A151           61.00858 62.2 130 

HDPE-

PE 100 

PN10 0.53 0.18 0.85 0.033 

Pipe A155_A154           35.13992 62.2 130 

HDPE-

PE 100 

PN10 -3.14 1.03 22.57 0.026 

Pipe A155_A156           31.24187 64.2 130 

HDPE-

PE 100 

PN10 0.18 0.05 0.1 0.041 

Pipe A157_A155           20.15666 62.2 130 

HDPE-

PE 100 

PN10 -2.83 0.93 18.64 0.026 

Pipe A158_A157           64.60505 62.2 130 

HDPE-

PE 100 

PN10 -2.22 0.73 11.88 0.027 

Pipe A158_A159           20.89848 64.2 130 

HDPE-

PE 100 

PN10 0.23 0.07 0.16 0.038 

Pipe A160_A157           13.37995 62.2 130 

HDPE-

PE 100 

PN10 -0.51 0.17 0.79 0.034 
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Pipe A160_A161           41.2603 64.2 130 

HDPE-

PE 100 

PN10 0.45 0.14 0.53 0.034 

Pipe A162_A158           68.79829 62.2 130 

HDPE-

PE 100 

PN10 -1.65 0.54 6.84 0.028 

Pipe A162_A174           34.87821 62.2 130 

HDPE-

PE 100 

PN10 0.16 0.05 0.09 0.042 

Pipe A163_A162           25.38956 62.2 130 

HDPE-

PE 100 

PN10 -1.2 0.39 3.77 0.03 

Pipe A163_A164           23.61425 64.2 130 

HDPE-

PE 100 

PN10 0.27 0.08 0.2 0.037 

Pipe A165_A143           141.1815 64.2 130 

HDPE-

PE 100 

PN10 -1.67 0.51 5.98 0.028 

Pipe A165_A163           19.96762 62.2 130 

HDPE-

PE 100 

PN10 -0.75 0.25 1.58 0.032 

Pipe A166_A165           26.67836 62.2 130 

HDPE-

PE 100 

PN10 -2.18 0.72 11.5 0.027 

Pipe A167_A166           73.33607 64.2 130 

HDPE-

PE 100 

PN10 -0.39 0.12 0.41 0.035 

Pipe A168_A166           4.976568 62.2 130 

HDPE-

PE 100 

PN10 -1.64 0.54 6.79 0.028 

Pipe A168_A169           45.25448 64.2 130 

HDPE-

PE 100 

PN10 0.69 0.21 1.16 0.032 

Pipe A170_A168           32.02844 62.2 130 

HDPE-

PE 100 

PN10 -0.78 0.26 1.71 0.032 

Pipe A170_A171           35.11571 64.2 130 

HDPE-

PE 100 

PN10 0.38 0.12 0.39 0.035 

Pipe A172_A170           19.34921 62.2 130 

HDPE-

PE 100 

PN10 -0.2 0.07 0.13 0.037 

Pipe A172_A173           61.33134 64.2 130 

HDPE-

PE 100 

PN10 0.29 0.09 0.24 0.037 

Pipe A174_A178           109.5562 62.2 130 

HDPE-

PE 100 

PN10 1.37 0.45 4.87 0.029 

Pipe A175_A174           73.80019 62.2 130 

HDPE-

PE 100 

PN10 2.15 0.71 11.21 0.027 

Pipe A176_A175           24.75346 64.2 130 

HDPE-

PE 100 

PN10 -0.51 0.16 0.66 0.034 

Pipe A177_A031           190.53 150 110 DI 5.14 0.29 1.05 0.037 

Pipe A177_A175           21.31 62.2 130 HDPE- 3.25 1.07 24.04 0.026 
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PE 100 

PN10 

Pipe A178_A179           15.69755 64.2 130 

HDPE-

PE 100 

PN10 0.67 0.21 1.11 0.032 

Pipe A178_A180           21.84499 64.2 130 

HDPE-

PE 100 

PN10 0.41 0.13 0.44 0.035 

Pipe A181_A177           169.5209 150 110 DI 10.02 0.57 3.62 0.033 

Pipe A181_A190           31.48 150 110 DI 

-

10.02 0.57 3.62 0.033 

Pipe A182_A181           16.32 64.2 130 

HDPE-

PE 100 

PN10 -0.74 0.23 1.31 0.032 

Pipe A182_A183           17.80607 64.2 130 

HDPE-

PE 100 

PN10 0.79 0.24 1.49 0.032 

Pipe A182_A415           89.0139 64.2 130 

HDPE-

PE 100 

PN10 -0.28 0.09 0.22 0.037 

Pipe A184_A185           45.36446 64.2 130 

HDPE-

PE 100 

PN10 0.51 0.16 0.66 0.034 

Pipe A184_A186           9.157096 62.2 130 

HDPE-

PE 100 

PN10 -1.38 0.45 4.89 0.029 

Pipe A186_A160           77.89384 64.2 130 

HDPE-

PE 100 

PN10 0.19 0.06 0.1 0.039 

Pipe A187_A186           7.296628 64.2 130 

HDPE-

PE 100 

PN10 1.77 0.55 6.73 0.028 

Pipe A187_A188           29.78369 64.2 130 

HDPE-

PE 100 

PN10 0.51 0.16 0.66 0.034 

Pipe A189_A187           13.20611 62.2 130 

HDPE-

PE 100 

PN10 2.31 0.76 12.8 0.027 

Pipe A189_A195           104.772 64.2 130 

HDPE-

PE 100 

PN10 -2.02 0.62 8.52 0.028 

Pipe A430_A319           86.9 62.2 130 

HDPE-

PE 100 

PN10 0.07 0.02 0.02 0.043 

Pipe A190_A191           126.58 62.2 130 

HDPE-

PE 100 

PN10 -0.62 0.21 1.13 0.033 

Pipe A191_A192           38.26973 64.2 130 

HDPE-

PE 100 

PN10 0.34 0.1 0.31 0.036 

Pipe A191_A193           71.2 62.2 130 

HDPE-

PE 100 

PN10 -1.39 0.46 4.95 0.029 

Pipe A193_A189           103.1457 64.2 130 

HDPE-

PE 100 

PN10 0.63 0.19 0.98 0.033 
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Pipe A193_A194           116.51 62.2 130 

HDPE-

PE 100 

PN10 -2.43 0.8 14.06 0.027 

Pipe A195_A194           57.25 62.2 130 

HDPE-

PE 100 

PN10 -2.5 0.82 14.8 0.027 

Pipe A196_A195           35.51783 62.2 130 

HDPE-

PE 100 

PN10 0.13 0.04 0.07 0.042 

Pipe A196_A197           38.29879 64.2 130 

HDPE-

PE 100 

PN10 -0.65 0.2 1.05 0.033 

Pipe A197_A198           1.448801 62.2 130 

HDPE-

PE 100 

PN10 -1.28 0.42 4.21 0.029 

Pipe A198_A199           20.96969 64.2 130 

HDPE-

PE 100 

PN10 0.35 0.11 0.33 0.035 

Pipe A198_A200           88.17437 62.2 130 

HDPE-

PE 100 

PN10 -1.82 0.6 8.2 0.028 

Pipe A200_A194           72.67 62.2 130 

HDPE-

PE 100 

PN10 -0.6 0.2 1.04 0.033 

Pipe A200_A221           61.82441 62.2 130 

HDPE-

PE 100 

PN10 -1.64 0.54 6.75 0.028 

Pipe A201_A197           47.36287 62.2 130 

HDPE-

PE 100 

PN10 -0.51 0.17 0.79 0.034 

Pipe A201_A202           30.20363 64.2 130 

HDPE-

PE 100 

PN10 0.34 0.1 0.32 0.036 

Pipe A202_A152           53.10687 62.2 130 

HDPE-

PE 100 

PN10 0.04 0.01 0.01 0.045 

Pipe A202_A196           68.50006 62.2 130 

HDPE-

PE 100 

PN10 -0.17 0.05 0.1 0.04 

Pipe A203_A201           60.42498 62.2 130 

HDPE-

PE 100 

PN10 0.17 0.06 0.1 0.04 

Pipe A203_A205           48.995 64.2 130 

HDPE-

PE 100 

PN10 0.23 0.07 0.16 0.038 

Pipe A204_A203           2.254369 62.2 130 

HDPE-

PE 100 

PN10 0.63 0.21 1.12 0.032 

Pipe A204_A210           40.93509 64.2 130 

HDPE-

PE 100 

PN10 -0.3 0.09 0.25 0.037 

Pipe A206_A204           21.67936 62.2 130 

HDPE-

PE 100 

PN10 0.42 0.14 0.54 0.035 

Pipe A206_A207           44.92974 64.2 130 

HDPE-

PE 100 

PN10 0.29 0.09 0.23 0.037 
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Pipe A208_A206           23.38508 62.2 130 

HDPE-

PE 100 

PN10 0.83 0.27 1.93 0.031 

Pipe A208_A209           34.11671 64.2 130 

HDPE-

PE 100 

PN10 0.3 0.09 0.25 0.037 

Pipe A208_A216           56.99506 62.2 130 

HDPE-

PE 100 

PN10 -1.32 0.44 4.55 0.029 

Pipe A210_A212           52.6369 62.2 130 

HDPE-

PE 100 

PN10 -1.1 0.36 3.21 0.03 

Pipe A211_A121           91.5 62.2 130 

HDPE-

PE 100 

PN10 1.53 0.5 5.98 0.029 

Pipe A211_A210           10.06866 62.2 130 

HDPE-

PE 100 

PN10 -0.5 0.16 0.74 0.033 

Pipe A212_A215           47.16811 62.2 130 

HDPE-

PE 100 

PN10 -0.98 0.32 2.59 0.031 

Pipe A213_A212           20.40363 62.2 130 

HDPE-

PE 100 

PN10 0.75 0.25 1.6 0.032 

Pipe A213_A214           10.95413 64.2 130 

HDPE-

PE 100 

PN10 0.11 0.04 0.04 0.041 

Pipe A215_A213           39.8859 64.2 130 

HDPE-

PE 100 

PN10 0.98 0.3 2.25 0.031 

Pipe A215_A216           1.273951 62.2 130 

HDPE-

PE 100 

PN10 -2.23 0.73 11.92 0.027 

Pipe A216_A217           33.7996 62.2 130 

HDPE-

PE 100 

PN10 -3.73 1.23 30.99 0.025 

Pipe A217_A218           57.41 62.2 130 

HDPE-

PE 100 

PN10 -4.21 1.39 38.78 0.025 

Pipe A217_A225           143.47 62.2 130 

HDPE-

PE 100 

PN10 0.56 0.19 0.93 0.033 

Pipe A219_A218           15.13 62.2 130 

HDPE-

PE 100 

PN10 -3.29 1.08 24.6 0.026 

Pipe A219_A220           33.36534 64.2 130 

HDPE-

PE 100 

PN10 0.27 0.08 0.2 0.037 

Pipe A221_A222           64.34214 64.2 130 

HDPE-

PE 100 

PN10 0.24 0.08 0.17 0.038 

Pipe A221_A223           74.23677 62.2 130 

HDPE-

PE 100 

PN10 -2.14 0.7 11.08 0.027 

Pipe A223_A219           67.95994 62.2 130 

HDPE-

PE 100 

PN10 -2.78 0.91 17.96 0.026 
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Pipe A223_A224           33.52073 64.2 130 

HDPE-

PE 100 

PN10 0.25 0.08 0.17 0.037 

Pipe A225_A218           93.83 62.2 130 

HDPE-

PE 100 

PN10 -2.99 0.98 20.6 0.026 

Pipe A226_A225           15.58 62.2 130 

HDPE-

PE 100 

PN10 -3.38 1.11 25.87 0.025 

Pipe A226_A227           99.33 62.2 130 

HDPE-

PE 100 

PN10 3.49 1.15 27.47 0.025 

Pipe A227_A109           74.77232 62.2 130 

HDPE-

PE 100 

PN10 2.55 0.84 15.33 0.027 

Pipe A227_A228           101.15 64.2 130 

HDPE-

PE 100 

PN10 0.44 0.14 0.51 0.035 

Pipe A229_A226           100.62 62.2 130 

HDPE-

PE 100 

PN10 -2.45 0.81 14.24 0.027 

Pipe A230_A233           66.76 64.2 130 

HDPE-

PE 100 

PN10 0.1 0.03 0.03 0.042 

Pipe A231_A116           69.22762 64.2 130 

HDPE-

PE 100 

PN10 -0.38 0.12 0.38 0.035 

Pipe A232_A229           68.11 62.2 130 

HDPE-

PE 100 

PN10 -1.09 0.36 3.19 0.03 

Pipe A233_A242           18.80351 64.2 130 

HDPE-

PE 100 

PN10 0.03 0.01 0 0 

Pipe A234_A327           187.01 62.2 130 

HDPE-

PE 100 

PN10 -0.67 0.22 1.28 0.032 

Pipe A235_A234           21.62 62.2 130 

HDPE-

PE 100 

PN10 -0.58 0.19 0.99 0.033 

Pipe A235_A236           65.74218 62.2 130 

HDPE-

PE 100 

PN10 0.52 0.17 0.81 0.034 

Pipe A235_A420           55.60535 62.2 130 

HDPE-

PE 100 

PN10 -0.15 0.05 0.08 0.04 

Pipe A236_A237           29.48465 62.2 130 

HDPE-

PE 100 

PN10 0.58 0.19 0.98 0.033 

Pipe A236_A331           53.49727 62.2 130 

HDPE-

PE 100 

PN10 -0.27 0.09 0.24 0.037 

Pipe A237_A238           75.2531 62.2 130 

HDPE-

PE 100 

PN10 -0.13 0.04 0.06 0.041 

Pipe A238_A341           28.73665 62.2 130 

HDPE-

PE 100 

PN10 0.38 0.13 0.46 0.035 
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Pipe A239_A238           82.08 62.2 130 

HDPE-

PE 100 

PN10 0.72 0.24 1.48 0.032 

Pipe A239_A343           39.36 62.2 130 

HDPE-

PE 100 

PN10 0.42 0.14 0.54 0.035 

Pipe A240_A241           33.66 64.2 130 

HDPE-

PE 100 

PN10 0.18 0.05 0.09 0.039 

Pipe A241_A242           34.95522 64.2 130 

HDPE-

PE 100 

PN10 0 0 0 0 

Pipe A241_A243           14.5001 64.2 130 

HDPE-

PE 100 

PN10 0.03 0.01 0.01 0.134 

Pipe A242_A246           15.46961 62.2 130 

HDPE-

PE 100 

PN10 -0.06 0.02 0.01 0.027 

Pipe A243_A244           7.08555 64.2 130 

HDPE-

PE 100 

PN10 0.03 0.01 0 0 

Pipe A245_A243           10.12327 64.2 130 

HDPE-

PE 100 

PN10 0.04 0.01 0.01 0.155 

Pipe A246_A245           25.04731 64.2 130 

HDPE-

PE 100 

PN10 0.05 0.02 0.01 0.027 

Pipe A246_A247           10.14622 62.2 130 

HDPE-

PE 100 

PN10 -0.18 0.06 0.12 0.039 

Pipe A247_A248           25.56226 64.2 130 

HDPE-

PE 100 

PN10 0.13 0.04 0.05 0.039 

Pipe A248_A245           12.29552 64.2 130 

HDPE-

PE 100 

PN10 0.03 0.01 0 0 

Pipe A248_A249           15.44574 64.2 130 

HDPE-

PE 100 

PN10 0.03 0.01 0.01 0.107 

Pipe A250_A247           28.99557 62.2 130 

HDPE-

PE 100 

PN10 0.4 0.13 0.5 0.035 

Pipe A251_A250           37.592 62.2 130 

HDPE-

PE 100 

PN10 0.22 0.07 0.17 0.038 

Pipe A251_A257           67.43212 64.2 130 

HDPE-

PE 100 

PN10 -0.54 0.17 0.73 0.034 

Pipe A252_A251           1.550395 62.2 130 

HDPE-

PE 100 

PN10 -0.17 0.06 0.1 0.038 

Pipe A253_A252           25.27109 64.2 130 

HDPE-

PE 100 

PN10 -0.23 0.07 0.15 0.038 

Pipe A254_A253           7.004819 64.2 130 

HDPE-

PE 100 

PN10 -0.03 0.01 0 0 
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Pipe A255_A253           16.17 64.2 130 

HDPE-

PE 100 

PN10 -0.14 0.04 0.06 0.038 

Pipe A256_A252           34.36 62.2 130 

HDPE-

PE 100 

PN10 0.15 0.05 0.08 0.04 

Pipe A257_A258           14.94 62.2 130 

HDPE-

PE 100 

PN10 -0.39 0.13 0.48 0.035 

Pipe A257_A259           25.76449 62.2 130 

HDPE-

PE 100 

PN10 -0.43 0.14 0.58 0.035 

Pipe A259_A250           94.05778 62.2 130 

HDPE-

PE 100 

PN10 0.5 0.16 0.75 0.034 

Pipe A259_A260           74.60538 62.2 130 

HDPE-

PE 100 

PN10 -1.16 0.38 3.57 0.03 

Pipe A260_A261           31.68 62.2 130 

HDPE-

PE 100 

PN10 -0.11 0.04 0.04 0.04 

Pipe A260_A264           27.50969 62.2 130 

HDPE-

PE 100 

PN10 -1.32 0.43 4.5 0.029 

Pipe A262_A263           17.78 62.2 130 

HDPE-

PE 100 

PN10 -0.75 0.25 1.57 0.032 

Pipe A263_A266           44.742 64.2 130 

HDPE-

PE 100 

PN10 -0.62 0.19 0.95 0.033 

Pipe A264_A263           20.78253 62.2 130 

HDPE-

PE 100 

PN10 0.26 0.09 0.22 0.037 

Pipe A264_A268           48.59985 62.2 130 

HDPE-

PE 100 

PN10 -1.75 0.58 7.64 0.028 

Pipe A265_A269           123.12 150 110 DI 5.73 0.32 1.28 0.036 

Pipe A266_A265           17.83 62.2 130 

HDPE-

PE 100 

PN10 0.52 0.17 0.82 0.034 

Pipe A267_A266           9.252065 62.2 130 

HDPE-

PE 100 

PN10 1.4 0.46 5.07 0.029 

Pipe A267_A272           110.3675 62.2 130 

HDPE-

PE 100 

PN10 0.37 0.12 0.44 0.035 

Pipe A268_A267           27.48784 62.2 130 

HDPE-

PE 100 

PN10 2.07 0.68 10.43 0.027 

Pipe A268_A273           77.60227 62.2 130 

HDPE-

PE 100 

PN10 1.22 0.4 3.9 0.03 

Pipe A269_A270           4.52 62.2 130 

HDPE-

PE 100 

PN10 0.71 0.23 1.45 0.032 

Pipe A269_A284           103.37 150 110 DI 5.73 0.32 1.29 0.036 
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Pipe A270_A271           35.00434 62.2 130 

HDPE-

PE 100 

PN10 0.25 0.08 0.2 0.037 

Pipe A270_A286           105.4337 62.2 130 

HDPE-

PE 100 

PN10 0.13 0.04 0.07 0.041 

Pipe A271_A297           125.7508 64.2 130 

HDPE-

PE 100 

PN10 0.2 0.06 0.12 0.039 

Pipe A272_A271           4.927602 62.2 130 

HDPE-

PE 100 

PN10 0.47 0.16 0.66 0.034 

Pipe A273_A272           62.71199 64.2 130 

HDPE-

PE 100 

PN10 0.44 0.14 0.51 0.035 

Pipe A273_A276           33.36962 62.2 130 

HDPE-

PE 100 

PN10 0.56 0.19 0.94 0.033 

Pipe A274_A271           29.95955 64.2 130 

HDPE-

PE 100 

PN10 -0.31 0.09 0.26 0.036 

Pipe A275_A274           25.90233 62.2 130 

HDPE-

PE 100 

PN10 0.08 0.03 0.02 0.04 

Pipe A275_A278           74.4379 64.2 130 

HDPE-

PE 100 

PN10 0 0 0 0 

Pipe A276_A275           26.23195 62.2 130 

HDPE-

PE 100 

PN10 0.36 0.12 0.41 0.036 

Pipe A276_A279           67.0252 62.2 130 

HDPE-

PE 100 

PN10 0.06 0.02 0.01 0.045 

Pipe A277_A274           96.99157 64.2 130 

HDPE-

PE 100 

PN10 0.03 0.01 0 0.057 

Pipe A277_A297           42.50559 64.2 130 

HDPE-

PE 100 

PN10 0.25 0.08 0.18 0.038 

Pipe A278_A277           37.68557 62.2 130 

HDPE-

PE 100 

PN10 0.05 0.02 0.01 0.037 

Pipe A279_A278           23.38501 62.2 130 

HDPE-

PE 100 

PN10 0.36 0.12 0.42 0.036 

Pipe A280_A277           24.47251 64.2 130 

HDPE-

PE 100 

PN10 0.55 0.17 0.77 0.033 

Pipe A281_A279           63.00819 62.2 130 

HDPE-

PE 100 

PN10 0.54 0.18 0.86 0.033 

Pipe A281_A280           45.60266 64.2 130 

HDPE-

PE 100 

PN10 0.63 0.2 1 0.033 

Pipe A282_A280           50.33665 64.2 130 

HDPE-

PE 100 

PN10 0.19 0.06 0.11 0.038 
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Pipe A283_A281           32.56761 62.2 130 

HDPE-

PE 100 

PN10 1.55 0.51 6.08 0.029 

Pipe A283_A282           57.87355 62.2 130 

HDPE-

PE 100 

PN10 1.25 0.41 4.11 0.03 

Pipe A284_A285           23.66 62.2 130 

HDPE-

PE 100 

PN10 2.03 0.67 10.05 0.027 

Pipe A285_A286           36.87876 62.2 130 

HDPE-

PE 100 

PN10 0.76 0.25 1.63 0.032 

Pipe A150_A151           2.38 62.2 130 

HDPE-

PE 100 

PN10 0.05 0.02 0 0 

Pipe A211_A150           46.87 62.2 130 

HDPE-

PE 100 

PN10 0.22 0.07 0.16 0.039 

Pipe A285_A287           23.17709 64.2 130 

HDPE-

PE 100 

PN10 1.03 0.32 2.43 0.03 

Pipe A286_A295           38.13401 62.2 130 

HDPE-

PE 100 

PN10 0.38 0.12 0.44 0.035 

Pipe A287_A288           36.22293 64.2 130 

HDPE-

PE 100 

PN10 0.18 0.06 0.1 0.039 

Pipe A287_A289           34.63685 64.2 130 

HDPE-

PE 100 

PN10 0.64 0.2 1.01 0.033 

Pipe A289_A290           27.87555 64.2 130 

HDPE-

PE 100 

PN10 0.44 0.13 0.5 0.034 

Pipe A289_A293           57.03306 64.2 130 

HDPE-

PE 100 

PN10 -0.01 0 0 0 

Pipe A292_A291           107.98 62.2 130 

HDPE-

PE 100 

PN10 -0.57 0.19 0.95 0.033 

Pipe A292_A301           82.72238 62.2 130 

HDPE-

PE 100 

PN10 0.02 0.01 0 0.066 

Pipe A293_A292           48.68914 62.2 130 

HDPE-

PE 100 

PN10 0.17 0.06 0.1 0.039 

Pipe A293_A294           10.59629 62.2 130 

HDPE-

PE 100 

PN10 -0.34 0.11 0.37 0.036 

Pipe A295_A294           35.01611 62.2 130 

HDPE-

PE 100 

PN10 0.3 0.1 0.29 0.037 

Pipe A296_A295           31.1967 64.2 130 

HDPE-

PE 100 

PN10 0.09 0.03 0.02 0.042 

Pipe A296_A299           55.66018 64.2 130 

HDPE-

PE 100 

PN10 0 0 0 1.988 
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Pipe A297_A296           5.024987 64.2 130 

HDPE-

PE 100 

PN10 0.23 0.07 0.18 0.044 

Pipe A298_A294           21.34465 62.2 130 

HDPE-

PE 100 

PN10 0.16 0.05 0.1 0.041 

Pipe A298_A410           30.636 62.2 130 

HDPE-

PE 100 

PN10 0.02 0.01 0 0.117 

Pipe A299_A282           35.68195 64.2 130 

HDPE-

PE 100 

PN10 -0.61 0.19 0.92 0.033 

Pipe A299_A298           30.06121 64.2 130 

HDPE-

PE 100 

PN10 0.33 0.1 0.3 0.036 

Pipe A300_A301           76.53 64.2 130 

HDPE-

PE 100 

PN10 0.13 0.04 0.06 0.042 

Pipe A301_A302           102.0365 64.2 130 

HDPE-

PE 100 

PN10 -0.31 0.1 0.27 0.036 

Pipe A303_A304           3.180005 62.2 130 

HDPE-

PE 100 

PN10 0.27 0.09 0.23 0.036 

Pipe A304_A307           29.30333 62.2 130 

HDPE-

PE 100 

PN10 -0.42 0.14 0.53 0.035 

Pipe A305_A304           83.95 62.2 130 

HDPE-

PE 100 

PN10 -0.48 0.16 0.69 0.034 

Pipe A306_A389           382.26 150 110 DI 1.41 0.08 0.09 0.044 

Pipe A306_A425           226.29 150 110 DI -3.61 0.2 0.55 0.039 

Pipe A307_A308           17.89 62.2 130 

HDPE-

PE 100 

PN10 -0.37 0.12 0.42 0.035 

Pipe A308_A305           132.32 150 110 DI -4.57 0.26 0.85 0.037 

Pipe A309_A307           37.1054 64.2 130 

HDPE-

PE 100 

PN10 0.32 0.1 0.29 0.036 

Pipe A310_A309           80.56244 64.2 130 

HDPE-

PE 100 

PN10 0.6 0.19 0.9 0.033 

Pipe A310_A311           28.82745 64.2 130 

HDPE-

PE 100 

PN10 0.31 0.09 0.26 0.036 

Pipe A312_A303           115.0188 62.2 130 

HDPE-

PE 100 

PN10 0.37 0.12 0.43 0.035 

Pipe A312_A313           26.84323 62.2 130 

HDPE-

PE 100 

PN10 -0.14 0.05 0.07 0.039 

Pipe A313_A309           83.0001 64.2 130 

HDPE-

PE 100 

PN10 0.34 0.11 0.32 0.036 

Pipe A314_A310           14.41136 62.2 130 
HDPE-

PE 100 1.14 0.38 3.48 0.03 
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PN10 

Pipe A314_A313           49.26592 62.2 130 

HDPE-

PE 100 

PN10 0.84 0.28 1.96 0.031 

Pipe A315_A308           145.16 150 110 DI -4.57 0.26 0.85 0.037 

Pipe A315_A314           43.48 62.2 130 

HDPE-

PE 100 

PN10 2.02 0.66 9.91 0.028 

Pipe A316_A317           42.54 62.2 130 

HDPE-

PE 100 

PN10 2.21 0.73 11.78 0.027 

Pipe A317_A318           21.88305 62.2 130 

HDPE-

PE 100 

PN10 1.18 0.39 3.69 0.03 

Pipe A317_A379           94.09782 64.2 130 

HDPE-

PE 100 

PN10 0.87 0.27 1.79 0.031 

Pipe A318_A430           56.61 62.2 130 

HDPE-

PE 100 

PN10 0.51 0.17 0.79 0.034 

Pipe A318_A321           141.6203 64.2 130 

HDPE-

PE 100 

PN10 0.43 0.13 0.49 0.035 

Pipe A319_A324           88.87027 62.2 130 

HDPE-

PE 100 

PN10 -0.54 0.18 0.87 0.033 

Pipe A320_A319           27.77267 62.2 130 

HDPE-

PE 100 

PN10 -0.43 0.14 0.56 0.035 

Pipe A321_A320           22.7587 62.2 130 

HDPE-

PE 100 

PN10 -0.32 0.11 0.33 0.036 

Pipe A322_A321           19.05993 62.2 130 

HDPE-

PE 100 

PN10 -0.53 0.17 0.83 0.034 

Pipe A323_A322           3.519229 62.2 130 

HDPE-

PE 100 

PN10 -0.37 0.12 0.42 0.035 

Pipe A323_A379           71.12341 64.2 130 

HDPE-

PE 100 

PN10 0.08 0.02 0.02 0.044 

Pipe A324_A325           35.69495 62.2 130 

HDPE-

PE 100 

PN10 -1.27 0.42 4.18 0.029 

Pipe A325_A326           71.93582 62.2 130 

HDPE-

PE 100 

PN10 -2.48 0.82 14.6 0.027 

Pipe A326_A352           25.64999 62.2 130 

HDPE-

PE 100 

PN10 4.24 1.4 39.36 0.025 

Pipe A327_A326           131.9824 62.2 130 

HDPE-

PE 100 

PN10 -2.07 0.68 10.43 0.027 

Pipe A328_A327           19.54813 62.2 130 

HDPE-

PE 100 

PN10 -1.17 0.38 3.59 0.03 
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Pipe A329_A328           30.89992 62.2 130 

HDPE-

PE 100 

PN10 -1.36 0.45 4.76 0.029 

Pipe A330_A329           2.845931 62.2 130 

HDPE-

PE 100 

PN10 -0.84 0.28 1.99 0.031 

Pipe A331_A330           140.6509 64.2 130 

HDPE-

PE 100 

PN10 -0.46 0.14 0.55 0.034 

Pipe A332_A330           20.50481 64.2 130 

HDPE-

PE 100 

PN10 -0.28 0.09 0.23 0.037 

Pipe A332_A333           38.39792 64.2 130 

HDPE-

PE 100 

PN10 0.52 0.16 0.69 0.034 

Pipe A332_A344           41.48848 64.2 130 

HDPE-

PE 100 

PN10 -0.42 0.13 0.46 0.035 

Pipe A333_A334           23.2621 64.2 130 

HDPE-

PE 100 

PN10 0.1 0.03 0.03 0.042 

Pipe A333_A335           18.12575 64.2 130 

HDPE-

PE 100 

PN10 0.26 0.08 0.19 0.038 

Pipe A335_A346           44.14465 62.2 130 

HDPE-

PE 100 

PN10 -0.61 0.2 1.09 0.033 

Pipe A336_A335           41.93149 62.2 130 

HDPE-

PE 100 

PN10 -0.9 0.3 2.24 0.031 

Pipe A336_A337           1.459871 62.2 130 

HDPE-

PE 100 

PN10 0.84 0.28 2.04 0.032 

Pipe A337_A338           26.44696 62.2 130 

HDPE-

PE 100 

PN10 0.86 0.28 2.03 0.031 

Pipe A337_A342           68.00825 62.2 130 

HDPE-

PE 100 

PN10 -0.11 0.03 0.04 0.044 

Pipe A338_A339           11.37296 64.2 130 

HDPE-

PE 100 

PN10 0.24 0.07 0.16 0.037 

Pipe A338_A340           47.51327 64.2 130 

HDPE-

PE 100 

PN10 0.52 0.16 0.68 0.034 

Pipe A341_A336           26.72746 62.2 130 

HDPE-

PE 100 

PN10 0.06 0.02 0.01 0.035 

Pipe A341_A342           63.00359 64.2 130 

HDPE-

PE 100 

PN10 0.04 0.01 0 0.038 

Pipe A342_A237           17.8497 62.2 130 

HDPE-

PE 100 

PN10 -0.4 0.13 0.51 0.035 

Pipe A343_A335           65.95406 64.2 130 

HDPE-

PE 100 

PN10 0.33 0.1 0.3 0.036 



70 

 

 

 

 

 

Pipe A343_A348           38.82213 62.2 130 

HDPE-

PE 100 

PN10 -0.57 0.19 0.96 0.033 

Pipe A344_A345           32.57107 64.2 130 

HDPE-

PE 100 

PN10 -0.85 0.26 1.71 0.031 

Pipe A344_A346           54.42074 64.2 130 

HDPE-

PE 100 

PN10 0.08 0.03 0.02 0.042 

Pipe A345_A349           70.55468 64.2 130 

HDPE-

PE 100 

PN10 -0.84 0.26 1.68 0.031 

Pipe A346_A347           1.88836 62.2 130 

HDPE-

PE 100 

PN10 -0.71 0.23 1.42 0.032 

Pipe A348_A347           38.96876 64.2 130 

HDPE-

PE 100 

PN10 0.24 0.07 0.16 0.038 

Pipe A348_A370           15.06104 62.2 130 

HDPE-

PE 100 

PN10 -1.2 0.39 3.78 0.03 

Pipe A349_A328           69.6651 64.2 130 

HDPE-

PE 100 

PN10 0.44 0.14 0.52 0.035 

Pipe A349_A351           54.01804 64.2 130 

HDPE-

PE 100 

PN10 -1.73 0.54 6.42 0.028 

Pipe A350_A345           24.15442 62.2 130 

HDPE-

PE 100 

PN10 0.31 0.1 0.31 0.036 

Pipe A350_A347           53.10535 62.2 130 

HDPE-

PE 100 

PN10 0.63 0.21 1.16 0.033 

Pipe A352_A351           2.226553 62.2 130 

HDPE-

PE 100 

PN10 3.29 1.08 24.53 0.026 

Pipe A352_A354           60.62994 64.2 130 

HDPE-

PE 100 

PN10 0.83 0.25 1.63 0.032 

Pipe A353_A350           42.56936 62.2 130 

HDPE-

PE 100 

PN10 1.21 0.4 3.85 0.03 

Pipe A353_A351           75.89282 62.2 130 

HDPE-

PE 100 

PN10 -1.21 0.4 3.87 0.03 

Pipe A354_A325           26.21052 64.2 130 

HDPE-

PE 100 

PN10 -0.97 0.3 2.2 0.031 

Pipe A355_A354           22.57333 64.2 130 

HDPE-

PE 100 

PN10 -1.53 0.47 5.08 0.029 

Pipe A356_A355           30.01763 64.2 130 

HDPE-

PE 100 

PN10 -1.06 0.33 2.57 0.03 

Pipe A356_A357           39.55784 64.2 130 

HDPE-

PE 100 

PN10 0.59 0.18 0.88 0.033 
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Pipe A356_A361           30.48538 64.2 130 

HDPE-

PE 100 

PN10 0.22 0.07 0.14 0.039 

Pipe A357_A353           44.42472 62.2 130 

HDPE-

PE 100 

PN10 0.41 0.14 0.53 0.035 

Pipe A358_A357           10.50886 62.2 130 

HDPE-

PE 100 

PN10 -0.01 0 0 0 

Pipe A358_A363           31.98538 62.2 130 

HDPE-

PE 100 

PN10 -0.4 0.13 0.5 0.035 

Pipe A359_A324           29.1757 64.2 130 

HDPE-

PE 100 

PN10 -0.62 0.19 0.97 0.033 

Pipe A359_A355           14.27146 64.2 130 

HDPE-

PE 100 

PN10 -0.37 0.11 0.36 0.035 

Pipe A359_A360           32.99793 64.2 130 

HDPE-

PE 100 

PN10 0.88 0.27 1.84 0.031 

Pipe A360_A320           55.13184 64.2 130 

HDPE-

PE 100 

PN10 0.15 0.05 0.07 0.041 

Pipe A361_A360           30.64656 64.2 130 

HDPE-

PE 100 

PN10 -0.44 0.14 0.51 0.035 

Pipe A362_A322           67.96457 64.2 130 

HDPE-

PE 100 

PN10 -0.03 0.01 0 0.057 

Pipe A362_A361           17.49215 64.2 130 

HDPE-

PE 100 

PN10 -0.51 0.16 0.68 0.034 

Pipe A363_A362           4.042624 62.2 130 

HDPE-

PE 100 

PN10 -0.45 0.15 0.59 0.033 

Pipe A363_A364           21.5963 62.2 130 

HDPE-

PE 100 

PN10 -0.03 0.01 0 0 

Pipe A364_A323           61.58061 64.2 130 

HDPE-

PE 100 

PN10 -0.07 0.02 0.02 0.046 

Pipe A364_A365           25.6479 62.2 130 

HDPE-

PE 100 

PN10 -0.14 0.05 0.07 0.042 

Pipe A365_A366           20.35317 62.2 130 

HDPE-

PE 100 

PN10 -0.7 0.23 1.39 0.032 

Pipe A365_A376           37.18951 62.2 130 

HDPE-

PE 100 

PN10 0.4 0.13 0.49 0.035 

Pipe A366_A367           43.34678 64.2 130 

HDPE-

PE 100 

PN10 -0.01 0 0 0 

Pipe A366_A373           24.73868 64.2 130 

HDPE-

PE 100 

PN10 -0.86 0.26 1.74 0.031 
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Pipe A367_A368           53.11661 64.2 130 

HDPE-

PE 100 

PN10 0.62 0.19 0.95 0.033 

Pipe A367_A372           24.98039 64.2 130 

HDPE-

PE 100 

PN10 -0.89 0.27 1.86 0.031 

Pipe A368_A358           13.38954 62.2 130 

HDPE-

PE 100 

PN10 -0.32 0.11 0.32 0.036 

Pipe A369_A368           53.20215 62.2 130 

HDPE-

PE 100 

PN10 -0.75 0.25 1.57 0.032 

Pipe A370_A369           61.27515 62.2 130 

HDPE-

PE 100 

PN10 -0.75 0.25 1.59 0.032 

Pipe A370_A371           65.85271 62.2 130 

HDPE-

PE 100 

PN10 -0.79 0.26 1.74 0.032 

Pipe A371_A369           49.43726 64.2 130 

HDPE-

PE 100 

PN10 0.36 0.11 0.35 0.036 

Pipe A372_A371           28.8433 64.2 130 

HDPE-

PE 100 

PN10 1.62 0.5 5.67 0.029 

Pipe A373_A372           46.11198 62.2 130 

HDPE-

PE 100 

PN10 -0.14 0.05 0.07 0.04 

Pipe A374_A239           171.09 62.2 130 

HDPE-

PE 100 

PN10 1.66 0.55 6.91 0.028 

Pipe A374_A372           43.81563 62.2 130 

HDPE-

PE 100 

PN10 2.86 0.94 18.96 0.026 

Pipe A375_A373           44.70949 62.2 130 

HDPE-

PE 100 

PN10 0.96 0.32 2.5 0.031 

Pipe A375_A374           49.43197 62.2 130 

HDPE-

PE 100 

PN10 -2.49 0.82 14.61 0.027 

Pipe A375_A378           40.7 62.2 130 

HDPE-

PE 100 

PN10 1.29 0.42 4.33 0.029 

Pipe A377_A376           51.70977 64.2 130 

HDPE-

PE 100 

PN10 -0.2 0.06 0.12 0.039 

Pipe A378_A377           43.03937 62.2 130 

HDPE-

PE 100 

PN10 0.49 0.16 0.73 0.034 

Pipe A378_A383           95.71043 62.2 130 

HDPE-

PE 100 

PN10 0.36 0.12 0.4 0.035 

Pipe A379_A380           23.91626 64.2 130 

HDPE-

PE 100 

PN10 0.46 0.14 0.56 0.035 

Pipe A380_A376           92.68228 62.2 130 

HDPE-

PE 100 

PN10 0.09 0.03 0.03 0.043 
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Pipe A380_A381           12.84165 62.2 130 

HDPE-

PE 100 

PN10 0.05 0.02 0.01 0.046 

Pipe A381_A382           46.8401 64.2 130 

HDPE-

PE 100 

PN10 0.36 0.11 0.34 0.036 

Pipe A381_A384           45.47941 62.2 130 

HDPE-

PE 100 

PN10 -0.51 0.17 0.78 0.034 

Pipe A382_A377           95.98664 64.2 130 

HDPE-

PE 100 

PN10 -0.16 0.05 0.08 0.04 

Pipe A383_A382           43.52105 64.2 130 

HDPE-

PE 100 

PN10 -0.03 0.01 0 0.038 

Pipe A383_A386           44.67951 62.2 130 

HDPE-

PE 100 

PN10 -0.22 0.07 0.16 0.038 

Pipe A384_A387           57.35155 64.2 130 

HDPE-

PE 100 

PN10 -1.26 0.39 3.56 0.03 

Pipe A385_A384           47.08869 64.2 130 

HDPE-

PE 100 

PN10 -0.33 0.1 0.29 0.036 

Pipe A386_A385           42.54545 62.2 130 

HDPE-

PE 100 

PN10 -0.49 0.16 0.72 0.034 

Pipe A387_A316           24.03 62.2 130 

HDPE-

PE 100 

PN10 -2.82 0.93 18.45 0.026 

Pipe A387_A388           36.32305 62.2 130 

HDPE-

PE 100 

PN10 1.43 0.47 5.23 0.029 

Pipe A388_A385           45.48401 64.2 130 

HDPE-

PE 100 

PN10 0.49 0.15 0.62 0.034 

Pipe A388_A386           61.36165 62.2 130 

HDPE-

PE 100 

PN10 0.57 0.19 0.96 0.033 

Pipe A389_A390           49.13987 150 110 DI 0.6 0.03 0.02 0.053 

Pipe A390_A391           158.4236 150 110 DI 0.12 0.01 0 0.06 

Pipe A392_A391           229.9918 150 110 DI 1.01 0.06 0.05 0.047 

Pipe A393_A392           191.3796 150 110 DI 1.53 0.09 0.11 0.044 

Pipe A393_A394           252.4672 150 110 DI -2.82 0.16 0.35 0.04 

Pipe A394_A500           266.85 150 110 DI -4.15 0.24 0.71 0.038 

Pipe A395_A306           218.05 62.2 130 

HDPE-

PE 100 

PN10 -0.68 0.22 1.32 0.032 

Pipe A410_A302           40.50596 62.2 130 

HDPE-

PE 100 

PN10 -0.36 0.12 0.41 0.036 

Pipe A415_A184           107.8815 64.2 130 

HDPE-

PE 100 

PN10 -0.71 0.22 1.24 0.032 

Pipe A420_A329           135.078 64.2 130 HDPE- -0.32 0.1 0.28 0.036 
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PE 100 

PN10 

Pipe A300_A305           93.8 150 110 DI 1.26 0.07 0.08 0.044 

Pipe A001_A002           139.95 150 110 DI 5.6 0.32 1.23 0.036 

Pipe A002_A084           48.85 62.2 130 

HDPE-

PE 100 

PN10 0.91 0.3 2.29 0.031 

Pipe A300_A291R          173.15 64.2 130 

HDPE-

PE 100 

PN10 -0.47 0.14 0.57 0.034 

Pipe A291_A284R          71.63 64.2 130 

HDPE-

PE 100 

PN10 -1.19 0.37 3.23 0.03 

Pipe A284_A269           103.04 64.2 130 

HDPE-

PE 100 

PN10 1.1 0.34 2.76 0.03 

Pipe A269_A265           122.73 64.2 130 

HDPE-

PE 100 

PN10 0.26 0.08 0.19 0.037 

Pipe A265_A262R          47.16 64.2 130 

HDPE-

PE 100 

PN10 0.7 0.22 1.19 0.032 

Pipe A262_A261           21.14 64.2 130 

HDPE-

PE 100 

PN10 1.39 0.43 4.25 0.029 

Pipe A261_A258R          93.96 64.2 130 

HDPE-

PE 100 

PN10 1.14 0.35 2.94 0.03 

Pipe A258_A256R          61.26 64.2 130 

HDPE-

PE 100 

PN10 0.59 0.18 0.88 0.033 

Pipe A256_A255           29.62 64.2 130 

HDPE-

PE 100 

PN10 0.31 0.09 0.26 0.036 

Pipe A255_A240R          35.2 64.2 130 

HDPE-

PE 100 

PN10 0.39 0.12 0.4 0.035 

Pipe A240_A230R          18.79 64.2 130 

HDPE-

PE 100 

PN10 0.13 0.04 0.06 0.044 

Pipe A232_A091           60.6 64.2 130 

HDPE-

PE 100 

PN10 0.99 0.31 2.27 0.031 

Pipe A091_A089           25.54 64.2 130 

HDPE-

PE 100 

PN10 0.15 0.05 0.07 0.039 

Pipe A089_A088           165.41 64.2 130 

HDPE-

PE 100 

PN10 -0.91 0.28 1.94 0.031 

Pipe A088_A001R          28.04 64.2 130 

HDPE-

PE 100 

PN10 1.9 0.59 7.63 0.028 

Pipe A001_A002R          138.49 64.2 130 

HDPE-

PE 100 

PN10 1.15 0.36 3.02 0.03 

Pipe A002_A003           148.52 64.2 130 HDPE- -0.81 0.25 1.58 0.032 
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PE 100 

PN10 

Pipe A003_A004R          77.75 64.2 130 

HDPE-

PE 100 

PN10 2.66 0.82 14.16 0.027 

Pipe A004_A005R          47.85 64.2 130 

HDPE-

PE 100 

PN10 0.35 0.11 0.32 0.036 

Pipe A005_A006R          62.5 64.2 130 

HDPE-

PE 100 

PN10 -0.93 0.29 2.04 0.031 

Pipe A006_A007R          46.5 64.2 130 

HDPE-

PE 100 

PN10 -2.53 0.78 12.94 0.027 

Pipe A007_A008           81.35 64.2 130 

HDPE-

PE 100 

PN10 0.28 0.09 0.23 0.037 

Pipe A008_A009           62.02 64.2 130 

HDPE-

PE 100 

PN10 3.32 1.03 21.43 0.026 

Pipe A009_A010R          57.11 64.2 130 

HDPE-

PE 100 

PN10 1.78 0.55 6.75 0.028 

Pipe A013_A014R          39.93 64.2 130 

HDPE-

PE 100 

PN10 -0.47 0.15 0.58 0.034 

Pipe A020_A021R          23.15 64.2 130 

HDPE-

PE 100 

PN10 -1.59 0.49 5.5 0.029 

Pipe A022_A031           148.13 64.2 130 

HDPE-

PE 100 

PN10 -2.34 0.72 11.23 0.027 

Pipe A031_A177           190.12 64.2 130 

HDPE-

PE 100 

PN10 -0.65 0.2 1.06 0.033 

Pipe A177_A181           169.33 64.2 130 

HDPE-

PE 100 

PN10 0.83 0.26 1.64 0.032 

Pipe A181_A190R          30.74 64.2 130 

HDPE-

PE 100 

PN10 -0.05 0.01 0.01 0.057 

Pipe A010_A011R          115.24 64.2 130 

HDPE-

PE 100 

PN10 1.07 0.33 2.63 0.03 

Pipe A011_A012R          55.37 64.2 130 

HDPE-

PE 100 

PN10 0.31 0.1 0.27 0.036 

Pipe A014_A020R          136.99 64.2 130 

HDPE-

PE 100 

PN10 -0.74 0.23 1.34 0.032 

Pipe A021_A023           65.58 64.2 130 

HDPE-

PE 100 

PN10 0.4 0.12 0.43 0.035 

Pipe A012_A013           92.44 64.2 130 

HDPE-

PE 100 

PN10 -0.12 0.04 0.05 0.042 
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Pipe A305_A308           125.86 64.2 130 

HDPE-

PE 100 

PN10 -0.5 0.15 0.64 0.034 

Pipe A308_A315           141.6 64.2 130 

HDPE-

PE 100 

PN10 -1.33 0.41 3.93 0.029 

Pipe A425_A395           67.87 62.2 130 

HDPE-

PE 100 

PN10 0.17 0.06 0.1 0.039 

Pipe A306_A425R          222.14 64.2 130 

HDPE-

PE 100 

PN10 0.72 0.22 1.27 0.032 

Pipe 

BALAJU_RES_Balaju_1_01 708.12 1000 110 DI 924.8 1.18 1.53 0.022 

Pipe 

Balaju_1_01_Balaju_1_02 587.16 1000 110 DI 924.8 1.18 1.53 0.022 

Pipe Balaju_1_02_DNI-10A 76.13 350 110 DI 26.94 0.28 0.36 0.032 

Pipe 

Balaju_1_02_Balaju_1_03 92.42 900 110 DI 897.9 1.41 2.42 0.021 

Pipe 

Balaju_1_03_Balaju_1_04 535.67 900 110 DI 897.9 1.41 2.42 0.021 

Pipe 

Balaju_1_04_Balaju_1_05 370.27 900 110 DI 897.9 1.41 2.42 0.021 

Pipe Balaju_1_05_DNI-10B 41.47 400 110 DI 87.99 0.7 1.7 0.027 

Pipe Balaju_1_05_DNI-7   40.26 800 110 DI 689 1.37 2.63 0.022 

Pipe 

Balaju_1_06_Balaju_1_07 510.85 400 110 DI 120.9 0.96 3.07 0.026 

Pipe 

Balaju_1_05_Balaju_1_06 744.93 400 110 DI 120.9 0.96 3.07 0.026 

Pipe Balaju_1_08_Balaju_12 238.67 400 110 DI 120.9 0.96 3.06 0.026 

Pipe Balaju_12_A234      68.92 150 110 DI -5.73 0.32 1.28 0.036 

Pipe 

Balaju_1_07_Balaju_1_08 7.02 300 110 DI 120.9 1.71 12.44 0.025 

Pipe 1                   0.83 150 110 DI 4.54 0.26 0.9 0.04 

Pipe 2                   313.72 150 110 DI 

-

10.02 0.57 3.62 0.033 

Pipe 3                   315.74 150 110 DI 

-

16.39 0.93 8.99 0.031 

Pipe 4                   96.44 150 110 DI 10.14 0.57 3.7 0.033 

Pipe 6                   3.2 150 110 DI 6.37 0.36 1.53 0.035 

Pipe 7                   1.16 150 110 DI 31.73 1.8 30.54 0.028 

Pipe 8                   1.62 150 110 DI 5.27 0.3 1.1 0.037 

Pipe 9                   84.87 150 110 DI 5.73 0.32 1.29 0.036 

Pipe 10                  222.77 150 110 DI -5.73 0.32 1.29 0.036 

Pipe 11                  248.37 150 110 DI 1.26 0.07 0.08 0.045 

Pipe 14                  279.85 150 110 DI -2.59 0.15 0.3 0.04 

Pipe 15                  282.87 150 110 DI -4.57 0.26 0.85 0.037 

Pipe 16                  320.68 150 110 DI -7.83 0.44 2.29 0.034 

Pipe 17                  320.78 150 110 DI 

-

13.51 0.76 6.29 0.032 
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Pipe 19                  365.72 150 110 DI -3.97 0.22 0.65 0.038 

Pipe 20                  265.56 150 110 DI 

-

11.31 0.64 4.52 0.033 

Pipe 21                  271.3 150 110 DI 

-

11.31 0.64 4.52 0.033 

Pipe 22                  118.78 62.2 130 

HDPE-

PE 100 

PN10 -0.9 0.3 2.22 0.031 

Pipe 23                  206.79 150 110 DI 1.26 0.07 0.08 0.045 

Pipe 24                  208.18 150 110 DI -4.57 0.26 0.85 0.037 

Pipe 25                  2.8 400 110 DI 120.9 0.96 3.08 0.026 

Pipe 26                  68.52 400 110 DI 120.9 0.96 3.06 0.026 

Pipe 27                  280.5 350 110 DI 82.53 0.86 2.9 0.027 

Pipe 28                  370.51 150 110 DI -3.61 0.2 0.55 0.039 

Pipe 29                  370.46 150 110 DI -3.61 0.2 0.55 0.038 

Pipe 30                  273.49 150 110 DI -3.61 0.2 0.55 0.039 

Pipe 31                  261.56 150 110 DI 4.15 0.24 0.71 0.038 

Pipe 32                  312.49 150 110 DI 4.15 0.24 0.71 0.038 

Pipe 36                  68.61 150 110 DI 10.14 0.57 3.7 0.033 

Pipe 37                  1.68 150 110 DI 8.94 0.51 2.92 0.034 

Pipe 38                  1.28 150 110 DI 5.24 0.3 1.05 0.035 

Pipe 39                  1.4 150 110 DI 8.54 0.48 2.66 0.033 

Pipe 41                  3.6 62.2 130 

HDPE-

PE 100 

PN10 -3.48 1.15 27.24 0.025 

Pipe 42                  2.05 150 110 DI 7.34 0.42 2.03 0.035 

Pipe 43                  3.8 400 110 DI 107.3 0.85 2.47 0.027 

Pipe 45                  1.37 150 110 DI 2.21 0.12 0.22 0.041 

Pipe 13                  1.23 150 110 DI 4.48 0.25 0.73 0.033 

Pipe 33                  2.47 150 110 DI 3.85 0.22 0.6 0.037 

Pipe 34                  3.31 62.2 130 

HDPE-

PE 100 

PN10 0.37 0.12 0.4 0.034 

Pipe 35                  1.48 150 110 DI 5.61 0.32 1.21 0.035 

Pipe 40                  108.89 150 110 DI 

-

26.65 1.51 22.12 0.029 

Pipe 46                  142.67 62.2 130 

HDPE-

PE 100 

PN10 0.55 0.18 0.89 0.033 

Pipe 47                  61.4 62.2 130 

HDPE-

PE 100 

PN10 -1.25 0.41 4.08 0.03 

Pipe 48                  103.25 62.2 130 

HDPE-

PE 100 

PN10 -1.65 0.54 6.86 0.028 

Pipe 49                  97.39 62.2 130 

HDPE-

PE 100 

PN10 -2.09 0.69 10.62 0.027 

Pipe 50                  265.33 150 110 DI 11.58 0.66 4.73 0.032 

Pipe 51                  140.92 150 110 DI 11.58 0.66 4.73 0.032 
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Pipe 52                  1.06 150 110 DI 16.51 0.93 9.13 0.031 

Pipe 53                  1.43 62.2 130 

HDPE-

PE 100 

PN10 4.54 1.49 44.65 0.024 

Pipe 54                  1.56 62.2 130 

HDPE-

PE 100 

PN10 0.38 0.12 0.48 0.037 

Pipe 55                  1.3 150 110 DI -1.98 0.11 0.23 0.054 

Pipe 56                  1.69 62.2 130 

HDPE-

PE 100 

PN10 1.36 0.45 4.84 0.03 

Pipe 57                  1.34 62.2 130 

HDPE-

PE 100 

PN10 6.71 2.21 91.96 0.023 

Pipe 59                  0.44 62.2 130 

HDPE-

PE 100 

PN10 7.66 2.52 117.71 0.023 

Pipe 60                  0.52 62.2 130 

HDPE-

PE 100 

PN10 6.72 2.21 92.16 0.023 

Pipe 61                  58.15 62.2 130 

HDPE-

PE 100 

PN10 3.73 1.23 30.94 0.025 

Pipe 62                  171.96 62.2 130 

HDPE-

PE 100 

PN10 3.16 1.04 22.85 0.026 

Pipe 63                  46.64 62.2 130 

HDPE-

PE 100 

PN10 1.63 0.54 6.69 0.028 

Pipe 64                  98.33 62.2 130 

HDPE-

PE 100 

PN10 0.71 0.23 1.44 0.032 

Pipe 65                  3.9 62.2 130 

HDPE-

PE 100 

PN10 0.45 0.15 0.61 0.034 

Pipe 66                  86.23 62.2 130 

HDPE-

PE 100 

PN10 0.09 0.03 0.03 0.045 

Pipe 67                  64.9 62.2 130 

HDPE-

PE 100 

PN10 -0.54 0.18 0.86 0.033 

Pipe 68                  56.46 62.2 130 

HDPE-

PE 100 

PN10 -1.04 0.34 2.89 0.03 

Pipe 69                  30.34 62.2 130 

HDPE-

PE 100 

PN10 -1.19 0.39 3.76 0.03 

Pipe 70                  8.44 62.2 130 

HDPE-

PE 100 

PN10 -2.29 0.75 12.59 0.027 

Pipe 71                  23.76 62.2 130 

HDPE-

PE 100 

PN10 -0.48 0.16 0.7 0.034 

Pipe 72                  24.62 62.2 130 

HDPE-

PE 100 

PN10 -0.89 0.29 2.19 0.031 
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Pipe 73                  119.62 62.2 130 

HDPE-

PE 100 

PN10 -1.15 0.38 3.49 0.03 

Pipe 74                  60.31 62.2 130 

HDPE-

PE 100 

PN10 -1.78 0.58 7.85 0.028 

Pipe 75                  1.49 150 110 DI 1.32 0.07 0 0 

Pipe 76                  1.36 150 110 DI 2.08 0.12 0.22 0.046 

Pipe 77                  1.28 150 110 DI 7.29 0.41 2.09 0.036 

Pipe 78                  267 150 110 DI -8.05 0.46 2.41 0.034 

Pipe 79                  248.07 150 110 DI -8.05 0.46 2.41 0.034 

Pipe 80                  129.7 150 110 DI 

-

17.35 0.98 9.99 0.031 

Pipe 81                  229.7 150 110 DI 

-

17.35 0.98 9.99 0.031 

Pipe 82                  1.31 150 110 DI 9.29 0.53 3.18 0.034 

Pipe 83                  1.64 150 110 DI 4.87 0.28 0.91 0.035 

Pipe 84                  58.42 150 110 DI 7.77 0.44 2.26 0.034 

Valve 5                  #N/A             150 #N/A               13.57 0.77 0.81 0 

Valve 12                 #N/A             150 #N/A               24.82 1.4 0.63 0 

Valve 18                 #N/A             250 #N/A               74.76 1.52 4.95 0 
 

Table 6.7.Details of Pressure for DNI A (at peak time 7.00) 

Node ID Elevation 
Base 

Demand 
Peak Demand 

(LPS) 
Head Pressure 

  m                LPS              LPS              m                m                

Junc A001                1285.791 0 0 1320.7 34.87 

Junc A002                1283.954 0 0 1320.5 36.54 

Junc A003                1283.113 0 0 1320.3 37.2 

Junc A004                1282.072 0 0 1320.1 38.07 

Junc A005                1281.849 0 0 1320 38.19 

Junc A006                1281.831 0 0 1319.9 38.07 

Junc A007                1281.722 0 0 1319.8 38.08 

Junc A008                1281.347 0 0 1319.8 38.43 

Junc A009                1281.148 0 0 1319.8 38.63 

Junc A010                1281.353 0 0 1319.8 38.42 

Junc A011                1281.546 0 0 1319.8 38.22 

Junc A012                1284.293 0 0 1319.8 35.47 

Junc A013                1283.753 0 0 1319.8 36.01 

Junc A014                1286.099 0 0 1319.8 33.66 

Junc A016                1285.044 0.147334 0.22 1317.8 32.71 

Junc A017                1285.02 0.182021 0.27 1317.8 32.74 

Junc A018                1285.48 0.384798 0.58 1317.8 32.26 

Junc A019                1285.346 0.309862 0.46 1317.9 32.57 

Junc A020                1287.94 0 0 1319.8 31.81 

Junc A021                1288.23 0 0 1319.8 31.52 

Junc A022                1287.66 0.348855 0.52 1319.8 32.09 
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Junc A023                1284.599 0.140189 0.21 1318.1 33.46 

Junc A024                1284.568 0.206096 0.31 1318.1 33.5 

Junc A025                1283.432 0.32893 0.49 1318.3 34.86 

Junc A026                1283.014 0.154915 0.23 1318.3 35.33 

Junc A027                1284.281 0.642545 0.96 1318.3 33.97 

Junc A028                1282.905 0.087162 0.13 1318.5 35.58 

Junc A029                1283.137 0.115954 0.17 1318.4 35.29 

Junc A030                1283.214 0.303416 0.46 1319.3 36.07 

Junc A031                1292.99 0 0 1319.8 26.76 

Junc A032                1293.37 0.214452 0.32 1319.1 25.71 

Junc A033                1291.44 0.388013 0.58 1319 27.6 

Junc A034                1290.325 0.375962 0.56 1318.5 28.14 

Junc A035                1288.908 0.652862 0.98 1318.4 29.47 

Junc A036                1294.72 0.37719 0.57 1318.1 23.37 

Junc A037                1285.71 0.096903 0.15 1318 32.33 

Junc A038                1285.71 0.389106 0.58 1318 32.31 

Junc A039                1285.977 0.12256 0.18 1317.9 31.89 

Junc A040                1286.393 0.237497 0.36 1317.9 31.47 

Junc A041                1286.089 0.071021 0.11 1317.9 31.76 

Junc A042                1288.899 0.126233 0.19 1317.8 28.94 

Junc A043                1286.009 0.066016 0.1 1317.8 31.83 

Junc A044                1290.227 0.081566 0.12 1317.8 27.61 

Junc A045                1285.793 0.095284 0.14 1318 32.24 

Junc A046                1285.33 0.099974 0.15 1318 32.71 

Junc A047                1284.851 0.169369 0.25 1318.9 34.03 

Junc A048                1285.88 0.118079 0.18 1318.1 32.17 

Junc A049                1283.986 0.274615 0.41 1318.8 34.83 

Junc A050                1285.85 0.081355 0.12 1318.1 32.22 

Junc A051                1285.28 0.078264 0.12 1318.1 32.8 

Junc A052                1284.6 0.122171 0.18 1318.6 34 

Junc A053                1284.027 0.283112 0.42 1318.6 34.55 

Junc A054                1284.55 0.039824 0.06 1318.6 34.04 

Junc A055                1284.422 0.05341 0.08 1318.6 34.17 

Junc A056                1284.55 0.030985 0.05 1318.6 34.04 

Junc A057                1284.403 0.081336 0.12 1318.6 34.18 

Junc A058                1284.68 0.029662 0.04 1318.6 33.9 

Junc A059                1282.431 0.205013 0.31 1319 36.57 

Junc A060                1282.613 0.120625 0.18 1319.1 36.44 

Junc A061                1283.793 0.157726 0.24 1319.1 35.26 

Junc A062                1284.68 0.04793 0.07 1318.5 33.86 

Junc A063                1284.851 0.205721 0.31 1318.5 33.67 

Junc A064                1284.53 0.065974 0.1 1318.5 33.95 

Junc A065                1285.132 0.178781 0.27 1318.5 33.33 

Junc A066                1284.73 0.075935 0.11 1318.5 33.72 
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Junc A067                1284.573 0.060425 0.09 1318.5 33.87 

Junc A068                1284.57 0.156604 0.23 1318.4 33.86 

Junc A069                1284.398 0.24865 0.37 1318.4 34.03 

Junc A070                1285.13 0.260168 0.39 1318.4 33.3 

Junc A071                1285.02 0.094292 0.14 1318.4 33.39 

Junc A072                1284.96 0.355334 0.53 1318.4 33.43 

Junc A073                1285.208 0.058419 0.09 1318.3 33.11 

Junc A074                1285.195 0.127595 0.19 1318.3 33.12 

Junc A075                1285.222 0.031216 0.05 1318.3 33.09 

Junc A076                1285.259 0.099391 0.15 1318.3 33.05 

Junc A077                1285.236 0.168194 0.25 1318.3 33.07 

Junc A078                1285.29 0.604905 0.91 1318.5 33.2 

Junc A079                1285.59 0.19263 0.29 1318.4 32.84 

Junc A080                1285.75 0.208716 0.31 1320 34.27 

Junc A081                1285.148 0.429763 0.64 1319.9 34.77 

Junc A082                1285.861 0.313587 0.47 1319.9 34.05 

Junc A083                1285.405 0.042045 0.06 1319.9 34.53 

Junc A084                1285.41 0.25576 0.38 1320 34.54 

Junc A085                1286.706 0.394003 0.59 1319.7 32.96 

Junc A086                1286.909 0.287478 0.43 1319.6 32.73 

Junc A087                1286.987 0.251749 0.38 1319.6 32.66 

Junc A088                1286.247 0 0 1320.7 34.45 

Junc A089                1288.44 0.038871 0.06 1320.4 31.94 

Junc A090                1288.4 0.048919 0.07 1320.3 31.94 

Junc A091                1289.45 0.127653 0.19 1320.4 30.93 

Junc A092                1287.81 0.062168 0.09 1320.3 32.46 

Junc A093                1288.426 0.252827 0.38 1320.3 31.82 

Junc A094                1287.5 0.051458 0.08 1320.2 32.73 

Junc A095                1287.5 0.107927 0.16 1320.2 32.69 

Junc A096                1287.466 0.159742 0.24 1320.2 32.71 

Junc A097                1287.19 0.098608 0.15 1319.9 32.73 

Junc A099                1287.18 0.050129 0.08 1319.9 32.73 

Junc A100                1287.237 0.187534 0.28 1319.9 32.66 

Junc A101                1287.36 0.110246 0.17 1319.9 32.53 

Junc A102                1287.42 0.096646 0.14 1319.9 32.46 

Junc A103                1286.93 0.195346 0.29 1319.9 32.94 

Junc A104                1287.452 0.16269 0.24 1319.9 32.41 

Junc A105                1286.94 0.217918 0.33 1319.9 32.93 

Junc A107                1285.471 0.210095 0.32 1318.4 32.89 

Junc A108                1285.54 0.269052 0.4 1320.4 34.87 

Junc A109                1285.722 0.270818 0.41 1318.4 32.63 

Junc A110                1286.521 0.197215 0.3 1317.6 31.07 

Junc A111                1285.364 0.236557 0.35 1317.6 32.21 

Junc A112                1286.713 0.073489 0.11 1317.5 30.81 
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Junc A113                1286.57 0.441935 0.66 1317.5 30.91 

Junc A114                1287.818 0.111453 0.17 1317.5 29.65 

Junc A115                1290.37 0.721791 1.08 1317.2 26.78 

Junc A116                1290.459 0.234106 0.35 1317.5 27.02 

Junc A117                1291.699 0.147583 0.22 1317.5 25.84 

Junc A118                1288.535 0.178343 0.27 1317.5 29 

Junc A119                1291.462 0.361794 0.54 1317.7 26.25 

Junc A120                1288.86 0.224543 0.34 1317.7 28.83 

Junc A121                1288.658 0.215874 0.32 1318.3 29.63 

Junc A122                1287.647 0.121394 0.18 1318.3 30.68 

Junc A123                1286.8 0.124327 0.19 1318.3 31.54 

Junc A124                1286.088 0.138181 0.21 1318.3 32.25 

Junc A125                1286.38 0.098074 0.15 1319 32.6 

Junc A126                1286.08 0.12302 0.18 1318.5 32.43 

Junc A127                1285.75 0.064717 0.1 1318.4 32.65 

Junc A128                1285.85 0.055779 0.08 1318.4 32.55 

Junc A129                1285.53 0.10711 0.16 1318.4 32.82 

Junc A130                1285.345 0.195409 0.29 1318.4 33.03 

Junc A131                1285.227 0.171946 0.26 1318.4 33.14 

Junc A132                1285.17 0.203302 0.3 1318.4 33.2 

Junc A133                1285.169 0.133064 0.2 1318.4 33.2 

Junc A134                1285.48 0.108356 0.16 1318.1 32.66 

Junc A135                1285.83 0.086425 0.13 1318.1 32.3 

Junc A136                1285.802 0.101765 0.15 1318.1 32.33 

Junc A137                1286.02 0.105022 0.16 1318.5 32.44 

Junc A138                1285.991 0.017045 0.03 1318.5 32.47 

Junc A139                1290.073 0.017045 0.03 1318.5 28.37 

Junc A140                1297.778 0.177341 0.27 1318.4 20.66 

Junc A141                1298.712 0.078403 0.12 1318.4 19.73 

Junc A142                1286.42 0.213876 0.32 1319.1 32.72 

Junc A143                1288.402 0.211388 0.32 1319.3 30.93 

Junc A144                1288.28 0.05235 0.08 1319.9 31.58 

Junc A145                1295.888 0.141905 0.21 1319.9 23.96 

Junc A146                1288.28 0.033135 0.05 1319.9 31.65 

Junc A147                1287.51 0.184524 0.28 1319.7 32.17 

Junc A148                1288.05 0.175053 0.26 1318.4 30.32 

Junc A149                1287.869 0.138441 0.21 1318.4 30.49 

Junc A150                1291.626 0.108789 0.16 1321 29.34 

Junc A151                1291.128 0.081419 0.12 1321 29.84 

Junc A152                1292.278 0.194143 0.29 1321 28.68 

Junc A153                1289.34 0.14209 0.21 1321 31.61 

Junc A154                1288.24 0.129084 0.19 1321 32.78 

Junc A155                1288.84 0.089247 0.13 1320.2 31.39 

Junc A156                1298.744 0.117112 0.18 1320.2 21.48 
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Junc A157                1289.11 0.064539 0.1 1319.9 30.74 

Junc A158                1304.101 0.225743 0.34 1319.1 14.98 

Junc A159                1300.913 0.156527 0.23 1319.1 18.17 

Junc A160                1289.42 0.165947 0.25 1319.8 30.42 

Junc A161                1297.831 0.301071 0.45 1319.8 21.99 

Junc A162                1301.84 0.195947 0.29 1318.6 16.77 

Junc A163                1301.69 0.119134 0.18 1318.5 16.83 

Junc A164                1297.635 0.179867 0.27 1318.5 20.88 

Junc A165                1301.69 0.153915 0.23 1318.5 16.79 

Junc A166                1301.7 0.097917 0.15 1318.2 16.48 

Junc A167                1299.197 0.262828 0.39 1318.2 18.95 

Junc A168                1301.19 0.115121 0.17 1318.1 16.95 

Junc A169                1295.161 0.459532 0.69 1318.1 22.93 

Junc A170                1300.17 0.132753 0.2 1318.1 17.92 

Junc A171                1299.393 0.25474 0.38 1318.1 18.68 

Junc A172                1297.11 0.14052 0.21 1318.1 20.98 

Junc A173                1299.152 0.196014 0.29 1318.1 18.92 

Junc A174                1301.81 0.626858 0.94 1318.6 16.8 

Junc A175                1302.17 0.394989 0.59 1319.4 17.27 

Junc A176                1302.093 0.336932 0.51 1319.4 17.33 

Junc A177                1303.18 0 0 1320 16.77 

Junc A178                1301.849 0.195903 0.29 1318.1 16.23 

Junc A179                1302.338 0.447576 0.67 1318.1 15.72 

Junc A180                1301.086 0.271762 0.41 1318.1 16.98 

Junc A181                1304.33 0 0 1320.6 16.23 

Junc A182                1304.12 0.152104 0.23 1319.7 15.53 

Junc A183                1303.964 0.525531 0.79 1319.6 15.66 

Junc A184                1292.912 0.106575 0.16 1319.8 26.89 

Junc A185                1292.057 0.338145 0.51 1319.8 27.72 

Junc A186                1291.76 0.139974 0.21 1319.9 28.09 

Junc A187                1291.76 0.022102 0.03 1319.9 28.14 

Junc A188                1291.83 0.337629 0.51 1319.9 28.05 

Junc A189                1292.356 0.221799 0.33 1320.1 27.71 

Junc A430                1302.01 0.05 0.08 1326.5 24.47 

Junc A190                1304.4 0 0 1320.7 16.28 

Junc A191                1303.5 0.282902 0.42 1319.8 16.31 

Junc A192                1302.199 0.224776 0.34 1319.8 17.6 

Junc A193                1303.93 0.280136 0.42 1320.2 16.24 

Junc A194                1303.88 0.555869 0.83 1321.8 17.93 

Junc A195                1296.54 0.41293 0.62 1321 24.42 

Junc A196                1294.532 0.234324 0.35 1321 26.43 

Junc A197                1301.501 0.078231 0.12 1321 19.5 

Junc A198                1301.551 0.122047 0.18 1321 19.46 

Junc A199                1303.006 0.235104 0.35 1321 17.99 
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Junc A200                1304.65 0.276027 0.41 1321.7 17.08 

Junc A201                1299.45 0.230419 0.35 1321 21.51 

Junc A202                1294.184 0.312045 0.47 1321 26.77 

Junc A203                1298.501 0.149229 0.22 1321 22.47 

Junc A204                1298.51 0.060795 0.09 1321 22.46 

Junc A205                1301.75 0.155251 0.23 1321 19.21 

Junc A206                1298.553 0.083929 0.13 1321 22.43 

Junc A207                1301.449 0.190764 0.29 1321 19.52 

Junc A208                1298.862 0.129796 0.19 1321 22.17 

Junc A209                1299.956 0.198524 0.3 1321 21.07 

Junc A210                1297.199 0.198716 0.3 1321 23.78 

Junc A211                1296.903 0.187896 0.28 1321 24.07 

Junc A212                1296.726 0.420953 0.63 1321.2 24.43 

Junc A213                1297.165 0.078358 0.12 1321.2 24.02 

Junc A214                1297.676 0.076043 0.11 1321.2 23.51 

Junc A215                1297.707 0.181768 0.27 1321.3 23.57 

Junc A216                1297.754 0.115349 0.17 1321.3 23.53 

Junc A217                1300.655 0.320569 0.48 1322.3 21.68 

Junc A218                1302.65 0.107391 0.16 1324.6 21.91 

Junc A219                1302.11 0.16406 0.25 1324.2 22.08 

Junc A220                1302.843 0.179055 0.27 1324.2 21.34 

Junc A221                1304.565 0.172547 0.26 1322.2 17.58 

Junc A222                1303.752 0.162516 0.24 1322.1 18.38 

Junc A223                1304.04 0.26033 0.39 1323 18.93 

Junc A224                1301.953 0.164878 0.25 1323 21.01 

Junc A225                1296.66 0.1143 0.17 1322.6 25.97 

Junc A226                1296.82 0.178816 0.27 1322.2 25.41 

Junc A227                1286.303 0.62891 0.94 1319.5 33.2 

Junc A228                1286.513 0.292996 0.44 1321.1 34.57 

Junc A229                1289.78 0.048296 0.07 1320.7 30.95 

Junc A230                1290.25 0.020366 0.03 1328 37.78 

Junc A231                1286.938 0.252817 0.38 1317.5 30.51 

Junc A232                1290.25 0.070306 0.11 1320.5 30.27 

Junc A233                1289.61 0.047055 0.07 1328 38.42 

Junc A234                1289.78 0.056731 0.09 1326.1 36.36 

Junc A235                1290.63 0.142421 0.21 1326.1 35.49 

Junc A236                1296.82 0.144282 0.22 1326.1 29.25 

Junc A237                1297.06 0.200948 0.3 1326 28.98 

Junc A238                1301.9 0.139897 0.21 1326 24.14 

Junc A239                1303.84 0.347186 0.52 1326.2 22.33 

Junc A240                1290.57 0.053641 0.08 1328 37.46 

Junc A241                1289.33 0.09446 0.14 1328 38.7 

Junc A242                1289.81 0.063789 0.1 1328 38.22 

Junc A243                1289.33 0.02736 0.04 1328 38.7 
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Junc A244                1289.449 0.017439 0.03 1328 38.58 

Junc A245                1289.28 0.033561 0.05 1328 38.75 

Junc A246                1290.09 0.044624 0.07 1328 37.94 

Junc A247                1290.38 0.054965 0.08 1328 37.65 

Junc A248                1289.051 0.044616 0.07 1328 38.97 

Junc A249                1289.822 0.022937 0.03 1328 38.2 

Junc A250                1290.67 0.21625 0.32 1328 37.37 

Junc A251                1289.522 0.096276 0.14 1328.1 38.53 

Junc A252                1289.598 0.06128 0.09 1328.1 38.45 

Junc A253                1290.595 0.042686 0.06 1328 37.45 

Junc A254                1290.203 0.01756 0.03 1328 37.84 

Junc A255                1291.527 0.038742 0.06 1328 36.52 

Junc A256                1290.862 0.08888 0.13 1328.1 37.19 

Junc A257                1291.312 0.190528 0.29 1328.1 36.79 

Junc A258                1292.495 0.102272 0.15 1328.1 35.61 

Junc A259                1292.01 0.152405 0.23 1328.1 36.1 

Junc A260                1292.84 0.175649 0.26 1328.4 35.54 

Junc A261                1294.343 0.093381 0.14 1328.4 34.04 

Junc A262                1293.933 0.037689 0.06 1328.5 34.54 

Junc A263                1293.99 0.088662 0.13 1328.5 34.51 

Junc A264                1293.16 0.116253 0.17 1328.5 35.34 

Junc A265                1296.369 0.06 0.09 1328.5 32.16 

Junc A266                1295.43 0.175402 0.26 1328.5 33.11 

Junc A267                1294.907 0.195722 0.29 1328.6 33.68 

Junc A268                1293.54 0.13385 0.2 1328.9 35.33 

Junc A269                1300.994 0.081984 0.12 1328.6 27.56 

Junc A270                1300.994 0.219994 0.33 1328.5 27.55 

Junc A271                1297.823 0.140539 0.21 1328.5 30.71 

Junc A272                1297.681 0.226318 0.34 1328.5 30.86 

Junc A273                1294.89 0.143765 0.22 1328.6 33.68 

Junc A274                1297.976 0.276109 0.41 1328.5 30.55 

Junc A275                1296.96 0.187276 0.28 1328.5 31.57 

Junc A276                1296.97 0.097738 0.15 1328.5 31.57 

Junc A277                1304.291 0.216323 0.32 1328.5 24.24 

Junc A278                1299.17 0.209217 0.31 1328.5 29.36 

Junc A279                1298.78 0.15494 0.23 1328.5 29.76 

Junc A280                1303.879 0.184134 0.28 1328.6 24.67 

Junc A281                1300.45 0.249966 0.37 1328.6 28.14 

Junc A282                1304.334 0.301761 0.45 1328.6 24.22 

Junc A283                1301.52 0.099632 0.15 1328.8 27.27 

Junc A284                1307.68 0.102194 0.15 1328.8 21.15 

Junc A285                1305.823 0.162115 0.24 1328.6 22.77 

Junc A286                1306.055 0.347061 0.52 1328.5 22.48 

Junc A287                1307.422 0.137354 0.21 1328.5 21.12 
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Junc A288                1308.05 0.121157 0.18 1328.5 20.49 

Junc A289                1309.542 0.138709 0.21 1328.5 18.96 

Junc A290                1310.154 0.291255 0.44 1328.5 18.34 

Junc A291                1310.027 0.10558 0.16 1328.6 18.58 

Junc A292                1310.122 0.479237 0.72 1328.5 18.38 

Junc A293                1309.929 0.108137 0.16 1328.5 18.58 

Junc A294                1309.259 0.084431 0.13 1328.5 19.25 

Junc A295                1307.614 0.107819 0.16 1328.5 20.91 

Junc A296                1306.833 0.09905 0.15 1328.5 21.69 

Junc A297                1306.71 0.147384 0.22 1328.5 21.81 

Junc A298                1309.419 0.097509 0.15 1328.5 19.09 

Junc A299                1307.717 0.18091 0.27 1328.5 20.8 

Junc A300                1311.83 0.222886 0.33 1328.5 16.67 

Junc A301                1310.48 0.308165 0.46 1328.5 18.02 

Junc A302                1308.08 0.152029 0.23 1328.5 20.45 

Junc A303                1307.32 0.066645 0.1 1326.4 19.11 

Junc A304                1307.32 0.14114 0.21 1326.4 19.11 

Junc A305                1310.18 0 0 1328.8 18.63 

Junc A306                1316.03 0.537669 0.81 1328.8 12.76 

Junc A307                1307.806 0.18318 0.27 1326.5 18.64 

Junc A308                1309.08 0.309493 0.46 1326.5 17.37 

Junc A309                1304.933 0.412534 0.62 1326.5 21.52 

Junc A310                1302.95 0.15669 0.24 1326.5 23.58 

Junc A311                1304.14 0.205013 0.31 1326.5 22.38 

Junc A312                1302.01 0.093318 0.14 1326.5 24.47 

Junc A313                1302.13 0.236156 0.35 1326.5 24.35 

Junc A314                1303.19 0.02048 0.03 1326.6 23.39 

Junc A315                1308.68 0.090137 0.14 1327 18.33 

Junc A316                1308.68 0.022063 0.03 1327.1 18.43 

Junc A317                1303.19 0.107598 0.16 1326.6 23.42 

Junc A318                1302.52 0.158783 0.24 1326.5 24.01 

Junc A319                1299.69 0.122772 0.18 1326.5 26.79 

Junc A320                1299.26 0.171534 0.26 1326.5 27.21 

Junc A321                1300.188 0.150622 0.23 1326.5 26.27 

Junc A322                1305.19 0.0852 0.13 1326.4 21.25 

Junc A323                1306.919 0.145016 0.22 1326.4 19.52 

Junc A324                1295.8 0.06578 0.1 1326.6 30.76 

Junc A325                1294.89 0.164172 0.25 1326.7 31.82 

Junc A326                1294.31 0.091039 0.14 1327.8 33.45 

Junc A327                1292.21 0.159689 0.24 1326.4 34.17 

Junc A328                1292.75 0.169409 0.25 1326.3 33.56 

Junc A329                1300.299 0.127338 0.19 1326.2 25.87 

Junc A330                1300.479 0.066505 0.1 1326.2 25.68 

Junc A331                1294.166 0.124137 0.19 1326.1 31.92 
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Junc A332                1301.526 0.12129 0.18 1326.2 24.63 

Junc A333                1302.783 0.110908 0.17 1326.1 23.34 

Junc A334                1302.164 0.066793 0.1 1326.1 23.96 

Junc A335                1303.065 0.196302 0.29 1326.1 23.06 

Junc A336                1301.848 0.079975 0.12 1326 24.18 

Junc A337                1301.887 0.062102 0.09 1326 24.14 

Junc A338                1301.329 0.066887 0.1 1326 24.64 

Junc A339                1301.04 0.158578 0.24 1326 24.93 

Junc A340                1300.621 0.344776 0.52 1325.9 25.32 

Junc A341                1301.407 0.188347 0.28 1326 24.62 

Junc A342                1297.4 0.226125 0.34 1326 28.63 

Junc A343                1304.366 0.439828 0.66 1326.1 21.78 

Junc A344                1302.524 0.23113 0.35 1326.2 23.65 

Junc A345                1303.727 0.20054 0.3 1326.2 22.5 

Junc A346                1304.081 0.121673 0.18 1326.2 22.09 

Junc A347                1304.075 0.108811 0.16 1326.2 22.1 

Junc A348                1304.832 0.256057 0.38 1326.2 21.35 

Junc A349                1301.999 0.298475 0.45 1326.4 24.35 

Junc A350                1303.986 0.17659 0.26 1326.2 22.25 

Junc A351                1301.379 0.228209 0.34 1326.7 25.32 

Junc A352                1300.506 0.087495 0.13 1326.8 26.24 

Junc A353                1306.212 0.277958 0.42 1326.4 20.19 

Junc A354                1304.39 0.181092 0.27 1326.7 22.26 

Junc A355                1303.793 0.065514 0.1 1326.5 22.74 

Junc A356                1305.625 0.16429 0.25 1326.5 20.83 

Junc A357                1307.398 0.111333 0.17 1326.4 19.03 

Junc A358                1307.381 0.062043 0.09 1326.4 19.04 

Junc A359                1302.614 0.07596 0.11 1326.5 23.92 

Junc A360                1300.57 0.194072 0.29 1326.5 25.9 

Junc A361                1304.164 0.096652 0.14 1326.5 22.29 

Junc A362                1305.669 0.067442 0.1 1326.4 20.77 

Junc A363                1305.969 0.045939 0.07 1326.4 20.47 

Junc A364                1307.205 0.12381 0.19 1326.4 19.23 

Junc A365                1307.284 0.10891 0.16 1326.4 19.16 

Junc A366                1307.369 0.111219 0.17 1326.5 19.1 

Junc A367                1307.906 0.173837 0.26 1326.5 18.56 

Junc A368                1307.66 0.128046 0.19 1326.4 18.76 

Junc A369                1306.339 0.234068 0.35 1326.3 20 

Junc A370                1304.851 0.22867 0.34 1326.2 21.39 

Junc A371                1306.319 0.316298 0.47 1326.4 20.03 

Junc A372                1307.334 0.138979 0.21 1326.5 19.18 

Junc A373                1307.47 0.164579 0.25 1326.5 19.04 

Junc A374                1306.8 0.220261 0.33 1327.4 20.55 

Junc A375                1307.38 0.158392 0.24 1326.6 19.25 
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Junc A376                1307.892 0.194608 0.29 1326.4 18.53 

Junc A377                1307.955 0.353753 0.53 1326.4 18.46 

Junc A378                1307.83 0.293129 0.44 1326.5 18.62 

Junc A379                1304.035 0.321319 0.48 1326.4 22.4 

Junc A380                1307.766 0.211838 0.32 1326.4 18.66 

Junc A381                1307.655 0.13825 0.21 1326.4 18.77 

Junc A382                1308.178 0.32028 0.48 1326.4 18.23 

Junc A383                1308.43 0.407072 0.61 1326.4 17.98 

Junc A384                1307.472 0.280218 0.42 1326.5 18.99 

Junc A385                1308.501 0.218008 0.33 1326.5 17.95 

Junc A386                1308.78 0.562325 0.84 1326.4 17.64 

Junc A387                1309.47 0.088017 0.13 1326.7 17.2 

Junc A388                1309.39 0.244847 0.37 1326.5 17.09 

Junc A389                1313.07 0.534137 0.8 1328.8 15.68 

Junc A390                1312.77 0.322824 0.48 1328.8 15.98 

Junc A391                1313.44 0.752881 1.13 1328.8 15.31 

Junc A392                1312.79 0.350032 0.53 1328.8 15.97 

Junc A393                1310.07 0.85718 1.29 1328.8 18.71 

Junc A394                1306.58 0.889002 1.33 1328.9 22.29 

Junc A395                1310.66 0.564783 0.85 1328.5 17.84 

Junc A400                1286.723 0.418631 0.63 1319.9 33.13 

Junc A405                1286.841 0.373807 0.56 1319.8 32.99 

Junc A410                1308.977 0.253835 0.38 1328.5 19.53 

Junc A415                1302.193 0.287167 0.43 1319.7 17.48 

Junc A420                1295.102 0.111831 0.17 1326.1 31.02 

Junc A425                1311.64 0.369131 0.55 1328.5 16.86 

Junc A500                1304.4 0 0 1329.1 24.66 

Junc 

Balaju_12           1290.25 0 0 1330.6 40.39 

Junc 

Balaju_1_01         1320 0 0 1338.6 18.62 

Junc 

Balaju_1_02         1291 0 0 1337.7 46.72 

Junc DNI-10A             1290 17.96 26.94 1337.7 47.69 

Junc 

Balaju_1_03         1295.37 0 0 1337.5 42.13 

Junc 

Balaju_1_04         1292.36 0 0 1336.2 43.84 

Junc 

Balaju_1_05         1291 0 0 1335.3 44.3 

Junc DNI-10B             1291 58.66 87.99 1335.2 44.23 

Junc DNI-7               1291 459.3 688.95 1335.2 44.2 

Junc 

Balaju_1_06         1285.8 0 0 1333 47.22 

Junc 

Balaju_1_07         1285.5 0 0 1331.5 45.96 
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Junc 

Balaju_1_08         1285.5 0 0 1331.4 45.87 

Junc A501                1290 0 0 1330.6 40.63 

Junc 1                   1286.247 0.138502 0.21 1320.7 34.45 

Junc 2                   1285.791 0.498958 0.75 1320.5 34.69 

Junc 3                   1283.954 0.701001 1.05 1320.1 36.11 

Junc 4                   1283.113 1.021395 1.53 1320.2 37.07 

Junc 5                   1282.072 0.534566 0.8 1319.1 37.01 

Junc 6                   1281.849 0.23803 0.36 1319.1 37.22 

Junc 7                   1281.831 0.267999 0.4 1319.2 37.37 

Junc 8                   1281.722 0.429723 0.64 1319.8 38.08 

Junc 9                   1281.347 0.392206 0.59 1319.8 38.43 

Junc 10                  1281.148 0.314029 0.47 1318.5 37.3 

Junc 11                  1281.353 0.458139 0.69 1318.1 36.71 

Junc 12                  1281.546 0.446078 0.67 1317.8 36.21 

Junc 13                  1284.293 0.290621 0.44 1317.8 33.45 

Junc 14                  1283.753 0.33938 0.51 1317.8 34 

Junc 15                  1286.099 0.18 0.27 1317.8 31.67 

Junc 16                  1287.94 0.265147 0.4 1318 30.02 

Junc 17                  1288.23 0.230904 0.35 1318.1 29.85 

Junc 18                  1292.99 0.071946 0.11 1319.8 26.76 

Junc 19                  1303.18 0.094293 0.14 1320 16.77 

Junc 20                  1304.33 0.093062 0.14 1319.7 15.34 

Junc 21                  1304.4 0.384295 0.58 1319.7 15.27 

Junc 22                  1303.88 0 0 1321.8 17.93 

Junc 23                  1302.65 0 0 1324.7 22 

Junc 24                  1290.25 0 0 1321.6 31.38 

Junc 25                  1288.44 0 0 1321.3 32.87 

Junc 26                  1289.45 0 0 1321.4 31.95 

Junc 27                  1290.862 0 0 1329.4 38.55 

Junc 28                  1296.369 0 0 1329.1 32.76 

Junc 29                  1307.68 0 0 1328.8 21.15 

Junc 30                  1300.994 0 0 1329 27.97 

Junc 31                  1290 0 0 1329.5 39.52 

Junc 32                  1311.83 0 0 1328.8 16.99 

Junc 33                  1310.18 0.650197 0.98 1326.4 16.19 

Junc 34                  1309.08 0 0 1327.2 18.16 

Junc 36                  1302.01 0 0 1328.8 26.78 

Junc 37                  1302.01 0 0 1327.5 25.51 

Junc 38                  1293.54 0 0 1328.9 35.33 

Junc 39                  1294.31 0 0 1327.8 33.45 

Junc 40                  1289.61 0 0 1329.6 40 

Junc 41                  1289.78 0 0 1329.8 40 

Junc 42                  1308.68 0 0 1327.1 18.43 

Junc 43                  1307.83 0 0 1327.4 19.52 
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Junc 44                  1303.84 0 0 1328.6 24.71 

Junc 45                  1310.18 0 0 1327.4 17.17 

Junc 46                  1289.61 0 0 1330.4 40.81 

Junc 47                  1303.84 0 0 1329.5 25.62 

Junc 48                  1311.64 0 0 1328.9 17.27 

Junc 49                  1308.68 0 0 1329.1 20.43 

Junc 50                  1307.83 0 0 1329.3 21.48 

Junc 51                  1303.88 0 0 1329.3 25.4 

Junc 53                  1289.61 0 0 1321.9 32.27 

Junc 54                  1289.61 0 0 1330.4 40.8 

Junc 56                  1316.03 0 0 1328.8 12.76 

Junc 35                  1296.82 0 0 1322.2 25.42 

Junc 52                  1296.82 0 0 1322.2 25.35 

Junc 55                  1285.59 0 0 1321 35.39 

Junc 57                  1285.59 0 0 1320.2 34.58 

Junc 58                  1285.471 0 0 1320.4 34.95 

Junc 59                  1286.303 0 0 1321.1 34.83 

Junc 60                  1283.113 0 0 1320.3 37.19 

Junc 61                  1296.82 0 0 1322.2 25.41 

Junc 62                  1283.113 1.021395 1.53 1320.3 37.2 

Junc 63                  1281.347 0.392206 0.59 1319.8 38.43 

Junc 64                  1283.137 0.115954 0.17 1319.3 36.17 

Junc 65                  1285.33 0 0 1318.9 33.56 

Junc 66                  1285.88 0 0 1318.8 32.96 

Junc 67                  1285.85 0 0 1318.8 32.97 

Junc 68                  1285.28 0 0 1318.7 33.43 

Junc 69                  1285.83 0 0 1318.6 32.77 

Junc 70                  1285.53 0 0 1318.4 32.91 

Junc 71                  1286.38 0 0 1318.4 32 

Junc 72                  1287.51 0 0 1318.4 30.87 

Junc 73                  1287.51 0 0 1318.4 30.87 

Junc 74                  1291.626 0 0 1318.5 26.9 

Junc 75                  1296.903 0 0 1318.8 21.94 

Junc 76                  1300.655 0 0 1322.8 22.11 

Junc 77                  1302.65 0 0 1324.6 21.92 

Junc 78                  1302.65 0 0 1324.6 21.96 

Junc 79                  1285.83 0 0 1320.4 34.6 

Junc 80                  1281.347 0 0 1319.8 38.43 

Junc 81                  1287.51 0 0 1321 33.51 

Junc 82                  1297.199 0 0 1322.3 25.12 

Junc 83                  1302.65 0 0 1329.6 26.95 

Resvr 

BALAJU_RES         1339.7 #N/A             -924.79 1339.7 0 
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6.3.2 Design of DNI Zone - B (A 1.9) 

The DNI-B model has been designed and the model features are prepared accordingly. DNI-B has 

been designed using the inside diameters (66.8mm, 80.4mm and 98.6mm) for HDPE PE100-PN6 

pipes and the diameters (150mm, 200mm, 300mm, 400mm, 450mm, 500mm, 550mm & 600mm) 

for DI pipes. After optimizing the pipe diameters for HDPE & DI pipes, all 289 demand nodes have 

pressure head between 20m and 40m and 3 demand nodes have pressure very close to 10m. 

The demarcation of DNI-B Boundary shown in Figure 6.3 and DNI-B Design Model at Peak 

Demand (7.00) is shown in Figure 6.4. 

The details of DNI-B/Pipe material & length/Bulk Meter, Isolation Valves, PRVs/PRVs with Set 

pressure/Location of Air Valve, Washout Valve & Fire hydrants are shown in the Tables 

6.6/6.7/6.8/6.9/6.10 respectively. 

Figure 6.3: Demarcation of DNI Zone - B Boundary 
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Table 6.8: Design of DNI Zone - B 
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Table 6.9: Details of Pipe material and length 

 
 

Table 6.10: Details of Bulk Meter/Isolation Valve/PRV’s 

DNI DMA 

# Bulk 

Meter Size of BM 

# 

Isolation 

Valve 

Size of 

IV # PRV 

Size of 

PRV From_Junc To_Junc 

B 1 1 200 3 200 1 200 1 9 

B 2 1 200 3 200 1 200 1 34 

B 3 1 200 3 200 1 150 1 10 

B 4 1 150 3 200     36 B303 

B mainline 1 300 3 300 0 0 DNI_B 35 

 

 
 

Table 6.11: Details of PRV’s with Set Pressure 

DNI DMA # PRV 
Size of 

PRV 

Set 

Pressure 

(m) 

From_Junc To_Junc 

B 1 1 200 29 1 9 

B 2 1 200 22 1 34 

B 3 1 200 32 1 10 
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Table 6.12: Details of location of Air Valve/Washout Valve/Fire Hydrant 
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Figure 6.4: DNI Zone - B Design Model at Peak Demand at 7.00 AM 
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                                                    Table 6.13:  Design of DNI B 

 Link ID                 Length           Diameter         Materials Roughness        Flow             Velocity         

Unit 

Headloss    

Friction 

Factor  

  m                mm                                  LPS              m/s              m/km                              

Pipe B001-B035           64.97 62.2 
HDPE-PE 

100 PN 9 130 -2.7 1 16.5 0 

Pipe B004-B005           42.82 62.2 
HDPE-PE 

100 PN 10 130 0.91 0 2.28 0 

Pipe B008-B007           236.27 62.2 
HDPE-PE 

100 PN 10 130 -1.6 1 6.34 0 

Pipe B008-B009           51.46 62.2 
HDPE-PE 

100 PN 10 130 -0.6 0 1.13 0 

Pipe B009-B010           33.55048 62.2 
HDPE-PE 

100 PN 10 130 0.91 0 2.25 0 

Pipe B011-B009           130.0876 62.2 
HDPE-PE 

100 PN 10 130 1.92 1 9.1 0 

Pipe B012-B011           124.3511 62.2 
HDPE-PE 

100 PN 10 130 -2.4 1 14.1 0 

Pipe B013-B012           258.9 62.2 
HDPE-PE 

100 PN 10 130 -1.6 1 6.28 0 

Pipe B014-B094           158.99 62.2 
HDPE-PE 

100 PN 10 130 1.4 0 5.07 0 

Pipe B016-B017           34.03 62.2 
HDPE-PE 

100 PN 10 130 0.34 0 0.36 0 

Pipe B023-B020           104.35 62.2 
HDPE-PE 

100 PN 10 130 0.43 0 0.57 0 

Pipe B027-B026           22.43528 150 DI 110 -0.4 0 0.01 0 

Pipe B027-B029           235.2994 150 DI 110 0.25 0 0 0.1 

Pipe B028-B232           128.7306 62.2 
HDPE-PE 

100 PN 10 130 -0.1 0 0.06 0 

Pipe B029-B030           250.68 150 DI 110 0.13 0 0 0.1 

Pipe B033-B031           114.8206 62.2 
HDPE-PE 

100 PN 10 130 -2 1 10.1 0 

Pipe B033-B032           61.57369 62.2 
HDPE-PE 

100 PN 10 130 0.13 0 0.06 0 

Pipe B034-B033           22.2324 62.2 
HDPE-PE 

100 PN 10 130 -0.1 0 0.06 0 

Pipe B035-B031           216.6075 62.2 
HDPE-PE 

100 PN 10 130 -1.9 1 9.05 0 

Pipe B035-B036           6.367488 62.2 
HDPE-PE 

100 PN 10 130 -1.3 0 4.42 0 

Pipe B036-B033           111.3819 62.2 
HDPE-PE 

100 PN 10 130 -1.7 1 6.9 0 

Pipe B036-B037           25.99384 62.2 
HDPE-PE 

100 PN 10 130 0.13 0 0.06 0 

Pipe B039-B040           29.91433 62.2 
HDPE-PE 

100 PN 10 130 2.82 1 18.4 0 

Pipe B040-B041           45.13987 62.2 
HDPE-PE 

100 PN 10 130 0.31 0 0.31 0 

Pipe B040-B042           38.99799 62.2 
HDPE-PE 

100 PN 10 130 2.16 1 11.3 0 

Pipe B042-B003           103.49 62.2 
HDPE-PE 

100 PN 10 130 -0.1 0 0.02 0 
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Pipe B042-B043           49.72544 62.2 
HDPE-PE 

100 PN 10 130 1.51 1 5.8 0 

Pipe B043-B044           36.50996 62.2 
HDPE-PE 

100 PN 10 130 0.38 0 0.45 0 

Pipe B043-B045           84.03739 62.2 
HDPE-PE 

100 PN 10 130 0.53 0 0.83 0 

Pipe B046-B007           31.91 62.2 
HDPE-PE 

100 PN 10 130 2.17 1 11.3 0 

Pipe B046-B174           49.82 62.2 
HDPE-PE 

100 PN 10 130 2.68 1 16.9 0 

Pipe B047-B046           33.15 62.2 
HDPE-PE 

100 PN 10 130 -3.6 1 29.1 0 

Pipe B047-B048           24.09216 62.2 
HDPE-PE 

100 PN 10 130 0.1 0 0.04 0 

Pipe B049-B047           37.32224 62.2 
HDPE-PE 

100 PN 10 130 -3.2 1 22.9 0 

Pipe B049-B051           5.529987 62.2 
HDPE-PE 

100 PN 10 130 2.87 1 19 0 

Pipe B050-B049           39.46407 62.2 
HDPE-PE 

100 PN 10 130 -0.1 0 0.06 0 

Pipe B051-B052           64.89604 62.2 
HDPE-PE 

100 PN 10 130 0.97 0 2.55 0 

Pipe B053-B051           27.1775 62.2 
HDPE-PE 

100 PN 10 130 -1.7 1 7.58 0 

Pipe B053-B054           51.02717 62.2 
HDPE-PE 

100 PN 10 130 0.19 0 0.13 0 

Pipe B055-B053           8.416321 62.2 
HDPE-PE 

100 PN 10 130 -1.4 0 4.97 0 

Pipe B055-B056           14.114 62.2 
HDPE-PE 

100 PN 10 130 1.52 1 5.86 0 

Pipe B056-B057           49.22856 62.2 
HDPE-PE 

100 PN 10 130 0.24 0 0.19 0 

Pipe B056-B058           21.04332 62.2 
HDPE-PE 

100 PN 10 130 1.14 0 3.47 0 

Pipe B058-B059           56.75531 62.2 
HDPE-PE 

100 PN 10 130 0.37 0 0.43 0 

Pipe B058-B060           17.16415 62.2 
HDPE-PE 

100 PN 10 130 0.65 0 1.22 0 

Pipe B060-B061           22.33186 62.2 
HDPE-PE 

100 PN 10 130 0.29 0 0.27 0 

Pipe B060-B244           32.43275 62.2 
HDPE-PE 

100 PN 10 130 0.27 0 0.24 0 

Pipe B061-B062           25.48605 62.2 
HDPE-PE 

100 PN 10 130 0.35 0 0.4 0 

Pipe B061-B063           81.81423 62.2 
HDPE-PE 

100 PN 10 130 0.78 0 1.71 0 

Pipe B061-B064           19.58222 62.2 
HDPE-PE 

100 PN 10 130 -1 0 2.56 0 

Pipe B064-B065           51.29968 62.2 
HDPE-PE 

100 PN 10 130 0.28 0 0.26 0 

Pipe B066-B064           20.30651 62.2 
HDPE-PE 

100 PN 10 130 1.43 0 5.26 0 

Pipe B066-B067           46.2987 62.2 
HDPE-PE 

100 PN 10 130 -1.4 0 4.8 0 

Pipe B066-B151           37.69695 62.2 
HDPE-PE 

100 PN 10 130 -0.2 0 0.2 0 
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Pipe B067-B068           30.62158 62.2 
HDPE-PE 

100 PN 10 130 0.21 0 0.16 0 

Pipe B067-B069           31.56686 62.2 
HDPE-PE 

100 PN 10 130 -1.9 1 9.05 0 

Pipe B069-B070           20.58935 62.2 
HDPE-PE 

100 PN 10 130 0.07 0 0.01 0 

Pipe B069-B071           22.83684 62.2 
HDPE-PE 

100 PN 10 130 -2.1 1 11.1 0 

Pipe B071-B072           26.53502 62.2 
HDPE-PE 

100 PN 10 130 -2.5 1 15.2 0 

Pipe B072-B073           27.64063 62.2 
HDPE-PE 

100 PN 10 130 0.06 0 0.01 0 

Pipe B072-B074           45.85 62.2 
HDPE-PE 

100 PN 10 130 -2.8 1 18.7 0 

Pipe B074-B075           34.58 62.2 
HDPE-PE 

100 PN 10 130 2.73 1 17.4 0 

Pipe B074-B080           95.26 62.2 
HDPE-PE 

100 PN 10 130 3.21 1 23.5 0 

Pipe B075-B077           12.79 62.2 
HDPE-PE 

100 PN 10 130 0.39 0 0.47 0 

Pipe B075-B147           77.09 62.2 
HDPE-PE 

100 PN 10 130 2.13 1 11 0 

Pipe B077-B078           22.52874 62.2 
HDPE-PE 

100 PN 10 130 0.12 0 0.05 0 

Pipe B077-B079           25.29543 62.2 
HDPE-PE 

100 PN 10 130 0.2 0 0.14 0 

Pipe B080-B091           37.4 62.2 
HDPE-PE 

100 PN 10 130 2.5 1 14.8 0 

Pipe B081-B080           38.65 62.2 
HDPE-PE 

100 PN 10 130 -0.4 0 0.46 0 

Pipe B081-B082           18.67768 62.2 
HDPE-PE 

100 PN 10 130 0.34 0 0.36 0 

Pipe B081-B083           52.77386 62.2 
HDPE-PE 

100 PN 10 130 -0.1 0 0.06 0 

Pipe B083-B008           135.75 62.2 
HDPE-PE 

100 PN 10 130 -1.3 0 4.22 0 

Pipe B083-B084           25.16614 62.2 
HDPE-PE 

100 PN 10 130 0.52 0 0.8 0 

Pipe B085-B011           85.03654 62.2 
HDPE-PE 

100 PN 10 130 -3.3 1 24.6 0 

Pipe B085-B086           24.40093 62.2 
HDPE-PE 

100 PN 10 130 1.34 0 4.67 0 

Pipe B087-B085           9.917433 62.2 
HDPE-PE 

100 PN 10 130 -1.5 1 5.85 0 

Pipe B087-B088           48.7925 62.2 
HDPE-PE 

100 PN 10 130 0.33 0 0.34 0 

Pipe B089-B087           76.0502 62.2 
HDPE-PE 

100 PN 10 130 -0.9 0 2.27 0 

Pipe B089-B091           36.0804 62.2 
HDPE-PE 

100 PN 10 130 0.53 0 0.83 0 

Pipe B090-B089           45.26086 62.2 
HDPE-PE 

100 PN 10 130 -0.2 0 0.15 0 

Pipe B091-B092           35.08 62.2 
HDPE-PE 

100 PN 10 130 2.77 1 17.8 0 

Pipe B092-B013           140.84 62.2 
HDPE-PE 

100 PN 10 130 1.03 0 2.87 0 
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Pipe B092-B093           51.94 62.2 
HDPE-PE 

100 PN 10 130 0.84 0 1.95 0 

Pipe B094-B095           33.15037 62.2 
HDPE-PE 

100 PN 10 130 2.18 1 11.5 0 

Pipe B094-B122           214.26 62.2 
HDPE-PE 

100 PN 10 130 -1.9 1 9.26 0 

Pipe B095-B096           20.17151 62.2 
HDPE-PE 

100 PN 10 130 0.98 0 2.63 0 

Pipe B095-B097           36.71518 62.2 
HDPE-PE 

100 PN 10 130 1 0 2.7 0 

Pipe B098-B018           34.94 150 
HDPE-PE 

100 PN 10 130 -5.6 0 0.92 0 

Pipe B098-B099           29.39318 62.2 
HDPE-PE 

100 PN 10 130 0.18 0 0.12 0 

Pipe B098-B108           51.96817 62.2 
HDPE-PE 

100 PN 10 130 1.45 0 5.42 0 

Pipe B100-B098           46.8092 62.2 
HDPE-PE 

100 PN 10 130 -3.8 1 31.6 0 

Pipe B100-B101           19.74592 62.2 
HDPE-PE 

100 PN 10 130 0.4 0 0.49 0 

Pipe B100-B102           48.23516 62.2 
HDPE-PE 

100 PN 10 130 3.15 1 22.7 0 

Pipe B102-B103           36.26858 62.2 
HDPE-PE 

100 PN 10 130 2.41 1 13.8 0 

Pipe B103-B104           28.83127 62.2 
HDPE-PE 

100 PN 10 130 0.62 0 1.11 0 

Pipe B103-B105           65.36933 62.2 
HDPE-PE 

100 PN 10 130 1.54 1 6.04 0 

Pipe B105-B106           5.058523 62.2 
HDPE-PE 

100 PN 10 130 0.65 0 1.24 0 

Pipe B105-B107           14.60624 62.2 
HDPE-PE 

100 PN 10 130 0.63 0 1.14 0 

Pipe B108-B109           11.73199 62.2 
HDPE-PE 

100 PN 10 130 0.34 0 0.38 0 

Pipe B108-B110           23.18084 62.2 
HDPE-PE 

100 PN 10 130 0.89 0 2.2 0 

Pipe B110-B111           24.89862 62.2 
HDPE-PE 

100 PN 10 130 0.51 0 0.77 0 

Pipe B110-B112           32.82555 62.2 
HDPE-PE 

100 PN 10 130 0.23 0 0.18 0 

Pipe B113-B019           31.26 62.2 
HDPE-PE 

100 PN 10 130 0.57 0 0.95 0 

Pipe B113-B114           47.29014 62.2 
HDPE-PE 

100 PN 10 130 0.35 0 0.38 0 

Pipe B115-B113           35.51234 62.2 
HDPE-PE 

100 PN 10 130 1.26 0 4.18 0 

Pipe B115-B116           49.24497 62.2 
HDPE-PE 

100 PN 10 130 0.49 0 0.73 0 

Pipe B117-B115           96.79065 62.2 
HDPE-PE 

100 PN 10 130 2.44 1 14.1 0 

Pipe B118-B117           108.1231 62.2 
HDPE-PE 

100 PN 10 130 -0.9 0 1.99 0 

Pipe B119-B117           20.61077 62.2 
HDPE-PE 

100 PN 10 130 4.16 1 37.9 0 

Pipe B121-B119           22.21155 62.2 
HDPE-PE 

100 PN 10 130 4.51 1 44 0 
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Pipe B122-B121           16.82 62.2 
HDPE-PE 

100 PN 10 130 5.49 2 63.5 0 

Pipe B123-B122           57.51 62.2 
HDPE-PE 

100 PN 10 130 2.46 1 14.4 0 

Pipe B123-B124           30.32 62.2 
HDPE-PE 

100 PN 10 130 0.45 0 0.6 0 

Pipe B125-B126           51.53 62.2 
HDPE-PE 

100 PN 10 130 -1.2 0 3.54 0 

Pipe B126-B128           11.85581 62.2 
HDPE-PE 

100 PN 10 130 -1.7 1 6.93 0 

Pipe B127-B125           27.84 62.2 
HDPE-PE 

100 PN 10 130 2.19 1 11.6 0 

Pipe B127-B128           56.84712 62.2 
HDPE-PE 

100 PN 10 130 0.59 0 1.02 0 

Pipe B128-B130           22.62047 62.2 
HDPE-PE 

100 PN 10 130 -1.3 0 4.59 0 

Pipe B129-B127           20.63651 62.2 
HDPE-PE 

100 PN 10 130 3.01 1 20.9 0 

Pipe B130-B129           53.59613 62.2 
HDPE-PE 

100 PN 10 130 -1.7 1 7.19 0 

Pipe B131-B129           17.76327 62.2 
HDPE-PE 

100 PN 10 130 4.81 2 49.7 0 

Pipe B131-B132           34.32684 62.2 
HDPE-PE 

100 PN 10 130 0.33 0 0.36 0 

Pipe B133-B021           126.27 62.2 
HDPE-PE 

100 PN 10 130 -2.2 1 11.4 0 

Pipe B134-B022           76.93 62.2 
HDPE-PE 

100 PN 10 130 -0.2 0 0.13 0 

Pipe B134-B133           107.3668 62.2 
HDPE-PE 

100 PN 10 130 -0.6 0 0.94 0 

Pipe B135-B134           25 62.2 
HDPE-PE 

100 PN 10 130 0 0 0 0 

Pipe B136-B135           100.03 62.2 
HDPE-PE 

100 PN 10 130 0.5 0 0.74 0 

Pipe B136-B138           28.05638 62.2 
HDPE-PE 

100 PN 10 130 0.03 0 0.01 0.1 

Pipe B137-B136           6.380659 62.2 
HDPE-PE 

100 PN 10 130 -0.2 0 0.19 0 

Pipe B137-B138           26.5562 62.2 
HDPE-PE 

100 PN 10 130 -0.1 0 0.04 0 

Pipe B138-B139           5.953868 62.2 
HDPE-PE 

100 PN 10 130 -0.3 0 0.2 0 

Pipe B139-B133           25.20937 62.2 
HDPE-PE 

100 PN 10 130 -0.6 0 1 0 

Pipe B140-B137           46.08781 62.2 
HDPE-PE 

100 PN 10 130 -0.2 0 0.13 0 

Pipe B140-B139           63.25548 62.2 
HDPE-PE 

100 PN 10 130 -0.2 0 0.13 0 

Pipe B141-B140           59.92784 62.2 
HDPE-PE 

100 PN 10 130 -0.1 0 0.06 0 

Pipe B141-B142           21.44564 62.2 
HDPE-PE 

100 PN 10 130 0.11 0 0.05 0 

Pipe B143-B141           25.60534 62.2 
HDPE-PE 

100 PN 10 130 0.3 0 0.28 0 

Pipe B143-B176           23.63848 62.2 
HDPE-PE 

100 PN 10 130 -1.2 0 3.58 0 
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Pipe B144-B143           10.47 62.2 
HDPE-PE 

100 PN 10 130 -0.7 0 1.52 0 

Pipe B144-B250           108.21 62.2 
HDPE-PE 

100 PN 10 130 0.56 0 0.93 0 

Pipe B145-B146           39.71 62.2 
HDPE-PE 

100 PN 10 130 0.3 0 0.3 0 

Pipe B148-B147           66.06 62.2 
HDPE-PE 

100 PN 10 130 -1.8 1 8.08 0 

Pipe B148-B149           4.48 62.2 
HDPE-PE 

100 PN 10 130 0.78 0 1.69 0 

Pipe B149-B150           25.36148 62.2 
HDPE-PE 

100 PN 10 130 0.15 0 0.08 0 

Pipe B149-B151           29.31468 62.2 
HDPE-PE 

100 PN 10 130 0.56 0 0.93 0 

Pipe B151-B152           49.68726 62.2 
HDPE-PE 

100 PN 10 130 0.19 0 0.12 0 

Pipe B153-B148           52.5 62.2 
HDPE-PE 

100 PN 10 130 -0.8 0 1.84 0 

Pipe B153-B154           37.68255 62.2 
HDPE-PE 

100 PN 10 130 0.13 0 0.07 0 

Pipe B157-B158           63.48 62.2 
HDPE-PE 

100 PN 10 130 0.1 0 0.04 0 

Pipe B159-B157           25.83 62.2 
HDPE-PE 

100 PN 10 130 -0.3 0 0.21 0 

Pipe B159-B160           58.99 62.2 
HDPE-PE 

100 PN 10 130 -0 0 0.01 0.1 

Pipe B160-B162           26.74 62.2 
HDPE-PE 

100 PN 10 130 -0.2 0 0.13 0 

Pipe B162-B163           34.10681 62.2 
HDPE-PE 

100 PN 10 130 0.19 0 0.12 0 

Pipe B162-B164           77.89 62.2 
HDPE-PE 

100 PN 10 130 -0.8 0 1.61 0 

Pipe B164-B055           90.86 62.2 
HDPE-PE 

100 PN 10 130 0.25 0 0.2 0 

Pipe B165-B164           61.38 62.2 
HDPE-PE 

100 PN 10 130 1.5 0 5.72 0 

Pipe B166-B167           24.58332 62.2 
HDPE-PE 

100 PN 10 130 0.49 0 0.73 0 

Pipe B168-B165           38.04 62.2 
HDPE-PE 

100 PN 10 130 1.72 1 7.38 0 

Pipe B170-B168           8.15 62.2 
HDPE-PE 

100 PN 10 130 1.85 1 8.45 0 

Pipe B170-B171           51.51 62.2 
HDPE-PE 

100 PN 10 130 0.29 0 0.28 0 

Pipe B172-B170           25.59 62.2 
HDPE-PE 

100 PN 10 130 2.24 1 12.1 0 

Pipe B174-B172           22.53 62.2 
HDPE-PE 

100 PN 10 130 2.39 1 13.6 0 

Pipe B176-B177           28.89931 62.2 
HDPE-PE 

100 PN 10 130 0.14 0 0.07 0 

Pipe B176-B178           14.24728 62.2 
HDPE-PE 

100 PN 10 130 -1.4 0 4.92 0 

Pipe B178-B179           47.23638 62.2 
HDPE-PE 

100 PN 10 130 -0.3 0 0.26 0 

Pipe B178-B187           46.47459 62.2 
HDPE-PE 

100 PN 10 130 -1.3 0 4.47 0 



102 

 

 

 

 

 

Pipe B179-B180           5.917384 62.2 
HDPE-PE 

100 PN 10 130 -0.4 0 0.4 0 

Pipe B180-B181           13.06354 62.2 
HDPE-PE 

100 PN 10 130 0.06 0 0.01 0 

Pipe B180-B182           10.60623 62.2 
HDPE-PE 

100 PN 10 130 -0.5 0 0.63 0 

Pipe B182-B183           15.9024 62.2 
HDPE-PE 

100 PN 10 130 0.1 0 0.04 0 

Pipe B182-B184           17.73726 62.2 
HDPE-PE 

100 PN 10 130 -0.6 0 1.17 0 

Pipe B184-B136           55.65629 62.2 
HDPE-PE 

100 PN 10 130 1.14 0 3.46 0 

Pipe B184-B185           95.44 62.2 
HDPE-PE 

100 PN 10 130 -1.9 1 8.69 0 

Pipe B187-B188           49.8112 62.2 
HDPE-PE 

100 PN 10 130 0.4 0 0.5 0 

Pipe B187-B189           64.69769 62.2 
HDPE-PE 

100 PN 10 130 -2.2 1 11.7 0 

Pipe B189-B190           31.94 62.2 
HDPE-PE 

100 PN 10 130 0.45 0 0.62 0 

Pipe B191-B192           28.07 62.2 
HDPE-PE 

100 PN 10 130 0.38 0 0.46 0 

Pipe B193-B191           13.78 62.2 
HDPE-PE 

100 PN 10 130 1.17 0 3.63 0 

Pipe B195-B224           67 62.2 
HDPE-PE 

100 PN 10 130 1.54 1 6.06 0 

Pipe B196-B195           45.6 62.2 
HDPE-PE 

100 PN 10 130 -2.2 1 11.5 0 

Pipe B196-B197           42.85 62.2 
HDPE-PE 

100 PN 10 130 0.39 0 0.48 0 

Pipe B196-B198           44.55 62.2 
HDPE-PE 

100 PN 10 130 1.49 0 5.64 0 

Pipe B198-B200           29.71 62.2 
HDPE-PE 

100 PN 10 130 -0.3 0 0.31 0 

Pipe B199-B198           7.19 62.2 
HDPE-PE 

100 PN 10 130 -1.6 1 6.79 0 

Pipe B200-B227           49.96 62.2 
HDPE-PE 

100 PN 10 130 -1.1 0 3.37 0 

Pipe B201-B199           7.12 62.2 
HDPE-PE 

100 PN 10 130 0.04 0 0 0 

Pipe B201-B200           42.05 62.2 
HDPE-PE 

100 PN 10 130 -0.7 0 1.38 0 

Pipe B202-B201           12.31 62.2 
HDPE-PE 

100 PN 10 130 -0.6 0 0.93 0 

Pipe B202-B203           58.44 62.2 
HDPE-PE 

100 PN 10 130 0.2 0 0.13 0 

Pipe B204-B202           24.46 62.2 
HDPE-PE 

100 PN 10 130 -0.2 0 0.13 0 

Pipe B204-B205           21.71 62.2 
HDPE-PE 

100 PN 10 130 0.29 0 0.27 0 

Pipe B204-B217           92.08 62.2 
HDPE-PE 

100 PN 10 130 -0.3 0 0.35 0 

Pipe B206-B199           68.29509 62.2 
HDPE-PE 

100 PN 10 130 -1.6 1 6.58 0 

Pipe B206-B209           13.36 62.2 
HDPE-PE 

100 PN 10 130 1.23 0 3.95 0 
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Pipe B208-B209           18.76 62.2 
HDPE-PE 

100 PN 10 130 -1 0 2.44 0 

Pipe B209-B210           24.13 62.2 
HDPE-PE 

100 PN 10 130 0.21 0 0.15 0 

Pipe B211-B208           53.53996 62.2 
HDPE-PE 

100 PN 10 130 1.06 0 3 0 

Pipe B211-B212           28.7931 62.2 
HDPE-PE 

100 PN 10 130 0.23 0 0.17 0 

Pipe B211-B213           15.82455 62.2 
HDPE-PE 

100 PN 10 130 -1.4 0 5.13 0 

Pipe B213-B217           39.00736 62.2 
HDPE-PE 

100 PN 10 130 -1.8 1 8.29 0 

Pipe B214-B213           40.34504 62.2 
HDPE-PE 

100 PN 10 130 -0.2 0 0.18 0 

Pipe B215-B216           29.69 62.2 
HDPE-PE 

100 PN 10 130 0.21 0 0.16 0 

Pipe B217-B218           51.33 62.2 
HDPE-PE 

100 PN 10 130 -2.7 1 17.1 0 

Pipe B218-B215           53.78 150 DI 110 -2.4 0 0.25 0 

Pipe B220-B219           100.55 62.2 
HDPE-PE 

100 PN 10 130 -0.8 0 1.76 0 

Pipe B221-B220           31.79315 62.2 
HDPE-PE 

100 PN 10 130 -1 0 2.57 0 

Pipe B221-B222           20.45103 62.2 
HDPE-PE 

100 PN 10 130 0.29 0 0.28 0 

Pipe B223-B220           78.54534 62.2 
HDPE-PE 

100 PN 10 130 0.77 0 1.66 0 

Pipe B224-B223           87.60468 62.2 
HDPE-PE 

100 PN 10 130 -0.4 0 0.49 0 

Pipe B224-B225           15.68353 62.2 
HDPE-PE 

100 PN 10 130 1.6 1 6.46 0 

Pipe B225-B226           36.43029 62.2 
HDPE-PE 

100 PN 10 130 0.15 0 0.09 0 

Pipe B225-B227           19.45464 62.2 
HDPE-PE 

100 PN 10 130 1.35 0 4.72 0 

Pipe B227-B228           4.650181 62.2 
HDPE-PE 

100 PN 10 130 0.17 0 0.1 0 

Pipe B228-B221           31.8479 62.2 
HDPE-PE 

100 PN 10 130 -0.5 0 0.75 0 

Pipe B228-B229           47.55402 62.2 
HDPE-PE 

100 PN 10 130 0.56 0 0.93 0 

Pipe B231-B232           92.81 62.2 
HDPE-PE 

100 PN 10 130 -0 0 0 0 

Pipe B233-B237           67.63 62.2 
HDPE-PE 

100 PN 10 130 0.77 0 1.67 0 

Pipe B234-B235           25.87 62.2 
HDPE-PE 

100 PN 10 130 0.48 0 0.68 0 

Pipe B238-B239           64.27 62.2 
HDPE-PE 

100 PN 10 130 -0.7 0 1.48 0 

Pipe B241-B240           63.61 62.2 
HDPE-PE 

100 PN 10 130 -0.2 0 0.18 0 

Pipe B242-B006           58.53 62.2 
HDPE-PE 

100 PN 10 130 -0.5 0 0.75 0 

Pipe B250-B120           81.122 62.2 
HDPE-PE 

100 PN 10 130 0.61 0 1.1 0 

Pipe B250-B121           50.64247 62.2 HDPE-PE 130 -0.8 0 1.61 0 
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100 PN 10 

Pipe B001-B002           15.56 62.2 
HDPE-PE 

100 PN 10 130 2.12 1 10.9 0 

Pipe B240-B262           91.41 62.2 
HDPE-PE 

100 PN 10 130 0 0 0 0 

Pipe B135-B263           26.27 62.2 
HDPE-PE 

100 PN 10 130 0 0 0 0 

Pipe B208-B261           112.91 62.2 
HDPE-PE 

100 PN 10 130 1.7 1 7.23 0 

Pipe B166-B264           12.75 62.2 
HDPE-PE 

100 PN 10 130 -1.7 1 7.24 0 

Pipe B145-B268           14.83 62.2 
HDPE-PE 

100 PN 10 130 0 0 0 0 

Pipe B194-B186           32.89 62.2 
HDPE-PE 

100 PN 10 130 -1.7 1 7.38 0 

Pipe B236-B186           52.78 62.2 
HDPE-PE 

100 PN 10 130 -3 1 20.7 0 

Pipe B236-B239           72.16 62.2 
HDPE-PE 

100 PN 10 130 2.48 1 14.5 0 

Pipe B239-B240           39.04 62.2 
HDPE-PE 

100 PN 10 130 1.11 0 3.29 0 

Pipe B194-B193           111.75 62.2 
HDPE-PE 

100 PN 10 130 1.25 0 4.1 0 

Pipe B272-B273           22.39 62.2 
HDPE-PE 

100 PN 10 130 0 0 0 0 

Pipe B271-B272           36.74 62.2 
HDPE-PE 

100 PN 10 130 0.62 0 1.11 0 

Pipe B271-B191           34.58 62.2 
HDPE-PE 

100 PN 10 130 -0.6 0 1.11 0 

Pipe B267-B269           12.55 62.2 
HDPE-PE 

100 PN 10 130 1.69 1 7.12 0 

Pipe B131-B276           29.32 62.2 
HDPE-PE 

100 PN 10 130 -5.3 2 60.3 0 

Pipe B076-B278           60.33 62.2 
HDPE-PE 

100 PN 10 130 -0.6 0 1.12 0 

Pipe B276-B278           32.19 62.2 
HDPE-PE 

100 PN 10 130 0.5 0 0.76 0 

Pipe B278-B279           77.44 62.2 
HDPE-PE 

100 PN 10 130 -0.1 0 0.05 0 

Pipe B145-B279           15.43 62.2 
HDPE-PE 

100 PN 10 130 -0.5 0 0.74 0 

Pipe B279-B280           65.45 62.2 
HDPE-PE 

100 PN 10 130 -0.6 0 1.11 0 

Pipe B272-B280           75.81 62.2 
HDPE-PE 

100 PN 10 130 0.62 0 1.11 0 

Pipe B153-B157           36.69 62.2 
HDPE-PE 

100 PN 10 130 0.48 0 0.69 0 

Pipe B024-B281           60.1 62.2 
HDPE-PE 

100 PN 10 130 1.79 1 7.95 0 

Pipe B281-B282           35.9 62.2 
HDPE-PE 

100 PN 10 130 1.79 1 7.95 0 

Pipe B282-B283           71.44 62.2 
HDPE-PE 

100 PN 10 130 1.79 1 7.95 0 

Pipe B230-B283           219.58 62.2 
HDPE-PE 

100 PN 10 130 -0.9 0 2.4 0 

Pipe B283-B284           49.43 62.2 HDPE-PE 130 0.85 0 2.01 0 
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100 PN 10 

Pipe B284-B285           30.07 62.2 
HDPE-PE 

100 PN 10 130 0.85 0 2.01 0 

Pipe B223-B285           54.41 62.2 
HDPE-PE 

100 PN 10 130 -1.8 1 8.02 0 

Pipe B285-B286           116.33 62.2 
HDPE-PE 

100 PN 10 130 -1 0 2.44 0 

Pipe B195-B286           10.25 62.2 
HDPE-PE 

100 PN 10 130 -4 1 34.9 0 

Pipe B286-B287           48.97 62.2 
HDPE-PE 

100 PN 10 130 2.22 1 11.8 0 

Pipe B287-B288           60.97 62.2 
HDPE-PE 

100 PN 10 130 2.22 1 11.8 0 

Pipe B161-B288           16.52 62.2 
HDPE-PE 

100 PN 10 130 -0.3 0 0.37 0 

Pipe B288-B289           27.01 62.2 
HDPE-PE 

100 PN 10 130 1.88 1 8.68 0 

Pipe B289-B291           72.43 62.2 
HDPE-PE 

100 PN 10 130 1.88 1 8.69 0 

Pipe B291-B290           62.02 62.2 
HDPE-PE 

100 PN 10 130 1.88 1 8.68 0 

Pipe B166-B290           5.24 62.2 
HDPE-PE 

100 PN 10 130 1.07 0 3.07 0 

Pipe B290-B292           38.33 62.2 
HDPE-PE 

100 PN 10 130 2.95 1 20.1 0 

Pipe B292-B169           27.32 62.2 
HDPE-PE 

100 PN 10 130 0.43 0 0.57 0 

Pipe B292-B293           33.42 62.2 
HDPE-PE 

100 PN 10 130 2.52 1 15 0 

Pipe B173-B293           29.99 62.2 
HDPE-PE 

100 PN 10 130 -0.3 0 0.34 0 

Pipe B293-B294           24.36 62.2 
HDPE-PE 

100 PN 10 130 2.19 1 11.6 0 

Pipe B294-B295           52.72 62.2 
HDPE-PE 

100 PN 10 130 1.81 1 8.11 0 

Pipe B294-B175           46.95 62.2 
HDPE-PE 

100 PN 10 130 0.38 0 0.46 0 

Pipe B295-B270           28.34 62.2 
HDPE-PE 

100 PN 10 130 1.81 1 8.11 0 

Pipe B185-B186           56.48 62.2 
HDPE-PE 

100 PN 10 130 -2.5 1 14.9 0 

Pipe B186-B189           35.93 62.2 
HDPE-PE 

100 PN 10 130 3.01 1 20.8 0 

Pipe B264-B261           6.49 62.2 
HDPE-PE 

100 PN 10 130 -1.7 1 7.22 0 

Pipe B303-B026           121.28 150 DI 110 0.51 0 0.01 0.1 

Pipe B024-B234           84.12 62.2 
HDPE-PE 

100 PN 10 130 2.72 1 17.3 0 

Pipe B234-B233           55.02 62.2 
HDPE-PE 

100 PN 10 130 1.69 1 7.11 0 

Pipe B233-B231           48.8 62.2 
HDPE-PE 

100 PN 10 130 0.25 0 0.21 0 

Pipe B231-B230           8.73 62.2 
HDPE-PE 

100 PN 10 130 -0.1 0 0.02 0 

Pipe B230- 77.05 62.2 
HDPE-PE 

100 PN 10 130 0.3 0 0.28 0 



106 

 

 

 

 

 

B219R          

Pipe B219-

B218R          89.97 62.2 
HDPE-PE 

100 PN 10 130 -1.3 0 4.29 0 

Pipe B218-

B215R          53.28 62.2 
HDPE-PE 

100 PN 10 130 4.2 1 38.5 0 

Pipe B215-

B039R          73.83 62.2 
HDPE-PE 

100 PN 10 130 3.72 1 30.9 0 

Pipe B039-B038           26.4 62.2 
HDPE-PE 

100 PN 10 130 0.57 0 0.96 0 

Pipe B038-B002           187.49 62.2 
HDPE-PE 

100 PN 10 130 0.22 0 0.16 0 

Pipe B002-B003           111.15 62.2 
HDPE-PE 

100 PN 10 130 1.84 1 8.39 0 

Pipe B003-B004           92.19 62.2 
HDPE-PE 

100 PN 10 130 0.77 0 1.69 0 

Pipe B004-B006           68.88 62.2 
HDPE-PE 

100 PN 10 130 -0.7 0 1.32 0 

Pipe B006-

B265R          26.46 62.2 
HDPE-PE 

100 PN 10 130 -1.8 1 8.11 0 

Pipe B265-

B266R          11.05 62.2 
HDPE-PE 

100 PN 10 130 -1.8 1 8.11 0 

Pipe B266-

B270R          56.26 62.2 
HDPE-PE 

100 PN 10 130 -1.8 1 8.11 0 

Pipe B267-

B274R          57.37 62.2 
HDPE-PE 

100 PN 10 130 -1.7 1 7.12 0 

Pipe B310-B269           195.63 62.2 
HDPE-PE 

100 PN 10 130 -1.7 1 7.12 0 

Pipe B015-

B014R          70.97 62.2 
HDPE-PE 

100 PN 10 130 -2.5 1 14.9 0 

Pipe B241-B260           148.83 62.2 
HDPE-PE 

100 PN 10 130 -0.8 0 1.91 0 

Pipe B260-

B022R          37.21 62.2 
HDPE-PE 

100 PN 10 130 -0.8 0 1.9 0 

Pipe B022-

B021R          187.61 62.2 
HDPE-PE 

100 PN 10 130 -1.8 1 8.14 0 

Pipe B021-B023           43.98 62.2 
HDPE-PE 

100 PN 10 130 4.5 1 43.9 0 

Pipe B023-B019           92.07 62.2 
HDPE-PE 

100 PN 10 130 3.75 1 31.2 0 

Pipe B019-

B018R          172.75 62.2 
HDPE-PE 

100 PN 10 130 4.03 1 35.8 0 

Pipe B018-

B016R          49.65 62.2 
HDPE-PE 

100 PN 10 130 -1.8 1 7.97 0 

Pipe B016-

B015R          59.38 62.2 
HDPE-PE 

100 PN 10 130 -2.3 1 12.8 0 

Pipe B232-B233           37.57 62.2 
HDPE-PE 

100 PN 10 130 -0.3 0 0.27 0 

Pipe B125-B123           17.3 62.2 
HDPE-PE 

100 PN 10 130 3.15 1 22.7 0 

Pipe Tank_Out-

DNI_B      411.54 500 DI 110 322 2 6.36 0 

Pipe Pump_Out-

STUPA      215.76 700 DI 110 685 2 4.99 0 
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Pipe 

Balaju_Reservoir-

B304 1248.37 600 DI 110 0 0 0 0 

Pipe B304-B305           573.78 600 DI 110 0 0 0 0 

Pipe B305-

Graveyard      635.57 600 DI 110 0 0 0 0 

Pipe B296-

To_A1.10       49.93 400 DI 110 233 2 10.3 0 

Pipe DNI_B-

B296          683.05 450 DI 110 233 1 5.8 0 

Pipe STUPA-

Tank_Out      342.29 550 DI 110 375 2 5.28 0 

Pipe DNI_B-

B303          26.98 150 DI 110 0.51 0 0.02 0.1 

Pipe B218-B031           28.06 62.2 
HDPE-PE 

100 PN 10 130 4.42 1 42.4 0 

Pipe Tank_Out-

DNI_C      14.05 200 DI 110 52.5 2 19.1 0 

Pipe B013-B274           11.44 62.2 
HDPE-PE 

100 PN 10 130 1.69 1 7.13 0 

Pipe 1                   222.31 200 DI 110 31.9 1 7.6 0 

Pipe 2                   195.05 200 DI 110 31.9 1 7.6 0 

Pipe 3                   226.49 150 DI 110 16.2 1 8.79 0 

Pipe 4                   222.34 150 DI 110 -9.5 1 3.27 0 

Pipe 5                   4.19 300 DI 110 89.9 1 7.21 0 

Pipe 6                   146.46 150 DI 110 -9.5 1 3.27 0 

Pipe 7                   194.34 150 DI 110 -5.7 0 1.26 0 

Pipe 8                   162.56 150 DI 110 2.35 0 0.25 0 

Pipe 9                   163.12 150 DI 110 14.6 1 7.27 0 

Pipe 10                  240.23 150 DI 110 2.35 0 0.25 0 

Pipe 11                  210.02 150 DI 110 14.6 1 7.27 0 

Pipe 13                  368.48 150 DI 110 -2.4 0 0.25 0 

Pipe 14                  194.33 150 DI 110 2.35 0 0.25 0 

Pipe 15                  26.95 150 DI 110 2.35 0 0.25 0 

Pipe 16                  70.4 150 DI 110 2.35 0 0.25 0 

Pipe 17                  364.47 150 DI 110 -11 1 4.1 0 

Pipe 18                  1.23 150 DI 110 8.66 0 2.66 0 

Pipe 19                  49.32 150 DI 110 2.35 0 0.25 0 

Pipe 20                  1.44 150 DI 110 7.14 0 1.96 0 

Pipe 21                  377.71 150 DI 110 13.5 1 6.3 0 

Pipe 22                  136.14 150 DI 110 3.44 0 0.5 0 

Pipe 23                  359.95 150 DI 110 3.44 0 0.5 0 

Pipe 24                  381.62 150 DI 110 -2.9 0 0.36 0 

Pipe 25                  378 150 DI 110 -3.4 0 0.5 0 

Pipe 26                  377.8 62.2 
HDPE-PE 

100 PN 10 130 3.11 1 22.1 0 

Pipe 27                  174.77 150 DI 110 2.89 0 0.36 0 

Pipe 28                  175.49 150 DI 110 5.66 0 1.26 0 
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Pipe 29                  177.61 62.2 
HDPE-PE 

100 PN 10 130 -0.5 0 0.76 0 

Pipe 30                  0.88 150 DI 110 14.4 1 6.93 0 

Pipe 31                  1.41 150 DI 110 9.05 1 3.06 0 

Pipe 32                  290.61 150 DI 110 -17 1 9.92 0 

Pipe 33                  289.16 150 DI 110 5.66 0 1.26 0 

Pipe 37                  278.57 150 DI 110 2.89 0 0.36 0 

Pipe 38                  387.31 150 DI 110 2.89 0 0.36 0 

Pipe 39                  420.29 150 DI 110 -5.9 0 1.35 0 

Pipe 40                  2.56 150 DI 110 4.76 0 0.93 0 

Pipe 41                  1.93 150 DI 110 10.5 1 4.01 0 

Pipe 42                  4.67 150 DI 110 9.29 1 3.16 0 

Pipe 43                  3.89 150 DI 110 9.1 1 3.02 0 

Pipe 44                  32.65 150 DI 110 5.89 0 1.35 0 

Pipe 45                  1.56 150 DI 110 8.72 0 2.86 0 

Pipe 46                  3.13 150 DI 110 8.78 1 2.81 0 

Pipe 48                  1.31 300 DI 110 89.4 1 7.04 0 

Pipe 49                  3.18 150 DI 110 0.51 0 0 0 

Pipe 36                  2.52 200 DI 110 31.9 1 7.56 0 

Pump Pump                #N/A             #N/A               #N/A             685 0 -84.1 0 

Valve 12                 #N/A             200   #N/A             27.8 1 33.9 0 

Valve 34                 #N/A             200   #N/A             29.7 1 30.9 0 

Valve 35                 #N/A             200   #N/A             31.9 1 40.9 0 

      

      Table 6.13a.Details of Pressure for DNI B 

  

 Node ID                 Elevation        

Base 

Demand      Demand           Head             Pressure         

  m                LPS              LPS              m                m                

Junc B001                1333.277 0.358 0.54 1350.92 17.6 

Junc B002                1332.963 0.329 0.49 1350.75 17.8 

Junc B003                1329.744 0.663 0.99 1349.81 20.1 

Junc B004                1330.099 0.362 0.54 1349.66 19.6 

Junc B005                1329.987 0.607 0.91 1349.56 19.6 

Junc B006                1330.647 0.421 0.63 1349.75 19.1 

Junc B007                1329.283 0.389 0.58 1343.36 14.1 

Junc B008                1312.466 0.623 0.93 1341.86 29.4 

Junc B009                1307.557 0.264 0.4 1341.92 34.4 

Junc B010                1307.299 0.604 0.91 1341.84 34.5 

Junc B011                1303.393 0.752 1.13 1343.1 39.7 

Junc B012                1302.73 0.576 0.86 1341.35 38.6 

Junc B013                1299.14 0.615 0.92 1339.72 40.6 

Junc B014                1313.84 0.4 0.6 1348.45 34.6 

Junc B015                1312.73 0.132 0.2 1347.4 34.7 

Junc B016                1313.3 0.119 0.18 1346.64 33.3 
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Junc B017                1314.125 0.226 0.34 1346.63 32.5 

Junc B018                1313.36 0.121 0.18 1346.25 32.9 

Junc B019                1313.43 0.189 0.28 1352.43 39 

Junc B020                1314.786 0.287 0.43 1355.24 40.5 

Junc B021                1312.77 0.533 0.8 1357.23 44.5 

Junc B022                1318.87 0.527 0.79 1355.71 36.8 

Junc B023                1312.98 0.218 0.33 1355.3 42.3 

Junc B024                1326.26 0.165 0.25 1356.63 30.4 

Junc DNI_B               1327.63 0 0 1390.56 62.9 

Junc B026                1336.05 0.085 0.13 1390.53 54.5 

Junc B027                1337.16 0.085 0.13 1390.53 53.4 

Junc B028                1334.532 0.085 0.13 1354.76 20.2 

Junc B029                1358.41 0.085 0.13 1390.53 32.1 

Junc B030                1375.82 0.085 0.13 1390.53 14.7 

Junc B031                1328.97 0.306 0.46 1353.95 25 

Junc B032                1339.61 0.085 0.13 1352.78 13.2 

Junc B033                1334.576 0.085 0.13 1352.78 18.2 

Junc B034                1339.869 0.085 0.13 1352.78 12.9 

Junc B035                1333.01 0.381 0.57 1351.99 19 

Junc B036                1332.92 0.149 0.22 1352.02 19.1 

Junc B037                1333.394 0.085 0.13 1352.01 18.6 

Junc B038                1328.26 0.234 0.35 1350.78 22.5 

Junc B039                1327.19 0.222 0.33 1350.8 23.6 

Junc B040                1326.64 0.233 0.35 1350.25 23.6 

Junc B041                1326.094 0.207 0.31 1350.24 24.1 

Junc B042                1327.03 0.481 0.72 1349.81 22.8 

Junc B043                1327.244 0.4 0.6 1349.52 22.3 

Junc B044                1326.923 0.254 0.38 1349.51 22.6 

Junc B045                1323.751 0.352 0.53 1349.45 25.7 

Junc B046                1328.15 0.177 0.27 1343.72 15.6 

Junc B047                1327.34 0.224 0.34 1342.76 15.4 

Junc B048                1327.3 0.065 0.1 1342.75 15.5 

Junc B049                1326.75 0.116 0.17 1341.9 15.2 

Junc B050                1327.3 0.088 0.13 1341.9 14.6 

Junc B051                1325.45 0.102 0.15 1341.79 16.3 

Junc B052                1321.371 0.645 0.97 1341.63 20.3 

Junc B053                1323.31 0.112 0.17 1341.59 18.3 

Junc B054                1319.503 0.126 0.19 1341.58 22.1 

Junc B055                1322.32 0.078 0.12 1341.55 19.2 

Junc B056                1321.24 0.089 0.13 1341.46 20.2 

Junc B057                1318.78 0.16 0.24 1341.45 22.7 

Junc B058                1319.41 0.08 0.12 1341.39 22 

Junc B059                1315.769 0.248 0.37 1341.37 25.6 

Junc B060                1318.02 0.061 0.09 1341.37 23.4 
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Junc B061                1313.44 0.083 0.12 1341.36 27.9 

Junc B062                1314.74 0.236 0.35 1341.35 26.6 

Junc B063                1314.145 0.52 0.78 1341.22 27.1 

Junc B064                1312.53 0.119 0.18 1341.41 28.9 

Junc B065                1314.422 0.189 0.28 1341.4 27 

Junc B066                1311.78 0.116 0.17 1341.52 29.7 

Junc B067                1310.713 0.229 0.34 1341.74 31 

Junc B068                1311.84 0.142 0.21 1341.74 29.9 

Junc B069                1309.284 0.1 0.15 1342.03 32.7 

Junc B070                1309.874 0.045 0.07 1342.03 32.2 

Junc B071                1308.942 0.27 0.41 1342.28 33.3 

Junc B072                1309.309 0.162 0.24 1342.68 33.4 

Junc B073                1310.348 0.038 0.06 1342.68 32.3 

Junc B074                1312.21 0.174 0.26 1343.54 31.3 

Junc B075                1313.03 0.144 0.22 1342.94 29.9 

Junc B076                1320.546 0.415 0.62 1356.57 36 

Junc B077                1313.03 0.045 0.07 1342.94 29.9 

Junc B078                1311.58 0.078 0.12 1342.93 31.4 

Junc B079                1312.423 0.136 0.2 1342.93 30.5 

Junc B080                1308.12 0.218 0.33 1341.3 33.2 

Junc B081                1307.12 0.122 0.18 1341.29 34.2 

Junc B082                1307.23 0.224 0.34 1341.28 34.1 

Junc B083                1306.12 0.411 0.62 1341.29 35.2 

Junc B084                1306.131 0.346 0.52 1341.27 35.1 

Junc B085                1303.923 0.29 0.44 1341.01 37.1 

Junc B086                1303.361 0.895 1.34 1340.9 37.5 

Junc B087                1304.124 0.185 0.28 1340.95 36.8 

Junc B088                1305.076 0.218 0.33 1340.94 35.9 

Junc B089                1305.45 0.116 0.17 1340.78 35.3 

Junc B090                1306.23 0.139 0.21 1340.77 34.5 

Junc B091                1306.77 0.176 0.26 1340.75 34 

Junc B092                1306.89 0.598 0.9 1340.12 33.2 

Junc B093                1304.841 0.558 0.84 1340.02 35.2 

Junc B094                1319.98 0.775 1.16 1336.94 17 

Junc B095                1315.872 0.134 0.2 1336.56 20.7 

Junc B096                1313.091 0.656 0.98 1336.51 23.4 

Junc B097                1315.04 0.666 1 1336.46 21.4 

Junc B098                1314.632 0.155 0.23 1346.22 31.6 

Junc B099                1314.429 0.122 0.18 1346.21 31.8 

Junc B100                1317.08 0.145 0.22 1344.74 27.7 

Junc B101                1317.292 0.265 0.4 1344.73 27.4 

Junc B102                1319.034 0.497 0.75 1343.64 24.6 

Junc B103                1319.243 0.166 0.25 1343.14 23.9 

Junc B104                1319.776 0.412 0.62 1343.11 23.3 
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Junc B105                1321.493 0.177 0.27 1342.75 21.3 

Junc B106                1321.625 0.434 0.65 1342.74 21.1 

Junc B107                1321.755 0.417 0.63 1342.73 21 

Junc B108                1314.806 0.144 0.22 1345.93 31.1 

Junc B109                1314.822 0.23 0.34 1345.93 31.1 

Junc B110                1315.93 0.105 0.16 1345.88 30 

Junc B111                1315.882 0.338 0.51 1345.86 30 

Junc B112                1318.261 0.153 0.23 1345.88 27.6 

Junc B113                1314.89 0.232 0.35 1352.46 37.6 

Junc B114                1313.965 0.232 0.35 1352.44 38.5 

Junc B115                1316.09 0.456 0.68 1352.61 36.5 

Junc B116                1315.583 0.329 0.49 1352.57 37 

Junc B117                1322.19 0.58 0.87 1353.97 31.8 

Junc B118                1323.925 0.564 0.85 1353.76 29.8 

Junc B119                1325.49 0.233 0.35 1354.76 29.3 

Junc B120                1334.068 0.41 0.61 1355.56 21.5 

Junc B121                1323.97 0.153 0.23 1355.73 31.8 

Junc B122                1323.5 0.346 0.52 1338.93 15.4 

Junc B123                1322.523 0.161 0.24 1339.75 17.2 

Junc B124                1321.623 0.297 0.45 1339.73 18.1 

Junc B125                1321.118 0.134 0.2 1340.14 19 

Junc B126                1318.568 0.337 0.51 1340.33 21.8 

Junc B127                1318.311 0.152 0.23 1340.47 22.2 

Junc B128                1317.291 0.174 0.26 1340.41 23.1 

Junc B129                1315.323 0.071 0.11 1340.9 25.6 

Junc B130                1314.339 0.242 0.36 1340.51 26.2 

Junc B131                1314.346 0.13 0.19 1341.78 27.4 

Junc B132                1312.176 0.222 0.33 1341.77 29.6 

Junc B133                1322.94 0.682 1.02 1355.8 32.9 

Junc B134                1336.142 0.508 0.76 1355.7 19.6 

Junc B135                1340.451 0.329 0.49 1355.7 15.3 

Junc B136                1335.053 0.262 0.39 1355.77 20.7 

Junc B137                1335.014 0.087 0.13 1355.77 20.8 

Junc B138                1330.893 0.114 0.17 1355.77 24.9 

Junc B139                1329.984 0.096 0.14 1355.77 25.8 

Junc B140                1337.296 0.171 0.26 1355.76 18.5 

Junc B141                1326.46 0.212 0.32 1355.76 29.3 

Junc B142                1326.4 0.074 0.11 1355.76 29.4 

Junc B143                1325.68 0.088 0.13 1355.77 30.1 

Junc B144                1321.21 0.115 0.17 1355.75 34.5 

Junc B145                1317.3 0.13 0.19 1356.63 39.3 

Junc B146                1314.923 0.202 0.3 1356.62 41.7 

Junc B147                1316.66 0.215 0.32 1342.1 25.4 

Junc B148                1312.8 0.145 0.22 1341.56 28.8 
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Junc B149                1312.8 0.039 0.06 1341.55 28.8 

Junc B150                1312.296 0.103 0.15 1341.55 29.3 

Junc B151                1311.54 0.088 0.13 1341.53 30 

Junc B152                1312.32 0.125 0.19 1341.52 29.2 

Junc B153                1311.957 0.134 0.2 1341.47 29.5 

Junc B154                1311.86 0.089 0.13 1341.46 29.6 

Junc B157                1312.687 0.087 0.13 1341.44 28.8 

Junc B158                1313.627 0.064 0.1 1341.44 27.8 

Junc B159                1314.011 0.194 0.29 1341.44 27.4 

Junc B160                1313.397 0.104 0.16 1341.44 28 

Junc B161                1314.284 0.227 0.34 1354.11 39.8 

Junc B162                1315.223 0.248 0.37 1341.44 26.2 

Junc B163                1313.964 0.124 0.19 1341.43 27.5 

Junc B164                1321.938 0.332 0.5 1341.56 19.6 

Junc B165                1321.801 0.147 0.22 1341.92 20.1 

Junc B166                1321.603 0.09 0.14 1352.73 31.1 

Junc B167                1319.643 0.328 0.49 1352.72 33.1 

Junc B168                1324.079 0.087 0.13 1342.2 18.1 

Junc B169                1324.794 0.287 0.43 1351.93 27.1 

Junc B170                1324.648 0.067 0.1 1342.27 17.6 

Junc B171                1324.371 0.194 0.29 1342.25 17.9 

Junc B172                1326.579 0.098 0.15 1342.57 16 

Junc B173                1326.261 0.218 0.33 1351.44 25.2 

Junc B174                1327.056 0.198 0.3 1342.88 15.8 

Junc B175                1327.778 0.256 0.38 1351.15 23.4 

Junc B176                1325.92 0.052 0.08 1355.85 29.9 

Junc B177                1319.77 0.093 0.14 1355.85 36.1 

Junc B178                1326.77 0.142 0.21 1355.92 29.2 

Junc B179                1331.226 0.053 0.08 1355.93 24.7 

Junc B180                1331.731 0.026 0.04 1355.94 24.2 

Junc B181                1334.933 0.037 0.06 1355.94 21 

Junc B182                1332.973 0.052 0.08 1355.94 23 

Junc B183                1335.801 0.067 0.1 1355.94 20.1 

Junc B184                1335.554 0.067 0.1 1355.96 20.4 

Junc B185                1340.837 0.42 0.63 1356.79 16 

Junc B186                1330.24 0.193 0.29 1357.63 27.4 

Junc B187                1328.76 0.325 0.49 1356.13 27.4 

Junc B188                1336.427 0.267 0.4 1356.11 19.7 

Junc B189                1330.41 0.238 0.36 1356.88 26.5 

Junc B190                1323.175 0.302 0.45 1356.86 33.7 

Junc B191                1315.144 0.114 0.17 1356.88 41.7 

Junc B192                1319.269 0.255 0.38 1356.87 37.6 

Junc B193                1316.05 0.054 0.08 1356.93 40.9 

Junc B194                1326.35 0.311 0.47 1357.39 31 
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Junc B195                1316.219 0.163 0.24 1355.06 38.8 

Junc B196                1315.732 0.205 0.31 1354.54 38.8 

Junc B197                1316.952 0.261 0.39 1354.52 37.6 

Junc B198                1315.97 0.102 0.15 1354.29 38.3 

Junc B199                1316.202 0.042 0.06 1354.24 38 

Junc B200                1317.415 0.081 0.12 1354.3 36.9 

Junc B201                1316.51 0.065 0.1 1354.24 37.7 

Junc B202                1317.073 0.113 0.17 1354.23 37.2 

Junc B203                1319.546 0.131 0.2 1354.22 34.7 

Junc B204                1318.086 0.157 0.24 1354.22 36.1 

Junc B205                1317.499 0.193 0.29 1354.22 36.7 

Junc B206                1320.51 0.259 0.39 1353.79 33.3 

Junc B208                1321.964 0.203 0.3 1353.69 31.7 

Junc B209                1320.64 0.047 0.07 1353.74 33.1 

Junc B210                1320.954 0.14 0.21 1353.73 32.8 

Junc B211                1321.582 0.086 0.13 1353.85 32.3 

Junc B212                1323.648 0.15 0.23 1353.85 30.2 

Junc B213                1321.2 0.124 0.19 1353.93 32.7 

Junc B214                1322.846 0.155 0.23 1353.93 31.1 

Junc B215                1328.21 0.173 0.26 1353.08 24.9 

Junc B216                1323.824 0.143 0.21 1353.08 29.3 

Junc B217                1319.956 0.363 0.54 1354.26 34.3 

Junc B218                1329.22 0.316 0.47 1355.13 25.9 

Junc B219                1330.05 0.524 0.79 1354.75 24.7 

Junc B220                1326.818 0.391 0.59 1354.57 27.8 

Junc B221                1324.92 0.122 0.18 1354.49 29.6 

Junc B222                1324.37 0.193 0.29 1354.48 30.1 

Junc B223                1325.996 0.422 0.63 1354.7 28.7 

Junc B224                1320.922 0.227 0.34 1354.66 33.7 

Junc B225                1321.244 0.066 0.1 1354.56 33.3 

Junc B226                1317.354 0.101 0.15 1354.55 37.2 

Junc B227                1322.035 0.039 0.06 1354.47 32.4 

Junc B228                1322.227 0.069 0.1 1354.46 32.2 

Junc B229                1323.796 0.375 0.56 1354.42 30.6 

Junc B230                1329.56 0.38 0.57 1354.77 25.2 

Junc B231                1329.47 0.236 0.35 1354.77 25.3 

Junc B232                1329.14 0.085 0.13 1354.77 25.6 

Junc B233                1328.96 0.253 0.38 1354.78 25.8 

Junc B234                1329.21 0.376 0.56 1355.17 26 

Junc B235                1328.342 0.317 0.48 1355.15 26.8 

Junc B236                1329.37 0.348 0.52 1356.54 27.2 

Junc B237                1327.125 0.513 0.77 1354.67 27.5 

Junc B238                1338.297 0.482 0.72 1355.4 17.1 

Junc B239                1328.12 0.429 0.64 1355.49 27.4 



114 

 

 

 

 

 

Junc B240                1327.16 0.586 0.88 1355.36 28.2 

Junc B241                1326.15 0.706 1.06 1355.35 29.2 

Junc B242                1328.663 0.332 0.5 1349.71 21 

Junc B244                1316.541 0.181 0.27 1341.36 24.8 

Junc B250                1326.38 0.469 0.7 1355.65 29.3 

Junc B260                1318.08 0 0 1355.64 37.6 

Junc B261                1322.408 0 0 1352.87 30.5 

Junc B262                1338.575 0 0 1355.36 16.8 

Junc B263                1340.147 0 0 1355.7 15.6 

Junc B264                1322.107 0 0 1352.83 30.7 

Junc B265                1330.439 0 0 1349.96 19.5 

Junc B266                1329.367 0 0 1350.05 20.7 

Junc B267                1301.66 0 0 1339.23 37.6 

Junc B268                1318.9 0 0 1356.63 37.7 

Junc B269                1303.16 0 0 1339.14 36 

Junc B270                1329.283 0 0 1350.51 21.2 

Junc B271                1314 0 0 1356.84 42.8 

Junc B272                1312.519 0 0 1356.8 44.3 

Junc B273                1312.245 0 0 1356.8 44.6 

Junc B274                1299.33 0 0 1339.64 40.3 

Junc B276                1312.21 0 0 1343.55 31.3 

Junc B278                1313.03 0 0 1356.64 43.6 

Junc B279                1316.66 0 0 1356.65 40 

Junc B280                1312.8 0 0 1356.72 43.9 

Junc B281                1327.16 0 0 1356.15 29 

Junc B282                1328.12 0 0 1355.86 27.7 

Junc B283                1329.37 0 0 1355.3 25.9 

Junc B284                1329.93 0 0 1355.2 25.3 

Junc B285                1326.33 0 0 1355.14 28.8 

Junc B286                1316.069 0 0 1355.42 39.4 

Junc B287                1314.059 0 0 1354.84 40.8 

Junc B288                1313.417 0 0 1354.12 40.7 

Junc B289                1315.271 0 0 1353.89 38.6 

Junc B291                1321.796 0 0 1353.26 31.5 

Junc B290                1321.731 0 0 1352.72 31 

Junc B292                1324.088 0 0 1351.95 27.9 

Junc B293                1326.538 0 0 1351.45 24.9 

Junc B294                1327.018 0 0 1351.17 24.2 

Junc B295                1328.15 0 0 1350.74 22.6 

Junc B296                1332.517 0 0 1386.61 54.1 

Junc B303                1328.1 0 0 1390.53 62.4 

Junc Pump_Out            1313.681 0 0 1396.07 82.4 

Junc B304                1299.72 0 0 1339.7 40 

Junc B305                1294 0 0 1339.7 45.7 



115 

 

 

 

 

 

Junc To_A1.10            1320.31 155 232.5 1386.09 65.8 

Junc DNI_C               1311.827 35 52.5 1392.91 81.1 

Junc Tank_Out            1311 0 0 1393.18 82.2 

Junc B310                1313 0.188 0.28 1337.75 24.8 

Junc 1                   1327.63 0 0 1390.53 62.9 

Junc 2                   1330.24 0 0 1347.94 17.7 

Junc 3                   1314.059 0 0 1346.46 32.4 

Junc 4                   1314.059 0 0 1355.41 41.4 

Junc 5                   1314.059 0 0 1357.4 43.3 

Junc 6                   1314.059 0 0 1346.44 32.4 

Junc 7                   1329.93 0 0 1355.9 26 

Junc 8                   1330.24 0 0 1357.64 27.4 

Junc 9                   1327.63 1.894 2.84 1356.63 29 

Junc 10                  1327.63 0 0 1359.63 32 

Junc 11                  1321.938 0 0 1355.37 33.4 

Junc 12                  1321.938 0 0 1345.25 23.3 

Junc 13                  1329.283 0 0 1355.31 26 

Junc 14                  1329.283 0 0 1343.68 14.4 

Junc 15                  1332.963 0 0 1355.22 22.3 

Junc 16                  1328.26 0 0 1355.17 26.9 

Junc 17                  1327.19 0 0 1355.17 28 

Junc 18                  1328.21 0 0 1355.15 26.9 

Junc 19                  1329.22 0 0 1355.14 25.9 

Junc 20                  1316.069 0 0 1355.42 39.4 

Junc 21                  1312.77 0.533 0.8 1357.25 44.5 

Junc 22                  1313.84 0 0 1357 43.2 

Junc 23                  1313.84 0 0 1343.35 29.5 

Junc 24                  1313.43 0 0 1357.18 43.8 

Junc 25                  1323.5 0 0 1343.49 20 

Junc 26                  1323.5 0 0 1356.81 33.3 

Junc 27                  1323.5 0 0 1356.8 33.3 

Junc 28                  1312.21 0 0 1343.55 31.3 

Junc 29                  1312.21 0 0 1357.03 44.8 

Junc 30                  1312.21 0 0 1356.67 44.5 

Junc 31                  1303.393 0 0 1343.11 39.7 

Junc 32                  1299.14 0 0 1343.25 44.1 

Junc 33                  1328.15 0 0 1343.72 15.6 

Junc 34                  1327.63 0 0 1349.63 22 

Junc 35                  1327.63 0 0 1390.53 62.9 

Junc 36                  1327.63 0 0 1390.53 62.9 

Resvr 

Balaju_Reservoir   1339.7 #N/A             0 1339.7 0 

Tank Graveyard           1307 #N/A             -685.22 1312 5 

Tank STUPA               1390 #N/A             310.29 1394.99 4.99 
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6.3.3 Design of DNI Zone - C (A 1.5) 

 
The DNI-C model has been designed and the model features are prepared accordingly. DNI-C has 

been designed using the inside diameters (66.8mm, 80.4mm and 98.6mm) for HDPE PE100-PN6 

pipes and the diameters (150mm, 200mm, 400mm, 500mm, 550mm & 600mm) for DI pipes. 

After optimizing the pipe diameters for HDPE & DI pipes, all 172 demand nodes have pressure 

head between 20m and 40m and 3 demand nodes have pressure above 40m. 

 
The demarcation of DNI-C Boundary shown in Figure 6.5 and DNI-C Design Model at Peak 

Demand (7.00) is shown in Figure 6.6. 

 
The details of DNI-C/Pipe material & length/Bulk Meter, Isolation Valves, PRVs/PRVs with Set 

pressure/Location of Air Valve, Washout Valve & Fire hydrants are shown in the Tables 

6.11/6.12/6.13/6.14/6.15 respectively. 

 
Figure 6.5: Demarcation of DNI Zone - C Boundary 
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Table 6.14: Design of DNI Zone - C 
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Table 6.15: Details of Pipe material and length 

 

Table 6.16: Details of Bulk Meter/Isolation Valve/PRV’s 

LOCATION OF BM/IV/PRV FOR DNI_C 

DNI DMA 
# Bulk 

Meter 

Size of 

BM 

# Isolation 

Valve 

Size of 

IV 

# 

PRV 

Size of 

PRV 
From_Junc To_Junc 

C 1 1 150 3 150 1 150 C180 DNI_C 

C 2 1 200 3 200 1 200 DNI_C 34 

C Mainline 1 500 3 500 0 0 TANK_OUT DNI_B 

 

Table 6.17: Details of PRV’s with Set Pressure 

DNI DMA 
# 

PRV 

Size of 

PRV 

Set 

Pressure 

(m) 

From_Junc To_Junc 

C 1 1 150 23 C180 DNI_C 

C 2 1 200 40 DNI_C 34 
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Table 6.18: Details of location of Air Valve/Washout Valve/Fire Hydrant 
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Figure 6.6: DNI Zone - C Design Model at Peak Demand at 7.00 AM 
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Most of the areas within DNI-B, DNI-C and DNI A-1.10 zones are located in the high elevation areas (the 

highest elevation of 1339.7m, except the temple) which are not able to get water by gravity from Balaju 

reservoir (discharge elevation of 1,390m), therefore, it needs pump to raise the water head to supply for 

these areas. Tables: 

6.16 & 6.17 provide the hydraulic configuration of the pumps and water tanks to supply water for DNI-B, 

DNI-C and DNI A-1.10. 

 
Table 6.19: Pump Head Parameters 

Proposed Sump (nearby Muslim Graveyard) to Proposed Reservoir at Swayambhu (STUPA) 

Ground level of pumping site (sump) near Muslim Graveyard (Masjid) 1312.00 m 

Elevation of pipe inlet at Swayambhu STUPA 1390.00 m 

Static Head 78.00 m 

Residual Head 5.00 m 

Discharge required -Q (lps) 375.00 lps 

Total pipe length from proposed sump at (Muslim Graveyard) to proposed 
Reservoir at Swayambhu-STUPA 250.00 m 

Provide DI pipe 700.00 mm 

Head loss in pipe 0.41 m 

Add 10% Special Losses 0.15 m 

Station Losses 1.50 m 

Pumping Head 85.06 m 

Rounding off (Pumping Head) 100.00 m 

Velocity in pipe 0.97 m/sec 

Water Horse Power ( r*Q*H/75) 390.00 HP 

Assume efficiency of the motors and pumps as 90% and 70 % , the Breaking 
Horse Power (BHP) of the pump sets 619.05 BHP 

Provide pumps of total capacity 700.00 HP 

Provide three pump of each capacity 350 HP 

Two pump will work at a time and third is standby 2(W) + 1(S) 

The discharge of each pump 190 lps with total pumping head 100m 
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Table 6.20: Water Tank Storage requirements 

Water Storage Calculation for proposed Sump& Reservoir at (Muslim 

Graveyard & Swayambhu-STUPA) 

Total Demand required for sub-zone DNI-B 59.89 lps 

Total Demand required for sub-zone DNI-C 35.17 lps 

Total Demand required for sub-zone A 1.10 155.47 lps 

Total Demand required for Sub-zones DNI-B,C & A 1.10 250.53 lps 

Peak Factor 1.50  

Peak Demand (Quantity) 375.80 lps 

Say 375.00 lps 

Quantity (Q) 0.375 m
3
/s 

 

Considering Detention time 

18 hrs 

1080 sec 

Volume =Quantity x Detention Time (V=Q*T) 405 m
3
 

Volume of the water required to store at proposed sump nearby Muslim 
Graveyard 400 m

3
 

Volume of the water required to store at proposed reservoir at 

Swayambhu-STUPA (based on the availability of Area) 

 

200 

 

m
3
 

 
It proposed the water sump nearby Graveyard (see Callout Box 1 in map below) receives water by 

gravity from Balaju reservoir. The existing water tank supplies water to the temple and presently it is no 

longer working since earthquake in April 2015 (see Callout box 2 in map below). Each pump with a 

capacity of 190 lps (2 working and 1 standby) will be used to pump the water from this sump at Graveyard 

to the Stupa water tank (see Callout box 3 in map below). It is proposed to have centrifugal pump sets - 3 

Nos (Horizontal Split Type) where 2 (W) +1 (S) will be housed at pump house which will be constructed 

near Graveyard. 
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Figure: 6.7: Details of Area required for Water Storage and location of Proposed Pump 

House 

 

Below are the model results of water depth of the Graveyard sump, pump and Stupa tank: 

 
Figure: 6.8 Graph Showing Water Head at Graveyard sump 
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Figure 6.9: Graph Showing Pump flow 

 

 
Figure 6.10: Water head at Stupa Tank 

 
Table 6.21.Details of Pipe for DNI C 

 Link ID                 Length           Diameter         Roughness        Material Flow             Velocity         

Unit 

Headloss    

Friction 

Factor  

  m                mm                                  LPS              m/s              m/km                              

Pipe C099-C100           79.08 62.2 130 
HDPE-PE 100 

PN10 -0.4 0.13 0.49 0.035 

Pipe C096-C095           8.5127 62.2 130 
HDPE-PE 100 

PN10 -0.05 0.02 0.02 0.091 

Pipe C095-C097           11.65 62.2 130 
HDPE-PE 100 

PN10 0.32 0.11 0.34 0.037 

Pipe C094-C095           24.06 62.2 130 
HDPE-PE 100 

PN10 0.42 0.14 0.54 0.035 

Pipe C093-C092           52.81 62.2 130 
HDPE-PE 100 

PN10 -1.16 0.38 3.58 0.03 

Pipe C090-C091           16.86 62.2 130 
HDPE-PE 100 

PN10 0.88 0.29 2.15 0.031 

Pipe C088-C089           16.72 62.2 130 
HDPE-PE 100 

PN10 0.59 0.19 1.01 0.033 

Pipe C086-C087           16.83 62.2 130 
HDPE-PE 100 

PN10 0.14 0.05 0.07 0.038 



125 

 

 

 

 

 

Pipe C084-C160           7.6782 62.2 130 
HDPE-PE 100 

PN10 0.25 0.08 0.21 0.037 

Pipe C084-C085           22.712 62.2 130 
HDPE-PE 100 

PN10 1.19 0.39 3.75 0.03 

Pipe C083-C084           29.04 62.2 130 
HDPE-PE 100 

PN10 2.37 0.78 13.37 0.027 

Pipe C082-C081           118.68 62.2 130 
HDPE-PE 100 

PN10 -1.63 0.54 6.72 0.028 

Pipe C079-C080           16.38 80.4 130 
HDPE-PE 100 

PN10 0.92 0.18 0.66 0.032 

Pipe C077-C076           8.759 62.2 130 
HDPE-PE 100 

PN10 -0.57 0.19 0.97 0.033 

Pipe C076-C078           97.19 62.2 130 
HDPE-PE 100 

PN10 2.15 0.71 11.22 0.027 

Pipe C076-C075           79.203 62.2 130 
HDPE-PE 100 

PN10 -3.38 1.11 25.78 0.025 

Pipe C075-C100           19.294 62.2 130 
HDPE-PE 100 

PN10 -1.7 0.56 7.23 0.028 

Pipe C075-C074           127.56 62.2 130 
HDPE-PE 100 

PN10 -1.89 0.62 8.83 0.028 

Pipe C074-C101           63.31 62.2 130 
HDPE-PE 100 

PN10 -2.99 0.98 20.55 0.026 

Pipe C072-C074           25.959 62.2 130 
HDPE-PE 100 

PN10 -0.7 0.23 1.4 0.032 

Pipe C072-C073           23.468 62.2 130 
HDPE-PE 100 

PN10 0.57 0.19 0.95 0.033 

Pipe C071-C072           243.87 62.2 130 
HDPE-PE 100 

PN10 0.23 0.08 0.18 0.038 

Pipe C070-C069           23.6 62.2 130 
HDPE-PE 100 

PN10 -0.39 0.13 0.46 0.035 

Pipe C069-C071           101.87 150 110 DI 7.13 0.4 1.92 0.035 

Pipe C068-C062           112.32 62.2 130 
HDPE-PE 100 

PN10 1.95 0.64 9.31 0.028 

Pipe C065-C067           40.022 62.2 130 
HDPE-PE 100 

PN10 0.51 0.17 0.78 0.034 

Pipe C065-C066           24.556 62.2 130 
HDPE-PE 100 

PN10 0.42 0.14 0.53 0.035 

Pipe C064-C068           116.87 150 110 DI -2.15 0.12 0.21 0.042 

Pipe C064-C065           23.02 62.2 130 
HDPE-PE 100 

PN10 1.17 0.38 3.59 0.03 

Pipe C062-C063           10.416 62.2 130 
HDPE-PE 100 

PN10 0.38 0.12 0.46 0.036 

Pipe C062-C060           43.615 62.2 130 
HDPE-PE 100 

PN10 1.27 0.42 4.23 0.029 

Pipe C060-C061           20.29 62.2 130 
HDPE-PE 100 

PN10 0.28 0.09 0.26 0.036 

Pipe C060-C058           40.73 62.2 130 
HDPE-PE 100 

PN10 0.79 0.26 1.74 0.032 

Pipe C058-C059           20.33 62.2 130 
HDPE-PE 100 

PN10 0.79 0.26 1.73 0.032 

Pipe C058-C052           190.76 62.2 130 
HDPE-PE 100 

PN10 -0.42 0.14 0.55 0.035 

Pipe C055-C057           16.93 62.2 130 
HDPE-PE 100 

PN10 0.79 0.26 1.76 0.032 

Pipe C055-C056           21.811 62.2 130 
HDPE-PE 100 

PN10 0.66 0.22 1.26 0.033 
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Pipe C053-C055           8.0751 62.2 130 
HDPE-PE 100 

PN10 1.5 0.49 5.75 0.029 

Pipe C053-C054           22.71 62.2 130 
HDPE-PE 100 

PN10 0.31 0.1 0.3 0.036 

Pipe C052-C053           33.633 62.2 130 
HDPE-PE 100 

PN10 1.87 0.62 8.65 0.028 

Pipe C052-C051           60.7 62.2 130 
HDPE-PE 100 

PN10 -2.61 0.86 16.03 0.026 

Pipe C051-C050           48.82 150 110 DI 12.76 0.72 5.65 0.032 

Pipe C050-C045           76.2 150 110 DI 5.01 0.28 1 0.037 

Pipe C048-C050           83.75 62.2 130 
HDPE-PE 100 

PN10 -2.14 0.7 11.04 0.027 

Pipe C048-C049           33.539 62.2 130 
HDPE-PE 100 

PN10 0.2 0.07 0.14 0.039 

Pipe C047-C046           33.91 62.2 130 
HDPE-PE 100 

PN10 -0.54 0.18 0.86 0.033 

Pipe C046-C048           13.287 62.2 130 
HDPE-PE 100 

PN10 -1.64 0.54 6.79 0.028 

Pipe C045-C020           8.59 150 110 DI 5.01 0.28 1 0.037 

Pipe C043-C045           58.51 62.2 130 
HDPE-PE 100 

PN10 -0.18 0.06 0.12 0.039 

Pipe C043-C044           12.91 62.2 130 
HDPE-PE 100 

PN10 0.12 0.04 0.06 0.044 

Pipe C041-C043           14.821 62.2 130 
HDPE-PE 100 

PN10 0.07 0.02 0.02 0.04 

Pipe C041-C042           17.714 62.2 130 
HDPE-PE 100 

PN10 0.09 0.03 0.03 0.039 

Pipe C040-C046           20.571 62.2 130 
HDPE-PE 100 

PN10 -1 0.33 2.69 0.03 

Pipe C040-C041           73.749 62.2 130 
HDPE-PE 100 

PN10 0.41 0.13 0.52 0.035 

Pipe C040-C039           88.82 62.2 130 
HDPE-PE 100 

PN10 0.34 0.11 0.37 0.036 

Pipe C037-C038           34.634 62.2 130 
HDPE-PE 100 

PN10 0.32 0.1 0.32 0.036 

Pipe C037-C028           19.554 62.2 130 
HDPE-PE 100 

PN10 0.55 0.18 0.9 0.033 

Pipe C034-C036           4.4864 62.2 130 
HDPE-PE 100 

PN10 0.3 0.1 0.3 0.037 

Pipe C034-C035           6.9084 62.2 130 
HDPE-PE 100 

PN10 0.22 0.07 0.17 0.039 

Pipe C032-C034           12.709 62.2 130 
HDPE-PE 100 

PN10 0.54 0.18 0.88 0.033 

Pipe C032-C033           7.4021 62.2 130 
HDPE-PE 100 

PN10 0.16 0.05 0.1 0.042 

Pipe C031-C032           25.559 62.2 130 
HDPE-PE 100 

PN10 0.74 0.24 1.54 0.032 

Pipe C029-C031           15.379 62.2 130 
HDPE-PE 100 

PN10 1.14 0.38 3.45 0.03 

Pipe C029-C030           23.302 62.2 130 
HDPE-PE 100 

PN10 0.15 0.05 0.08 0.04 

Pipe C028-C029           22.32 62.2 130 
HDPE-PE 100 

PN10 1.38 0.45 4.93 0.029 

Pipe C028-C027           84.93 62.2 130 
HDPE-PE 100 

PN10 -1.08 0.35 3.1 0.03 
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Pipe C027-C064           175.27 150 110 DI -2.15 0.12 0.21 0.042 

Pipe C026-C037           120.87 62.2 130 
HDPE-PE 100 

PN10 1.11 0.37 3.28 0.03 

Pipe C026-C027           58.86 150 110 DI -2.15 0.12 0.21 0.042 

Pipe C025-C026           32.26 150 110 DI -2.15 0.12 0.21 0.041 

Pipe C025-C024           88.86 62.2 130 
HDPE-PE 100 

PN10 -1.06 0.35 3.01 0.03 

Pipe C024-C023           25.164 62.2 130 
HDPE-PE 100 

PN10 -0.8 0.26 1.79 0.032 

Pipe C023-C021           48.918 62.2 130 
HDPE-PE 100 

PN10 -0.63 0.21 1.15 0.033 

Pipe C022-C021           70.002 62.2 130 
HDPE-PE 100 

PN10 -0.05 0.02 0.01 0.051 

Pipe C022-C019           51.01 62.2 130 
HDPE-PE 100 

PN10 -0.41 0.14 0.53 0.035 

Pipe C021-C020           74.58 62.2 130 
HDPE-PE 100 

PN10 -0.97 0.32 2.55 0.031 

Pipe C020-C019           56.38 150 110 DI 5.01 0.28 1 0.037 

Pipe C019-C017           28.42 150 110 DI 5.01 0.28 1 0.037 

Pipe C017-C018           16.27 62.2 130 
HDPE-PE 100 

PN10 0.11 0.04 0.05 0.04 

Pipe C017-C012           73.49 150 110 DI 5.01 0.28 1 0.037 

Pipe C016-C023           98.672 62.2 130 
HDPE-PE 100 

PN10 0.4 0.13 0.51 0.035 

Pipe C016-C022           43.203 62.2 130 
HDPE-PE 100 

PN10 -0.19 0.06 0.12 0.038 

Pipe C015-C016           61.582 62.2 130 
HDPE-PE 100 

PN10 0.63 0.21 1.16 0.033 

Pipe C014-C024           67.212 62.2 130 
HDPE-PE 100 

PN10 0.7 0.23 1.41 0.032 

Pipe C014-C015           48.862 62.2 130 
HDPE-PE 100 

PN10 -0.72 0.24 1.48 0.032 

Pipe C013-C025           51.42 150 110 DI -2.15 0.12 0.21 0.041 

Pipe C013-C014           46.75 62.2 130 
HDPE-PE 100 

PN10 0.37 0.12 0.43 0.035 

Pipe C012-C005           156.28 150 110 DI 5.01 0.28 1 0.037 

Pipe C010-C012           70.2 62.2 130 
HDPE-PE 100 

PN10 0.57 0.19 0.95 0.033 

Pipe C010-C011           21.877 62.2 130 
HDPE-PE 100 

PN10 0.26 0.09 0.22 0.036 

Pipe C009-C015           29.154 62.2 130 
HDPE-PE 100 

PN10 1.61 0.53 6.55 0.028 

Pipe C009-C010           66.921 62.2 130 
HDPE-PE 100 

PN10 1.05 0.35 2.99 0.03 

Pipe C008-C013           46.86 150 110 DI -2.15 0.12 0.21 0.042 

Pipe C008-C009           19.97 62.2 130 
HDPE-PE 100 

PN10 2.84 0.94 18.74 0.026 

Pipe C006-C008           65.07 150 110 DI 5.01 0.28 1 0.037 

Pipe C006-C007           56.73 62.2 130 
HDPE-PE 100 

PN10 0.52 0.17 0.82 0.034 

Pipe C005-C001           86.12 150 110 DI 5.01 0.28 1 0.037 

Pipe C004-C003           10.208 62.2 130 
HDPE-PE 100 

PN10 -0.14 0.05 0.07 0.04 
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Pipe C003-C005           24.38 62.2 130 
HDPE-PE 100 

PN10 -0.22 0.07 0.16 0.037 

Pipe C002-C006           119.43 150 110 DI 5.01 0.28 1 0.037 

Pipe C002-C003           33.629 62.2 130 
HDPE-PE 100 

PN10 0.29 0.1 0.28 0.037 

Pipe C001-C002           83.28 150 110 DI 5.01 0.28 1 0.037 

Pipe C165-C100           144.34 62.2 130 
HDPE-PE 100 

PN10 2.22 0.73 11.9 0.027 

Pipe C159-C158           57.53 62.2 130 
HDPE-PE 100 

PN10 -0.99 0.33 2.67 0.031 

Pipe C158-C071           64.98 150 110 DI -7.13 0.4 1.92 0.035 

Pipe C156-C158           72.48 150 110 DI -7.13 0.4 1.92 0.035 

Pipe C156-C157           65.8 62.2 130 
HDPE-PE 100 

PN10 0.69 0.23 1.35 0.032 

Pipe C155-C154           44.501 62.2 130 
HDPE-PE 100 

PN10 -0.19 0.06 0.12 0.039 

Pipe C154-C107           92.487 62.2 130 
HDPE-PE 100 

PN10 -0.11 0.04 0.05 0.043 

Pipe C153-C170           27.067 62.2 130 
HDPE-PE 100 

PN10 0.33 0.11 0.34 0.036 

Pipe C153-C154           93.446 62.2 130 
HDPE-PE 100 

PN10 0.78 0.26 1.72 0.032 

Pipe C152-C156           94.05 150 110 DI -7.13 0.4 1.92 0.035 

Pipe C152-C153           26.03 62.2 130 
HDPE-PE 100 

PN10 1.5 0.49 5.73 0.029 

Pipe C152-C150           74.22 150 110 DI 0.62 0.03 0.02 0.049 

Pipe C151-C150           33.67 62.2 130 
HDPE-PE 100 

PN10 -0.58 0.19 0.97 0.033 

Pipe C148-C149           34.34 62.2 130 
HDPE-PE 100 

PN10 0.32 0.11 0.33 0.036 

Pipe C146-C147           66.4 62.2 130 
HDPE-PE 100 

PN10 0.45 0.15 0.61 0.034 

Pipe C144-C145           18.03 62.2 130 
HDPE-PE 100 

PN10 0.15 0.05 0.08 0.041 

Pipe C142-C143           69.81 62.2 130 
HDPE-PE 100 

PN10 0.21 0.07 0.16 0.039 

Pipe C141-C140           83.91 62.2 130 
HDPE-PE 100 

PN10 -0.52 0.17 0.8 0.034 

Pipe C139-C135           149.13 62.2 130 
HDPE-PE 100 

PN10 0.02 0.01 0 0.038 

Pipe C136-C137           22.57 62.2 130 
HDPE-PE 100 

PN10 0.3 0.1 0.29 0.036 

Pipe C131-C130           26.361 62.2 130 
HDPE-PE 100 

PN10 -0.31 0.1 0.3 0.036 

Pipe C130-C132           42.079 62.2 130 
HDPE-PE 100 

PN10 0.2 0.07 0.14 0.038 

Pipe C130-C129           88.36 62.2 130 
HDPE-PE 100 

PN10 -0.89 0.29 2.18 0.031 

Pipe C127-C128           7.05 62.2 130 
HDPE-PE 100 

PN10 0.16 0.05 0.08 0.038 

Pipe C124-C126           4.1043 62.2 130 
HDPE-PE 100 

PN10 0.3 0.1 0.29 0.036 

Pipe C124-C125           35.235 62.2 130 
HDPE-PE 100 

PN10 0.29 0.09 0.27 0.037 




