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Implementation – Pre-Trip Plan 
 

Background Information 
 
EWB UF Nepal Team’s main focus is to supply an adequate amount of drinking water to the 
students of Shree Janahit Secondary School, located in Khanalthok, Nepal. Our project began 
in May of 2014. Since then, we have conducted two assessment trips and one implementation 
trip. During our assessment trips, we discovered that children were missing school quite 
frequently due to illnesses fecal coliform bacteria contamination of the local water sources. 
Therefore, our primary goal is to improve the health of the children who attend the secondary 
school by improving water quality and water supply, which will subsequently promote the 
school’s attendance rate. 
 
During our implementation trip last summer, we installed rainwater catchment systems tap 
stands for handwashing, and a small plastic tank to hold water for the tap stands. This year, we 
intend to augment the water supply by implementing a 30,000L ferrocement storage tank and 
connecting the existing rain catchment system to the tank. Additionally the rain catchment 
system will be modified to allow flushing of the system. . 
 
 
 
  
1.0  Facility Design 

1.1  Description of the Proposed Facility 
The proposed facilities for the Secondary School is a 30,000 liter ferrocement water 

storage tank and that will collect rainwater from the rainwater catchment system. Our team will 
also be implementing a first flush system at the previously installed rainwater catchment system 
to remove large particulate matter from the water. Details of the first flush can be located in 
Appendix - A, page 2.  Along with implementing the tank an installation of a 0.1HP solar pump 
to fill the existing 2,000 liter prefabricated plastic tank near the girl’s latrines. This water will be 
used for the wash station, girl’s latrines and used to fill ceramic filters for drinking water. In the 
figure below named Site Drawing features the location of the proposed 30,000 liter tank. 

 
 
 
 



 
 

  
Figure 1. Layout of the Shree Janahit Secondary School buildings and proposed tank 

location.  
 

1.2  Description of Design and Calculations  
 
Our team first calculated the amount of rainfall that the community would be able to 

collect and subtracted the demand (demand equation is found in section 1.2.1) to figure out 
what size volume tank the community would need to get them through the drought season. 
Based on these calculations and input from the community, a 30,000 liter tank was determined 
to be sufficient amount of storage. In the subsections below the, first flush design, the lateral 
earth pressure, loading due to seismic activity, bearing capacity, tank calculations and pump 
and piping analysis are all examined. The main findings are in each subsection and the 
calculations and references are located in the relative Appendix. 

        1.2.1 Rainfall Data 
Rainfall estimates 
We calculated the potential water supplied by the rainwater catchment system using the 

area of each of the roofs. Last year a stormwater catchment system was installed which collects 
water from three different buildings with aluminum roofs. Each building’s roof area was 
calculated and used to calculate the collective amount of water supplied to our tank (the roof 
area data can be found below). Accurate rainfall data for the small rural community of 
Khanalthok does not exist, so we used monthly average rainfall data from 1981-2010 from the 
Nepal Ministry of Science, Technology & Environment’s Department of Hydrology and 
Meteorology. The Kathmandu Airport station has a similar elevation and distance to the 
mountains located to the north, we estimated the rainfall at the secondary school using data 
from the airport. We multiplied the total roof area by the average monthly rainfall to estimate 
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each month’s water volumes. A water runoff factor of 0.8, found in “Design of Stormwater 
Filtering Systems” by Richard Claytor and published by the Center for Watershed Protection, 
was included in the calculations to account for any overflow or leaks that may occur. A table and 
graph of expected rainfall can be found below.  

 

Roof 1 ft m 

Length  52 15.8496 

Width  25 7.62 

Area  120.774 m^2 

Roof 2   

Length  57 17.3736 

Width  25 7.62 

Area  132.387 m^2 

Roof 3   

Length  55 16.764 

Width  25 7.62 

Area  127.742 m^2 

 Total = 380.902 m^2 

Table 1: Roof dimensions and corresponding area 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 



 
 

Month May June July Aug Sept Oct Nov Dec Jan Feb Mar April 

Precipitation 
Normals 
(mm) 

123.6 236.3 363.4 330.8 199.8 51.2 8.3 13.2 14.4 18.7 34.2 61 

Precipitation 
Normals (m) 

0.123
6 

0.236
3 

0.363
4 

0.330
8 

0.199
8 

0.051
2 

0.008
3 

0.013
2 

0.014
4 

0.018
7 

0.034
2 

0.061 

Total Area of 
Roofs (m^2) 

380.9 380.9 380.9 380.9 380.9 380.9 380.9 380.9 380.9 380.9 380.9 380.9 

Mean Monthly 
Roof Runoff 
(m^3) 

37.66 72.01 110.7 100.8 60.88 15.60 2.529 4.022 4.388 5.698 10.42 18.59 

Mean Monthly 
Roof Runoff 
(L) 

37,60
0 

72,01
0 

110,7
00 

100,8
00 

60,88
0 

15,60
0 

2,529 4,022 4,388 5,698 10,42
0 

18,59
0 

Table 2. Water supply calculations based off of rainfall averages 
 

 
Figure 2. Graphical representation of the expected monthly rainfall at the secondary school 

 
 

 
 
 
 



 
 

 
Water Use and Storage 
 
Cumulative monthly rainfall runoff determines water available for use. The rainy season 

is between the months of May and August as seen in Table 1. Water usage by the students for 
drinking water, hand washing, and general sanitation is calculated based on the Sphere 
Handbook, a document including the minimum standards in water supply, sanitation and 
hygiene promotion created by multiple humanitarian NGOs. For the demand calculations, we 
referenced the Sphere Handbook which is a humanitarian charter that lists the minimum 
standards in humanitarian response which matches with the EWB guidelines in regards to daily 
required water consumption; however this handbook is preferred as it specializes requirements 
for students at the school of attendance. The Sphere Handbook states that the minimum 
quantity of water to be used for drinking and sanitation purposes at a secondary school is 3 
liters of water per student per day. Additionally, since this is a school, there are a number of 
days the students will not be attending due to holiday. Below is a table provided by our NGO 
partner Shree Krishna, with Rural Tourism and Environmental Development Nepal, which 
details the number of holidays per respective month. 
 
 

Month Public 
Holidays 

Saturdays Dashain 
Holiday 

Tihar 
Holiday 

Summer 
Vacation 

Total 
Holidays 

April 2 3    5 

May 3 4    7 

June  4   15 19 

July 1 4   15 20 

August  4    4 

September 1 4 11   16 

October  4 5 5  14 

November  4    4 

December 3 4    7 

January 5 4    9 

February 3 4    7 

March 4 4    8 

 22 47 16 5 30 120 

 
 
 
 



 
 

Table 3: School Holidays 
 

Monthly Water Demand = (3 L of water) x (350 students) x (school days per month) = X L 
 
 

Month May June July Aug Sept Oct Nov Dec Jan Feb Mar April 

Mean 
Monthly 
Roof 
Runoff (L) 

37,600 72,010 110,700 100,800 60,880 15,600 2,529 4,022 4,388 5,698 10,420 18,590 

Monthly 
Demand 
(L) 

25200 11550 11550 28350 14700 17850 27300 25200 23100 22050 24150 26250 

Remaining 
Water 
Supply (L) 

12,400 60,460 99,150 72,450 46,180 -2,250 -24,771 -21,178 -18,712 -16,352 -13,730 -7,660 

Volume of 
Tank (L) 

30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 

Cumulative 
Remaining 
in Tank (L) 

12400 30000 30000 30000 30000 27,750 2,979 0 0 0 0 0 

Table 4: Water supply, demand and tank volumes 
 
 
** Due to the limited volume of the implemented tank (30,000 L), there is enough supply to last 
through the months of May through November, but not enough storage for December through 
April. However, allowing the students to have access to water from May-November still 
increases the amount of potable water accessible. The community is aware that this does not 
provide them will all their water storage need and that we are looking to increase the storage 
capability next year.  

 

 
 
 
 



 
 

 
Figure 3. Graphical representation of the expected remaining water supply per month at the 

secondary school 
 

1.2.2 Roof Calculations and First Flush Calculations 
During the first implementation trip, rainwater catchment systems were placed on roof 1 

and roof 2 at the Shree Janahit Secondary school as shown in Figure 1. In addition, a new 
rainwater catchment system will be placed on roof 3 and roof 4. However, all roofs will need to 
be fitted with a first flush system to catch the initial debris in the rainwater when it first rains. As 
the rain water falls into the gutter and pipe system, the initial contaminated water is collected in 
a diverter pipe. As the diverter fills with water the plastic ball (or small cylindrical plastic water 
bottle) inside the system will rise and block the debris from flowing into the clean water. The first 
flush pipe would eventually fill to the same level as the pipe that leads to the water tank. This 
would allow for the containment free water to flow to the storage tank. The bottom of the diverter 
pipe will have a screw off fitting at the bottom to allow for cleaning of the system as well as a 
small hole to allow a bibb drip from the pipe. The first step in finding the necessary size of the 
first flush system is to derive the area of the roof that will be used to capture rain water. 

Next, the volume of water collected and flushed due to debris is calculated based on the 
area of the roof. In this equation below, the gal/ft^2 ratio was retrieved from the Water 
Handbook HB 203-2006 Published by Australian Standard. The value of “y” is the first flush 
height, “r” is the radius of the pipe, and “x” is the roof area used. The detailed calculations of the 
the size of the first flush system can be found in Appendix - F.  

 
 f t (5.283gal/1076.39 f t ) 0.1337f t /1gal) (x f t /Π r  f t )y =  2

* ( 3
*  2 2 2  

 
 
 
 



 
 

 
Currently, the pipes used to connect the gutters to the temporary tanks are 2 inch in 

diameter. To fit the required function of the first flush system, the diameter of the diverter pipe 
must be larger than the rainwater pipes. Therefore, pipes of diameter 3 inches will be used as 
the diverter pipes. The locations and sizes can be referenced in the drawings located in 
Appendix - A.  

The PVC materials for the first flush system include: 2 inch pipes, 3 inch pipes, 3 inch 
pipe end cap, a 3 inch pipe connector with 2 inch-2 inch-3 inch holes, and a plastic ball or 
cylindrical water bottle larger than 2 inch diameter that will fit in the 3 inch pipe. Pipe straps will 
be added to the pipes for added support. The plastic ball or water bottle used to block the 
contaminated water will need to be replaced on an as-needed basis; over time the plastic will 
wear down and mold inside the pipe, causing the seal to be ineffective. 
 

1.2.3 Lateral Pressures on Tank  
Rankine Analysis 

The earth pressure on the walls of the underground tank were considered using the 
Rankine analysis for lateral loads. These guidelines and equations came from Earth Pressure 
and Retaining Wall Analysis for Geotechnical Engineers by Richard P. Wagner.  The Rankine 
Theory assumes:  

● There is no adhesion or friction between the wall and soil  
● Lateral pressure is limited to vertical walls  
● Failure (in the backfill) occurs as a sliding wedge along an assumed failure plane 

defined by phi φ.  
● Lateral pressure varies linearly with depth and the resultant pressure is located 

one-third of the height (H) above the base of the wall.  
● The resultant force is parallel to the backfill surface.  

 
The individual pressures are then calculated by the conditions considered for the 

geographical lateral earth pressure coefficients and height of the underground tank. The 
resultant stress caused by the soil, is Passive horizontal stress 𝞂𝞂hp=1052.2 psf. 
The results for lateral earth pressure based on assumptions and values that are calculated and 
referenced in Appendix - D.  

 
 

  
1.2.4 Seismic Loading 

 
We consulted with our NGO partner to determine what seismic calculations were 

standard in Nepal and he sent us “Guidelines to Seismic Design of Liquid Storage Tank” 
published by Indian Institute of Technology - Gujarat State Disaster Management Authority. 
These guidelines were used to determine the maximum hydrodynamic pressure exerted on the 
tank walls in the event of an earthquake. We expect a maximum hydrodynamic pressure of 29.2 

 
 
 
 



 
 

kN/m2 on the tank during an earthquake. All calculations and references for the maximum 
hydrodynamic pressure due to seismic loading can be found in Appendix - E.  

 
1.2.5 Ultimate Bearing Capacity 

 
For the ultimate bearing capacity, Terzaghi’s Bearing Capacity Equation for circular 

footings was used. The guidelines and equations came from Foundation Analysis and Design by 
Bowles, Joseph E. The values are explained and referenced in the Appendix - D and are based 
on generalized values due to no soil borings or test pits of the site. The observation was made 
by our mentor that the soil was silty clay and this was used to determine values of c and phi.  

 
1.2.6 Tank Calculations  

 
The design of the main storage tank followed the guidelines of the American Concrete Institute 
(ACI) 549 Guide for the Design, Construction and Repair of Ferrocement.  Along with the code, 
the forces on the tank wall were calculated by equations provided in Strength of Materials by 
Singer and Pytel.  The slab design considers both empty and full condition of the tank to 
determine shear and moment within the slab.  Next ring tension was calculated and both the 
volume fraction and specific surface per ACI 549, Section 5.6 were checked.  The cover follows 
requirements of Section 5.7.  Lastly, the bending moment and shear in the wall were checked. 
The roof will also be ferrocement design which guidelines from Portland Cement Association - 
Circular Concrete Tanks without Prestressing. The calculations are provided in Appendix B. 

  
1.2.7 Material Properties 

 
The concrete to be used for constructing the tank is of grade 20 MPa and the steel 

reinforcement bars are 12 millimeters in diameter grade thermo-mechanical treatment (TMT) 
Fe-500 manufactured by Panchkanya Group. The 20 MPa grade concrete is classified as type 
II, with compressive strength of 20 Megapascals .  Field mixing of the concrete will probably not 
achieve the rated strength of the concrete which is acceptable since our calculation used a 
conservative assumption of 17 MPa. The TMT Fe-500 steel reinforcement bars have an ultimate 
tensile strength of 413 MPa, and are highly resistant to seismic loads due to their high tensile 
strength. They are also corrosion resistant due to being cold-twisted, and have external rib 
deformations that ensure the bars securely bond to concrete. The combined strength of the 
concrete reinforced with the steel bars is capable of withstanding the compression of the 
contained water and seismic loads from earthquakes.  

 
1.2.8 Pipe and Pump Analysis  

 
The Bernoulli equation was used to find the outflow velocities at the wash station. Four 

different sets of the Bernoulli equation were created to reflect the four distinct pipe runs in our 
water system. The four pipe runs are: South buildings to main tank, North buildings to the main 
tank, main tank to holding tank, and holding tank to tap. The pressure was assumed irrelevant in 

 
 
 
 



 
 

all equations since everything is open to the atmosphere and nothing is pressurized. The tank 
was assumed to act as a reservoir, therefore its velocity was assumed to be negligible. All of the 
water system is gravity fed except for the main tank to holding tank run. Through our analysis 
there is sufficient head available in the South buildings to main tank, North buildings to the main 
tank, and holding tank to tap to be gravity fed. Our analysis also showed a pump that provides 
10 feet of head will be required to pump water from the main tank to the holding tank, which our 
solar power pump will satisfy as it provides a maximum of 100 feet of head. Information on the 
solar pump can be found in the list of attachments at the bottom of the document.  The 
methodology, outlined in Appendix F, was used to solve for the outflow velocity at the end of 
the respective runs in the water system. A full set of values can also be found in Appendix F.  
 
 
1.3  Description of Construction Drawings 

The tank drawings can be located in Appendix - A. First page is an overview of project 
location and a site plan of the school. The second page is a the proposed location of tank and 
proposed pipe dimensions along with details of the first flush. The third page is the detailed 
representation of the pipe penetrations and an overview elevation drawing. The fourth page has 
a conceptual drawing of the tank along with the layout for the ceiling rebar reinforcement, 
footing design and other details about the tank. The fifth page is a drawing of the floor slab 
reinforcement along with some details about the pipe penetrations. The sixth page is a wooden 
form support drawing for the inside of the tank.  

2.0  Construction Plan 
Description of what role the chapter will take during construction 

The role of the Engineers Without Borders Nepal team in the summer of 2017 would be 
to help complete the construction of a 30,000 liter ferrocement water storage tank that will hold 
water for use in the school. The team will be working closely with the community in Nepal and 
the help of our NGO contact and community representative, Shree Krishna Dhital of Rural 
Tourism and Environmental Development Nepal, to build this tank. There is a water committee 
in Khanalthok as well who will oversee the project. The people in the water committee are one 
of our main contacts, specifically the leader Mohan Kumar. Our NGO, Shree Krishna, will supply 
all the construction materials that can generally be found within 20 miles of the secondary 
school. We will also be working with two skilled laborers and two unskilled laborers in building 
this tank. 
  

Step by step instruction for key construction tasks- All figures in the Construction plan 
can be found in the list of attachments under figures. 
 
 
 
 
 

 
 
 
 



 
 

 
 
 
Construction Task Descriptions 
  

Work sequence and description for building a 
water storage tank, type 1 

Notes and recommendations 

1.      Clear the area of the site where the tank is 
proposed to be constructed. Establish an exclusion 
zone 

Mark a 3 foot (0.9 m) exclusion 
zone around the excavation area 
to keep workers safe 

2.      Excavate down to the 1.83 m below surface (4.6 
m diameter) 

Maintain ¾:1 height:depth slope 
and 53 degree angle when 
removing soil from hole1. Make 
sure to use timber shoring to 
stabilize excavation sidewall. Use 
ladders for hole entry/exit to 
avoid getting trapped. 

3.      Refill with a sand and/or gravel layer of 
approximately 200 mm 

Periodically check excavation 
sidewall stability and make sure 
slope and angle of removed soil 
is correct. 

4.      Compact the fill  Compact with tampers; if 
primarily sand, the compaction 
can also be done by sprinkling 
with a little water and ramming 

5.      If necessary, the surface is to be leveled  

6.      Mark the circumference of the tank slabs and the 
ring trench with pegs 

Pegs from core to core are 1 
meter 

7.      Excavate the ring trench to the proper depth and 
line its outer edge from formwork 

Formwork can be made of: 
bricks, stabilized sand or 
plywood 

8.      Polyethylene sheets are to be spread over this 
area 

An alternative is a layer of screed 
approximately 20 mm 

9.      Place the reinforcement for the ring trench and 
for the floor slab and fix the bars together with tying 

The Figure 1 shows the layout of 
rebar reinforcement for the ring 

 
 
 
 



 
 

wire trench and floor slab.  

10.   Check the circumference of the starter bars by 
describing a circle with a rope from the post to the 
center of the proposed tank 

Take special care that the bars 
are in the right position 

11.   Mix cement, sand and gravel to a dry mortar 
(1:2:3) 

Volume – batching: use 
measuring boxes or buckets 

12.   Add water to the dry mortar in the proportion: 
cement-water: 1:0.45 (by weight) 

The mortar can be mixed by 
band or by a powered concrete 
mixer 

13.   Cast and compact the mortar for the floor slab 
and ring trench 

 

14.   Level and finish the surface of the slab with a 
straight edged board or plywood 

 

15.   Immediately after casting, protect the slab 
against weather influences by covering it with plastic 
sheeting or wet socking for a week 

This is important in tropical 
climates 

16.   Refill the outer circumference with soil up to top 
of base slab. 

Use the topsoil that was removed 
earlier 

17.   Compact the fill  

18.   Assemble and erect the rebar frame on the floor 
slab 

Make sure to cover rebar to 
avoid risk of impalement 

19.   Make sure that they are plumb and attached to 
the manhole cover. 

 

20.   The form pipe is to be cleaned and slightly oiled 
to allow easy removal of the mold after plastering. 
This will be placed on the inside of the rebar frame. 

You can see this in Figure 2 & 3 

21. Wind the wire mesh around the outside surface 
of the formwork 

 

22. In combination with the wire mesh, the reinforcing 
wire is to be wound around the mold at the distances 
indicated on the drawings; tie the wire mesh and the 
reinforcement firmly into place with tying wire 

The wire mesh and 
reinforcement should overlap by 
at least 500 mm. Reinforcement 
and wire mesh of tank can be 

 
 
 
 



 
 

seen in Figure 4. 

23. Mix cement and sand to a dry mortar (1:2) Volume-batching: use measuring 
boxes or buckets 

24. Add water to the dry mortar in the proportion of 
cement:water = 1:0.45 (by volume) 

Water to cement ratio is checked 
by taking volumes, 62.4 pcf for 
water and 94 pcf for Portland 
Cement, and the respective 
weight of the cement and sand 
and using the ratio to find amount 
of water necessary. 

25. Carry the prepared mortar to the side of the wall 
on a troweling board. The board prevents dirt from 
reaching the mortar, and any surplus mortar can be 
caught on it 

Apply the mortar quickly; once 
the mortar is more than half an 
hour old it must be removed from 
site 

26. Start plastering or troweling: the mortar can be 
applied by hand to the walls with a plasterer's steel 
hand float and a hand hawk. The mortar is troweled 
from the base of the wall upwards. Each layer of 
plaster should have a thickness of approx. 10 mm. 

-In Figure 5, you can see the 
plastering being applied 
It is important to trowel in an 
upwards direction to fill the 
corrugations and fully cover the 
reinforcing wire 

27. Depending on the wall thickness, 4-5-6 or 7 
layers are to be applied 

 

28. Each layer should be bonded sufficiently but 
shouldn’t be hardened completely. Then, the surface 
must be roughened with a wire brush or a trowel 
(comb form) 

If the first layer is not finished or 
the plastering must be 
interrupted for several hours, it is 
desirable to keep the 
construction joint as dust free as 
possible before starting the next 
plastering operation. 

29. Clean the surface and remove loose materials 
before applying the next layer; if joints are necessary 
they must be made in a horizontal line around the 
tank 

 

30. The plastering operation is completed when the 
total thickness has been reached 

10 cm is the desired thickness of 
plaster 

 
 
 
 



 
 

31. Remove the formwork/mold after hardening of 
the last layer of the wall 

 

32. Plaster the inside of the tank to the indicated 
thickness and ensure the reinforcement is fully 
covered. 

Be sure the joint between the 
floor slab and the wall is curved. 

33. Trowel both surfaces very smooth with a 
toe-slipper. If a rough surface is required to ensure a 
good bonding surface for painting, the wall should be 
washed down with a sponge 

 

34. IMPORTANT: cover the wall with plastic sheets 
or wet sacking for a week to protect the structure 
against weather influences. (This procedure is 
called:" curing") 

During the first 24 hours after 
plastering, the surface should not 
be permitted to dry 

35. After curing and drying of the tank, the joint 
between the tank slab and the tank wall is to be 
painted twice with bituminous paint (both sides) 

Make sure to uniformly apply the 
paint with smooth and even 
vertical strokes 

36. The water tank is to be tested by filling it with 
water. A newly built empty tank should always be 
filled slowly and it should be left for a week with a 
shallow depth of water at the bottom before filling 
completely. 

Check the tank periodically for 
leaks and any cracks that may 
result. 

37. After testing and after drying the water tank for a 
week, painting can be carried out if desired. 

 

1.     Per OSHA manual 
  
 MAY 2017 - Gantt Chart for Travel and Major Tasks  
  

 
 
 
 



 
 

 
 

In Nepal during the month of May of 2017, the sun rises at approximately 5:30 in the 
morning and sets at approximately 6:40 in the evening. Each day will give us about 13 hours of 
sunlight that we should use to our full advantage. This tentative construction plan will be based 
on a relatively regular nine hour work day assuming that construction will start at 8am and finish 
at 5pm. This plan is based on an estimate of a total of 9 days of our team being in Nepal. Our 
team will be working with the help of our NGO Shree Krishna, two skilled laborers and two 
unskilled laborers.  
 
 3.0  Materials List and Cost Estimate 
 

Materials 

# Material Quantity  Unit Unit price 
NRs 

Total Price 
NRs 

Total Price 
US 

1 Sand(coarse) 450 ft3 150 67500 642.86 

2 Cement 65 bags 850 55250 536.19 

3 Rebar(12mm) 200 kg 90 18000 171.43 

4 Stone 5 m3 2800 14000 133.33 

5 Aggregate 90 ft3 140 12600 120.00 

6 Galvanized Pipe 
(D=2in) 

30 m 375 11250 107.14 

7 Galvanized End 
Cap 

2 Pieces 175 350  3.33 

8 Plain Wire  50 Kg 100 5000 47.62 

 
 
 
 



 
 

9 Binding Wire  8 Kg 100 800 7.62 

10 Manhole Cover 1 piece 475 475 4.52 

11 Galvanized Valve 
(D=2in) 

1 piece 8000 8000 76.19 

12 Galvanized Elbows 
(D=2in) 

5 Pieces 325 1625 15.48 

13 .1hp solar water 
pump 

1 Pieces  43075 43075 400.00 

14 Ceramic Filters 8 Pieces  1500 12000 114.29 

15 Chicken Wire 5 rolls 2250 11250 107.14 

16 Bamboo 10 Pieces  250 2500 23.81 

17 Water repellent 
mixture 

5 literes 300 1500 14.29 

18 Plumber’s Tape  10 Pieces  90 900 8.57 

19 50 mm HDPE 300 m 150 45000 428.57 

20 40 mm HDPE 300 m 70 21000 200.00 

21 32 mm HDPE 300 m 55 16500 157.14 

22 20 mm HDPE 300 m 36 10800 102.86 

23 Material for first 
flush  

4 Pieces 15830 63320 590.48 

23 Skilled labor  2  34280 68560 1255.86 

24 Unskilled Labor 2  52020 104040 952.38 

Sub - Total 648300 6858.72 

Contingencies (6.5%)  47910 456.29 

Tools (3%) 23955 228.14 

Total 792030 7543.14 
 

The cost estimate was developed with assistance from our NGO contact Shree Krishna 
Dhital of Rural Tourism and Environmental Development Nepal. Shree has confirmed that these 
prices are accurate and that all of the materials can be purchased within 20 miles of Khanalthok.  

 
 
 
 



 
 

4.0  Draft Design Report Comments (Only Completed for Final Plan) 
 

EWB-USA PE Comment Chapter Response 

Water quality not discussed in this plan 
possibly investigated in a previous report will 
the tank need to be disinfected and will the 
ceramic filters be sufficient? 

The water quality is that of rainwater and the 
ceramic filters will be a sufficient way to filter 
out all bacteria and viruses. We are also 
looking into placing chlorine tablets into tank 
to further disinfect the water. 

Where will the overflow pipe be draining to? 
Does this area need reinforcement or erosion 
protection? 

The water will be draining to a drain pit that 
we created for the washstation last year. This 
pit will provide enough drainage to protect 
against any erosion. 

Will the pressure switch be sufficient or would 
a float switch on the 2000L tank be more 
appropriate? 
 

We have checked with the manufacturer and 
there is a float switch attached to the end of 
the pump.  

Only way planned to remove water from tank 
is solar panel? If panel is stolen, broken or not 
sunny then the system will not function. Is 
there a backup system planned or a system 
that can run in parallel, what did they use for 
the last tank? 

We have decided to go with a hand pump in 
parallel with the solar pump just in case the 
solar pump is damaged or stolen. In the last 
tank they used a bucket and string to take out 
the water.  

Frost concerns for piping? Does it get that 
cold at this site? 5000 ft elevation quick look 
at Katmandu says 30°C for low in winter not 
sure what temperature at higher elevation is? 

We have contacted the school and they have 
assured us that the weather doesn’t get cold 
enough for the water to freeze, so we don’t 
have to worry about frost conditions. 

HDPE in cost estimate and pictures of pvc in 
materials price and drawings. Is equipment 
available to butt weld hdpe? Will the chapter 
proceed with HDPE as stated in Alternative 
Analysis? 

The NGO that will be doing most of the work 
has confirmed that the HDPE pipe is actually 
used for forming the walls. We will be going 
with pvc to connect the rain catchment 
system to the tank.  

How were soil types determined ? Soil type was determined by soil inspection 
by our mentor Maurice Tobon. He came to 
the conclusion that the soil was silty clay and 
that assumption was very conservative. We 
used this to find generalized values for phi 
and cohesion (c).  

 
 
 
 



 
 

What will hold the 2000 liter plastic tank? Will 
it be elevated or on ground? 

The tank is already resting on top of the girl’s 
latrines. This was placed there after we have 
left. The tank was properly strapped to the 
roof and the school has confirmed that the 
structure is strong enough to hold the tank.  

Was the damage to the previous ferrocement 
tank on the site related to the earthquake? 
Will the new tank have the same design as 
that tank or modification to prevent cracking 
under similar conditions? Is there a way to 
modify the design so that similar damage to 
this tank could be repaired? 

The tank before was not  damaged by the 
earthquake. The previous tank was a very 
primitive design and our design has taken 
into consideration seismic loading. If damage 
were to occur to the proposed tank the staff 
at the school will be able to repair.  

Who has experience with constructing 
ferrocement tanks on your team? You 
mention skilled workers that will help - do 
they have any experience? 

We will help in some of the construction of 
the tank but most will be done by the NGO 
and his team. They have built a few tanks 
already. Also Raymond Parkerson our design 
lead has 8 years of construction background 
as is highly capable of building a ferrocement 
tank.  

You report talks about a solar pump. Who will 
be doing this work? 

The NGO will be providing the professional to 
install the solar pump.  

What is groundwater surface elevation? Is 
there a risk of uplift when the tank is empty? 
 

The groundwater elevation is more than a few 
hundred feet below ground surface. There will 
not be any risk of uplit do to pore pressure.  

It looks like a contractor will be doing a lot of 
the work when you are not there. How will the 
work  be inspected? Provide quality control 
and assurance program. 

Our NGO lead has assured us that he will 
send photos every day and that we will have 
daily meetings over video conference to go 
over any situations. 

 

5.0  Project Ownership 
The Shree Janahit Higher Secondary School will own and operate the  

rainwater catchment system and ferrocement water storage tank. The secondary school’s 
maintenance staff will be the operate and maintain the system. The secondary school is a local, 
public entity, therefore, the maintenance of the system will be the responsibility of the school’s 
janitorial/maintenance staff under supervision of the principal. 

6.0  Operation and Maintenance 

 
 
 
 



 
 

The designated operations and maintenance procedures, along with the assigned 
individuals and instructions are provided below and also within the manual. 
 

Code Task Frequency Assignee Materials Needed  

A Clean off ceramic filters Every 3 days or after every 
day of rain 

Staff designated by 
school principal 

Clean cloth 

B Remove mineral deposits from 
water output areas 

Every 6 months Staff designated by 
school principal 

Vinegar or Baking 
Soda + water 

C Replace filters Every 2 years Shree Krishna Ceramic filters  

D Empty and clean system After every major rainfall School Janitor Clean cloth 

E  Clean the tank Whenever the tank is 
empty 

School Janitor Clean linens, other 
cleaning materials 

 
A.Take the clean cloth and wipe down the filter’s internal chamber. 
B.  Soak a cloth in vinegar/baking soda and water, and wipe down any mineral deposits 
(green/brownish looking stains) accumulating on the any spigot/water output valve and around 
the spigots 
C. Replace the filter with a new one, provided by Shree Krishna 
D. Unscrew the cap in the bottom of the chamber shown in the picture above, and clean out the 
chamber with a clean cloth. 
E. Whenever the tank is empty of water, cleaning should take place by clearing out debris 
manually and lightly scrubbing down the sides, if possible, with over-the-counter cleaning 
materials. 
 

The cost of maintenance is very minimal, as most of the procedures involve either simple 
cleaning, which can be done with materials locally present within the village, or emptying out of 
water reservoirs. The only capital cost would be replacing ceramic filters located throughout the 
school, which would be provided by our affiliated-NGO for a price of 1200 NPR (~11 USD)  per 
filter, since labor is already provided by the school’s maintenance staff. 

The staff assigned to O&M will mostly be attributed to the school janitor present at the 
school, another staff member to be assigned to the principal in an approaching date, and Shree 
Krishna, the head of our affiliated NGO. The Operations and Maintenance Manual can be found 
as Appendix - C. 

7.0  Sustainability 

7.1  Background 

 
 
 
 



 
 

Lack of a consistent water source and storage at the secondary school has been the 
primary focus of this project. Although there are large amounts of rain during the monsoon 
season in Khanalthok, the community and school lack the infrastructure to collect and store the 
water. In the community rainwater harvesting is being used by some of the households for 
domestic use. Therefore, this project is familiar to the community and school and can be easily 
implemented and maintained. One proposal investigated was to collect the water after students 
washed their hands and using it for irrigation at the secondary school. Although the school 
principal liked this idea, he said there is not enough land at the secondary school to adequately 
grow crops and take advantage of this greywater. 

7.2  Organizational Capacity of the Community 
The secondary school will directly be responsible for the operation and maintenance of 

the implementation project, however there is a water committee in Khanalthok that will 
oversee the project. The water committee consists of ten members that meet biweekly. The 
water committee has been our longest community partner and one of our main contacts. The 
members of the water committee, specifically the leader Mohan Kumar, have been positive 
about installing a new water system at the secondary school since our first assessment trip in 
May 2014. Our communication team regularly contacts Mohan Kumar to receive updates on the 
secondary school and the community of Khanalthok as a whole. The water committee in 
collaboration with the principal were consulted for advice on our design plans. 

7.3  Financial Capacity of the Community 
The community of Khanalthok is able and ready to pay the 5% of the project that was 

initially agreed upon. The fee structure has not been finalized but we are in communication with 
the water committee and they are setting up the fee structure to pay for this project. 

7.4  Technical Capacity of the Community 
The implementation project has very low operation and maintenance required and is well 

within the capacity of the community. Our system consist of a solar pump, which the community 
will be able to maintain after training during the implementation process. 

7.5  Education  
We spoke to community leaders and have coordinated specific dates where the women 

and children will arrive at school to attend lessons of hygiene with our team. The community has 
expressed concerns for the hygiene of older girls through puberty and our team will aid in 
addressing the problems they have with informational booklets created with UNICEF produced 
materials used as a reference.Our Education lead during the last implementation trip was able 
to hold a health presentation for the students at the secondary school as a part of the unveiling 
of the wash stations. This educational seminar was highly regarded in the community and thus 
will be held in accordance with the teachers and community leaders once again to give the girls 
an overview on hygiene, menstruation education, as well as a segment of self defense. In 
addition, a booklet will be given to the school for future education of students. For more hands 

 
 
 
 



 
 

on learning, the students will be asked to demonstrate the hand washing techniques as well as 
given a general education segment. The next goal is to allocate funding for fabric and sewing 
machines that will allow the female students to become empowered through a sewing workshop 
where they will be able to eventually fabricate and eventually sell their own reusable 
menstruation kits to not only increase the economy in the long term but also serve as a self 
esteem boost in general. The male students will be given a similar educational seminar with 
some differences in depth of material on menstruation but a larger focus on respect of each 
other and women.  

For terms of upkeep of the system, a Operations and Maintenance manual will be given 
to help with upkeep of the tank and first flush system.  
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Solar Power Pump 

 
.1hp Solar Pump 
 Features: 
• No inverter - D.C. motor connects directly to solar array 
• Rugged construction 
• Simple installation and maintenance 
• Highly reliable 
• Long operating life 
• Reliable and durable 
• Easy to operate and maintain 
• Eco-friendly 
• Self Priming 
• Built in Pressure switch 
• More than 4000 litres water delivery in sunny day 
• Can be coupled with hand pumps 
 
 
 

 
 
 
 



 
 

Input Voltage  12 to 18 Volt DC 

Maximum Ampere 5 Ampere 

Total Head Up to 36 metres 

Maximum Discharge 700 LPH 

Maximum Suction Head 6 metres 

Maximum Delivery Head 30 metres 

Wattage 80 Wp 

  
 
The following diagram shows the fundamentals of the solar power pump. The rectangles represent 
each component of the system. The black lines represent the negative connections and the red lines 
represent the positive connections within the system.  

 
 
The power supply begins with the photovoltaic solar panel. This solar panel will be polycrystalline in 
nature with a rigid frame. The panel will supply 80W of power and a voltage of 12V. From the PV pane, 
the charge will go through a charge controller. The controller will limit the amount of energy that is input to 
the deep cycle battery in order to prevent overcharging. From the controller the charge will flow to the 
deep cycle battery. Deep cycle batteries are optimal for solar collector systems because of its longevity. 
Ideal, the system will be able to last over 5-10 years. The battery will then be able to power the 
submersible water pump within the tank when needed. The pump has a maximum head of 36 meters, 
well above the depth of the tank.  
 
 
 
 
 

 
 
 
 


