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Introduction- Engineers Without Borders, Technion Chapter 

 

Engineers Without Borders  is a non-profit humanitarian organization established to 
partner with developing communities worldwide in order to improve their quality of life. 
This partnership involves the implementation of sustainable engineering projects, while 
involving and training internationally responsible engineers and engineering students. 

 

A student-led branch of Engineers Without Borders was established at the Technion 
Institute in 2007, combining undergraduate and graduate students from multiple 
departments and disciplines. The goal of EWB Technion is to introduce Technion 
engineering students to the challenges and rewards of working in underdeveloped 
communities through hands-on design and implementation of sustainable technologies. 
Currently, EWB Technion is focusing its efforts on providing clean water, sanitation and 
renewable energy to communities in the Negev desert of Israel and the hill country of 
Nepal. 

 

EWB Technion has been active in Nepal since its inception, and has undertaken three 
field-expeditions to the country thus far. After a thorough assessment expedition in 2008, 
EWB Technion began working to support and improve biogas digester technology in the 
Ilam district as a means of providing clean cooking energy, sanitation, agricultural and 
health benefits. In 2009, EWB members returned to Nepal to present an improved 
digester construction method to Nepal's government-partnered Biogas Support Program 
(BSP). Concurrently, our student-designed mobile laboratory began testing digester 
outflow slurry (a fertilizer product) for pathogenic safety. This effort was bolstered in 
2010, as students returned with an improved construction design and additional data-
gathering equipment. During the 2010 expedition, EWB Technion also partnered with the 
Israeli NGO Tevel B'Tzedek to assess water resource gaps in Patle, a village supported 
by Tevel B'Tzedek's holistic aid efforts.  

This document outlines the results of EWB Technion's resource assessment and suggests 
a number of engineering projects for water resource development. This document is was 
done with the great help of Diana Reinecke, a member of the EWB chapter of Ben 
Gurion University. EWB Technion is currently working to select, design and implement 
the most sustainable and effective of these projects in Patle, beginning in 2011. 



1. Introduction 
Patle village is located in Dhading district, 80 km north of Kathmandu. It takes about 4.5-
5.0 hours with local transportation to reach the end of the tar road in the town of Dhading 
Besi, from which another 3.0 hours walk (8-9 km) is required to reach the village of Patle. 

The village is accessible with jeeps by a dirt road for part of the year. During and after 
the monsoon season the road is usually partially destroyed and needs to be repaired. 

Area includes terrace lands comprising forest and agricultures lands. About 50% of the 
land is cultivable, 25% is forested and the remaining 25% is barren and settled areas [2]. 

The village is located in a mountainous area, north of the town of Dhading Besi. The 
village lies between altitudes of 1,200m to 1,400m. 

The area receives annual rainfall of about 1391 mm, which occurs mainly during the 
monsoon season (May to October). Over the dry season rainfall accounts for 10-40 mm 
per month, Fig. 7 [3]. 

The total area of the village is hard to estimate, since houses are spread over several 
ridges and valleys with undefined boundaries, Fig. 1. 

A Red Cross community development program was implemented in the area from 1998 
to 2002. The program included various environmental, water & sanitation aspects, 
including water catchments, and a storage tank that was built in 1999. 

The Israeli NGO "Tevel b'Tzedek" has been active in the village during recent years, 
performing social and educational programs within the community. 

A local, NGO called Resource Management and Rural Empowerment Centre (REMREC), 
is active in the Dhading area, performing social, political, economical and cultural 
projects. 



 

Figure 1 - Satellite image of Patle village with the main water sources and taps, the school is framed for a 
better orientation. Water sources (▲, 1. Lower pond, 2. Zage Pani, 3. Juge Pani), major public taps (●), 

northern tap is connected to "Juge Pani small" water source. Bar = 100 m (satellite image from wikimapia) 

 

2. Population 

The major inhabitants of Dhading area are Gurung, Tamang, Lama, Newar and Dalit. In 
total there are 550 inhabitants in Patle village. [2]. 

The village contains about 90 households spread in three groups: eastern (21 houses), western 
(biggest part) and central (where area school is located), Fig. 1. Population assumed to 
increase by approximately 10 % from 90 households to 100, until 2020. 

Data in the table below were gathered during a day visit in the village and are based on 
approximations. There was no relevant data regarding Patle village in the Red Cross report. 

 
Table 1 - Population data for Patle village 

Population per household 2010 2020 

Households 1 90 100 

    

Human 6 550 620 

Adults 4 350 390 

Children 2 200 230 

(at school) - 250 280 

    

Buffalo 1 90 100 

Cow / Ox 3.5 315 350 

Goat 10 800 1000 

 



3. Water Demand 

The water demand varies throughout the year, and might be greater during the dry season 
when household gardens are irrigated. 

The water is used mainly for 4 different purposes, Table 2: 

1. Human demand: drinking, cooking, sanitation, house cleaning, laundry 

2. Animal demand: drinking and cleaning, 4 households with biogas digesters consume 
an additional 30- 40 L/ d 

3. Farming: irrigation for gardening household vegetables  

4. Agriculture: rice fields are irrigated by open canals, irrigation stops during dry season 

Water demand varies throughout the day, and is expected to be greater during the morning 
when most household chores are done. During the afternoon there is another peak in 
consumption due to cooking dinner. During the night, there is almost no water consumption. 

During the weekend (Saturday and Sunday) water usage might increase due to the return of 
children from schools from outside the village. Further, water demand is expected to grow 
with availability during the dry season. 

  

 

Figure 2 - Left: public taps and the indication of water usage, such as storage in container. Right: on- site 
washing and cleaning. 

 

Table 2 - Estimated water demand for Patle village, based on assumptions and survey involving few of the 
local households 

Consumer Specific demand Total 2010 Total 2020 comments 

 liter/ capita/ day m
3
/ day m

3
/ day  

Human 30 16.5 18.6 [1] 

Buffalo 5 0.5 0.5 estimation 

Cow / Ox 4 1.3 1.4 estimation 

Goat 2 1.8 2.0 estimation 

Garden 50 4.5 5.0 estimation 

School children 5 1.3 1.4 estimation 

Biogas Digesters 40 0.2 0.4 
4 units 2010, est. 
10 units by 2020 

     



Consumer Specific demand Total 2010 Total 2020 comments 

 liter/ capita/ day m
3
/ day m

3
/ day  

Total water Demand  26 29 estimation 

Demand per household  0.288 0.293  

 

4. Existing Water Systems 

Two main water systems provide Patle village with water. Both systems include water 
catchments, piping, storage tanks, distribution lines and public taps with a concrete for water 
withdrawal by users. 

 

“Juge Pani” – water source is located uphill, a one hour walk northeast of the village center.  
Fig 3C. The source supplies water to 4 public taps. 

The concrete reservoir was built by the Red Cross in 1999. The dimensions of the cylindrical 
reservoir are 2 x 2 m, with a total volume of 6.3 m3. Supplying steel pipes of 1" diameter 
enter the tank from below and discharging PVC pipes of 25 mm leave the tank at the middle 
of the tank height. The intake structures were not visible, Fig. 3A and B.  

During the wet season, the tank overflows during the night, while in the dry season and it is 
only half filled at night. The source is assumed to provide 6 m3/ d water during the dry season. 

The tank supplies water through a pipe to a nearby household and to the villages´ center 
formed by the school, shops and public taps (estimated 400- 500 m), Fig. 1. 

The first and main water tap is located next to the shops and supplies the biggest portion of 
water along this line, Fig. 3D. After the monsoon in October, the water flow was measured as 
20 L/ min. The measured water pH- value was 5.5. Measurements in the following days 
confirmed a pH of 5.6.  

Downstream to the tap a dirt pool is collecting run-offs, rainwater, overflow from the tap area 
and wastewater from nearby building. The pool holds standing water and is open to the 
surrounding area, which might pose a contamination and health risk.  



 

 

Figure 3 - Images of the water reservoir Juge Pani (upper) situated on a hilltop over the village Patle (down 
left) and its first subsequent tap (down right). 

 
 “Zage Pani” – water source is located in a valley northwest of the village center, situated in 
a small neighborhood with 21 households, at a 45 minute walk away from the center. . The 
source supplies water to 7 public taps.  

The concrete tank was built with governmental assistance in 2005. The government supplied 
funds for piping, concrete and tanks, while the villagers did the construction work. The total 
funds for that project are estimated to be 1,339,000 NPR (aprox. 20.000 US$).  

The reservoir consists of a cylindrical concrete tank, seven subsequent taps and plastic/steel 
piping. The dimensions are about 3 x 1.5 m with a total volume of 10.6 m3, Fig. 4A and B. 
The outlet is controlled by a valve. The intake structures include two plastic tanks of 
estimated 1 m3 each, which are connected to a natural source and the distributing PVC pipe 
of 2" diameter. 

At the first tap, right next to the reservoir the water flow was measured as 20 L/ min, Fig. 4C. 
At that time of our visit, the reservoir was almost empty. The head difference between water 
level in the tank and the tap was estimated at 1 m when the tank is empty. The flow is 
estimated to be 50 % higher when the tank is full. However, the flow is known to be much 
lower when other taps are open simultaneously.  Furthermore, the source was said to dry up 



during the dry season. It is assumed to supply 0m3/day during dry season. The measured pH 
value was 6.5. 

 

Figure 4 - Images of the water reservoir Zage Pani (A, B) and its first subsequent tap (C). 

 

“Natural source #1” – about 500 m south of the school area is natural source, which was 
renovated in 2008. The source is said to supply about 100- 200 L/ day, during the dry season. 
The source is supplying 21 household in the southwestern part of the village. 

This project was supported by government funds. Government funding were for piping and 
concrete. 

The intake consists of an open concrete catchment and an outlet of a 10 mm PVC pipe (300 
m long), Fig. 5A. The concrete showed leakages, and is said to leak during the dry season as 
well, Fig. 5C.  

After the monsoon in October, the water was measured in the downstream point of the source 
distribution line (Navaraj Giri's house), at 2.2 L/ min. During the dry season, the pipe runs 
dry and people fetch water directly from the source until it depletes. The walk to the source is 
steep and slippery. 

 

“Juge Pani small” – water source is located uphill at about a one hour walk north of the 
village center. The source supplies water to 1 public tap, Fig. 1, and 20 households directly 
via pipes. 

The intake consists of an open concrete catchment and an outlet of a 1.5 " diameter PVC pipe 
to the village, Fig. 5B and D. The catchment was built approximately 30 years ago. The 
dimensions of the rectangular basin are 1 x 0.5 m. The basin and discharging pipe showed 
strong degradation and numerous leakages.  

 

 

Other natural sources – The villagers stated 4 natural sources from which 3 were visited 
during this assessment trip. It is assumed that these 3 sources supply half of the household 
demand each, during the dry season, meaning a total of 0.5 m3/ day, Fig.  5E and F. 



 

 

Figure 5 - Images of alternative and temporary water sources in Patle and its surroundings, The natural 
water source #1 (upper left) and Juge Pani small (upper right), both require fixing of the enclosure (middle). 

An unsecured natural fountain (down) needs an enclosure. 

 
 “Lower pond” – is natural water that flows during the dry season as well. This source is the 
major water source for most of the villagers during the dry season. The source includes three 
1.5" diameter PVC pipes connected to a natural pool, Fig. 6. It was stated, that one pipe 
remains active and supplies about 20 L/ min, during the dry season. 

The natural pool is open to atmosphere and is surrounded by vegetation. Additionally, it can 
easily be contaminated by humans or animals. It is essential to seal it off from leakage. 

Water from this source is carried uphill to the village in 20 L water vessels. Since the source 
is in a valley (altitude 1184 m) most of the villagers needs to carry their water 100- 150 m 
uphill. 



 

Figure 6 - Lower pond with inlet pipes and natural pool. 

 
Table 3 - Important points in Patle village with main water sources, taps and school. Data was measured 

with GPS and pH detectors. 

 diameter Height area volume altitude latitude longitude pH 

 m M m
2
 m

3
 m N E  

Juge Pani reservoir 2.0 2.0 3.1 6.3 1399 270 53.198' 
084

0
 

57.061' 
 

Zage Pani reservoir 3.0 1.5 7.1 10.6 1305 270 53.035' 
084

0
 

56.638' 
6.5 

central tap     1313 270 52.927' 
084

0
 

56.843' 
5.5 

School     1339 27°52.932' 84°56.794'  

Natural source #1    0.1 1353 27°52.868' 84°56.607' 6.5 

Lower pond     1184 27°53.177' 84°56.604' 6.8 

Optional new storage 

tank
1     1395 27°53.119' 84°56.945'  

                                                 
1 This point is the location of possible new storage tank, recommended by governmental 
engineer who visited the village a few months ago.  



5. Alternative Water Sources 

In this chapter are presented a few alternatives for a possible renovation for the Patle 
village water system. 

These alternatives need to be considered, among others, in order to decide about the most 
adequate solution.  

 

5. 1. Roof Collection: 
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Figure 7 - Average rainfall in Kathmandu, Nepal (mm per month). [3] 

 

Estimated Rain Collection at school buildings 

According to local estimations and meteorological data, Fig. 7, a small building in the school 
area that is already collecting water can fill a 0.75 m3 tank in 4 hours during a monsoon rain 
event, Table 4. This value requires a rain intensity of about 4 mm/ h in a rain event. 

Table 4 - Approximation of the school roof area suitable for rain collection. 

  Width Length 
Inclined 
Roof sides 

Total roof area 
Roof sides currently 
collecting rainwater 

  m m  m
2
  

Collected building 3 7 2 42 1 

Class building 1 5 15 2 150 0 

Class building 2 4 25 2 200 0 

New building 5 8 2 80 0 

Total    472  



Theoretically, assumed that all school roofs are collecting rainwater and all water can be 
stored, the water surplus can supply only 6 % of the village annual water demand (Table 5), 
on the other hand, it can supply the school's annual demand (Table 1). Anyway, such system 
requires a huge storage tank, gutters, piping and maintenance.  
Therefore, this specific alternative does not seem feasible in the case of solving Patle village's 
overall water problem. 
However, rain collection system in the school can be used as an additional local water source 
supplying water during dry season. 
 
The roof collection capacity is calculated as following:  Q = 0.9 · R · A 
Whereby: 

• Q [m3/yr] is the water quantity collected 

• 0.9 is the run-off coefficient for metal sheet roofs 

• R [m/yr] is the rainfall in mm 

• A [m2] is the roof area  
 

Table 5 - Rain water collection potential of the school roof during dry season. 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Collected 
water  

m
3
/yr 

7.2 6.4 12.7 15.7 43.3 85.4 116.8 138.1 80.3 23.8 0.8 4.2 535 
Collected 
water  

m
3
/d 

            1.5 
annual water 
demand  

m
3
/d 

            26 

 

Existing roof collection in village: 

Very few houses do collect rainwater. The village has only few, small storage tanks, varying 
from 0.75 to 1 m3. Existing roof gutters are improvised and leak. Furthermore, no gutters lead 
directly into a storage tank and no primary filtration (mesh) was observed, Fig.8A and B. 

 

Roof collection potential- theoretical calculation 

Roof area in the village can be roughly estimated as 3,600 m2, by multiplying an average roof 
area per household of 40 m2 by 90 households. 

 

Figure 8 - Provisory roof collection system on a family house (A) and the school (B). 

 



Assuming all houses will be collecting, and assuming average roof area per household, total 
storage can be as follows:  

 

Table 6 - Rain water collection potential of the total roof area in Patle village. 

Parameter Units Value min Value max 

Household potential roof area m2 40 40

Total Household # 90 90

Total roof area m2 3600 3600

Monthly potential (dry season) mm 10 40

Max volume m3/month 36.0 144.0

Max volume m3/day 1.2 4.7

Storage period months 1.0 1.0

Storage per household m3 0.4 1.6

Water supply per household per day m3/day 0.013 0.053

Water demand per household per day m3/day 0.288 0.288

 

 

It's clear from Table6 that collecting and storing water from all roofs, even if possible, 
will not solve Patle’s water shortage during the dry season. However, it can be a partial 
water solution for many households during the dry season. 

 

5. 2. Pumping water uphill from the lower pond 

The lower pond is the major water source in the dry season. Potentially it can supply 20 L/ 
min or roughly 29 m3/ day, which meets village demands. 

It has been reported that government engineers visited the village and recommend collecting 
that water source and pumping it uphill to a storage tank, from which a distribution system 
can deliver water to all households in the village. 

Such a pumping system needs to include a collection basin, booster pumps (single or 
multiple), electricity connection, piping and an uphill storage tank with taps. 

• Collection basin 

A collection basin needs to store 2 hours volume of water. It must be a sealed concrete or 
plastic tank that includes a sedimentation pond and static screening upstream. It should 
include an electricity connection, pumping house above the tank. A pump can be diesel 
operated if an electricity connection is too expensive to that point. 

• Pump 

Assuming a centrifugal suction electrical or diesel pump is selected, it should be placed 1-2 
meters above the collection tank. A pump is assumed to work 12hr/d due to lack of power 
availability and maintenance demands. Lifting water approx 220m, at 1.8 m3/hr (12hr/day) 
flow, for assumed 80% efficiency pump, results in shaft power required of 1.4Kwhr pump. 
The pump should include upstream and downstream valves, with options to empty the supply 
pipe.  



• Supply pipe 

The recommended choice is a 1.5" PVC pipe, about 700m length, laid underground, covered 
with original ground, and protected with concrete at the crossing point of the main road. The 
pipe line should be marked with a concreted metal poll above ground, every 50m. Pipe is 
estimated to lose about 3-4 meter head. 

• Storage tank 

A storage tank will store a volume of 12 hours of day water capacity. This storage volume 
should cover the difference between natural source flow and village demand, during the night 
time. At this time natural water still flows and needs to be stored, but the village people do 
not use the water. 

• Distribution system 

It can be based mostly on the existing system. 

 

Table 7 - Preliminary calculation for a suggested pumping system. Alternative 5.2 
No Parameter Units Value Comment 

     

1 Flow during dry season m/d 29 Estimation 

2 Water needed 2020 m/d 21.6 After roof collection is performed 

3 Pumping hr/d hr/d 12  

4 Pump flow during dry season m3/hr 1.8   

5 Collection tank retention time hr 2  

6 Collection tank volume m3 3.6   

7     

8 Supply pipe length M 700 Estimation 

9 Supply pipe diameter " 1.5  

10 Supply pipe diameter mm 38.1  

11 HW coeff - 120  

12 Head loss factor % 10%  

13 Pipe head loss M 7.3 Including additional losses 

14     

15 Head difference M 218 Including head loss 

16 Pump efficiency % 80%  

17 Power required Kwhr 1.4 Including pump efficiency 

18     

19 Min storage capacity m3 5 Enough to hold 6 hrs demand 

20 Required storage volume m3 15.5 
Includes 20% extra storage. See 
Table8.  

 
Table 8 - Storage volume calculation. 

Time Supply 
Estimated 
demand 

Storage volume 
req. 

hr m3/hr m3/hr m3 

1  0.0 8.0 

2  0.0 8.0 



Time Supply 
Estimated 
demand 

Storage volume 
req. 

hr m3/hr m3/hr m3 

3  0.0 8.0 

4  0.7 7.3 

5  0.7 6.6 

6 1.8 2.1 6.3 

7 1.8 2.8 5.3 

8 1.8 2.1 5.0 

9 1.8 1.4 5.4 

10 1.8 0.7 6.6 

11 1.8 0.7 7.7 

12 1.8 1.0 8.4 

13 1.8 1.0 9.2 

14 1.8 0.7 10.3 

15 1.8 0.7 11.4 

16 1.8 0.7 12.5 

17 1.8 1.4 12.9 

18  2.1 10.8 

19  1.4 9.4 

20  0.7 8.7 

21  0.7 8.0 

22  0.0 8.0 

23  0.0 8.0 

24  0.0 8.0 

Total water demand  21.6  

Min storage volume   5.0 

Max storage required   12.9 

Safety factor   20% 

Max storage required   15.5 

 

Daily water demand estimted distribution
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Figure 9 - Assumed daily water demand distribution 

 

 

5. 3. Alternative - Pumping direct to the two existed water tanks: 



This alternative needs to be considered, in order to reduce costs of new storage tank and of 
distribution pipes.  

In that case, enlarging the existed volumes might be needed, depending on the storage criteria. 
Existing storage is 6.3+10.6=16.9m3. 

 

 

5. 4. Alternative – Pumping to a lower point: 

The lower point (about 1300m height) may be along the main road. It can reduce costs 
significantly (Power and construction). The disadvantage is that most of the villagers would 
not get the water by gravitation. 

Changes in design parameter in comparison to alternative 5.2 will be a reduction in pump 
power demand and with pipes length. Power demand for this alternative is presented in 
Table9.  

Reduction in power demand by almost half will result in smaller pump, lower pump cost, 
lower operation costs (less electricity or diesel).  

Reduction in pipes length will result in lower pipes cost, lower work costs (for laying pipes), 
and less friction losses inside the pipes (less power demand). 

This alternative might be a compromise solution that can demand less funding from 
government or others, and can make the water much more available to the village. 

 

 Parameter Units Value Comment 

Head difference M 123 including head loss 

Pump efficiency % 80%  

Power required kWh 0.8 including pump efficiency 

Table 9 - Preliminary calculation for a suggested pumping system. Alternative 5.4 

 

 

5. 5. Fog catchment: 

Fog or cloud collector can be a solution in winter month with intense cloud formation. A 
shade cloth net of 4 x 8 m is estimated to collect 60- 200 L/ d. However, the assumed water 
quantities, together with the very few fog days reported in Patle, does not justify such a 
project. 



 

5. 6. Overall water balance in the dry season: 

 

Table 10 - Water balance during dry season; including all natural water sources and collecting from roof 
areas. 

Source Water capacity 

 m
3
/ d 

Juge Pani 6.0 

Zage Pani 0.0 

Natural source #1 0.1 

other natural sources 0.5 

roof collection (driest month) 1.2 

total water available including roof collection 7.7 

  

Water demand 2020 29.3 

Water needed to be pumped 2020 21.6 

 

 

6. Maintenance aspects of the existing water systems 

• Juge Pani and Zage Pani Storage tanks are both said to be cleaned 2- 3 times a year. 
During a cleaning event, the reservoir is opened and a maintenance worker enters and 
removes debris and sediments manually. The integration of a disinfection step should be 
considered. Additionally, a maintenance form can be created to record (name, date, 
actions, specific remarks, problems, disinfection, tests – color etc.) 

• The concrete areas of the water taps are usually well drained, but sometimes flooding 
occurs due to bad drainage. This is needed to be fixed in order to prevent contamination. 
Washing and bathing in these areas should be limited. 

• Natural sources including the lower source are collected by simple means and opened to 
atmosphere. In these cases, the potential of contamination from human or animal origin 
rises. Therefore, covering the source is recommended and a periodic cleaning and 
disinfection should be considered. 

• The storage tanks of both main sources are partially exposed to the atmosphere and to 
contamination by human or animal activity. This needs to be avoided. 

• No use of disinfection was reported for all water supply systems. 

• No primary filtration (mesh) was observed in any of the roof collection systems or 
storage tanks. 

 



 

Figure 10 - Missing drainage of tap point leads to standing water in the tap area. 



7. Conclusion & recommendation 

7.1. This report needs to be completed and actualized during a visit this coming April, at 
the end of the dry season and the peak of water shortage. 

7.2. Rain catchment via a roof collection (alternative 5.1) seems not to be a feasible 
solution to solve the overall shortage. However, it is a good local solution, and will 
partially limit the water shortage. Rain catchment is recommended for private 
households and in the school's area. 

7.3. In order to supply the village with water from Lower Pond a complex system of 
pumping, storage and piping is needed. Estimation of project feasibility and costs 
calculation needs to be done together with governmental representatives from 
REMREC and with local NGO's acting in Patle (alternatives 5.2-5.4). 

7.4. Maintenance (chapter 6) - Leakage checks at all existing water sources and piping are 
required in order to avoid water loss. 

7.5. Maintenance (chapter 6) - The intake structures of Juge Pani and Zage Pani need to 
be renovated and maintained. 

7.6. Maintenance (chapter 6) - Periodic maintenance needs to be held in renovated 
catchments and storage tanks, including disinfection, and water sampling. 

7.7. Maintenance (chapter 6) - Water sampling can be done annually, or before and after 
each periodic cleaning. Samples can be sent (within hours) to a lab in Kathmandu, 
and results of E. coli analysis can be provided. 

7.8. History of building "Zage Pani" water source is needed to be reviewed. It is important 
to understand the government’s involvement in funding, designing, building and 
operating the source. 

7.9. Health and sanitation status needs to be monitored and improved. An educational 
program should include instruction for water disinfection on household and 
community level (tanks, pipes) and hand washing lessons at school. 
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