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Introduction:


This manual has been written with the intent to provide volunteers and other grass roots extension agents the basic information necessary to build rainwater catchment ponds using local materials and skills.  Rainwater catchment ponds harvest and take advantage of rainwater in order to increase irrigation capacity, provide drinking water for animals, or supply water for domestic use.  Undertaking such a project can appear to be a rather large and daunting task.  However, with the proper planning and cooperation, these projects can be easily accomplished and can greatly increase the water resources available to farmers in dry areas. 


In this manual, we will attempt to elaborate the various processes involved with an ado project from the point of view of actual fieldwork.  The information contained in this manual is the result of an rainwater catchment ponds project that the authors managed in the community of San Antonio de Condoriri in the Bolivian Department of Oruro.  Funding for this project came primarily from the Small Projects for Development fund of the United Nations Project for Development (PPD-PNUD) and was for the construction of 10 rainwater catchment ponds benefiting 40 Aymara Indian families.  While conditions throughout Bolivia and in other parts of the world may vary widely, the techniques and methods introduced in this manual are presented with the hope that they prove adaptable to any variety of situations and climate types. This manual is designed to lead the reader through the successive field processes involved with an rainwater catchment ponds project.  Its’ purpose is to explain as simply as possible ways in which those with limited resources can construct rainwater catchment ponds.  For more detailed information there exist many other excellent and more technically oriented manuals and books that we will refer to throughout this manual. 
Historical Overview


For many centuries now, rainwater catchment ponds have played an important role in the life and livelihood of the small-scale farmer.  Rainwater catchment ponds, or adaptations of rainwater catchment ponds as we know them have existed in just about every part of the world.  Some of the other names they have been known by are Ahars (in Bihar), Khadins (in Rajasthan), or Atajados (in Spanish).  However, while the names and exact methodology may vary, the basic idea and concept remains constant. 


Rainwater catchment ponds function by harvesting rainwater from nearby slopes and then channeling this water into a central pond whereby the water may be extracted at a later date for on-farm and domestic uses. In addition to the ponds, this system employs the use of sedimentation traps, tubing, overflow canals, and a canal collection system (Figure 1). Rainwater catchment ponds are expensive to construct and normally run from $900-1,200 per pond of 1000 cubic meters in volume.  However, the benefits that rainwater catchment ponds can provide in the form of increased farm production and subsequent income can provide a positive return on the initial investment. Furthermore, with proper yearly maintenance and use, these ponds can function for up to twenty years without requiring serious rehabilitation. 
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Figure 1: Description of Rainwater catchment ponds

Preliminary Work
Locating a rainwater catchment pond site:


The primary factor to take into consideration is what the rainwater catchment ponds are going to be primarily used for.  While supplemental crop irrigation is the traditional use, rainwater catchment ponds can be utilized for a variety of other activities such as providing water for both domestic use as well as for livestock systems.  All needs should be addressed utilizing a participatory process with the local beneficiaries. As supplementary irrigation needs will vary according to the region and crops used pond storage size should be adjusted accordingly. In the case of domestic and livestock use, estimates of water requirements should take into account some of the estimations from Tables 1 and 2.

	Species
	Liters of water per head per day

	Cattle
	20 to 40

	Dairy Cattle
	70 to 100

	Horses
	30 to 40

	Sheep and Goats
	1 to 5

	Alpacas and Llamas
	.5

	Pigs
	3 to 6

	Lactating Pigs
	25

	Ducks and Chickens
	.2 to .3

	Source: Agricultural Compendium (modified), 1985 and M. Tichit, 1991

	
	Liters of water per member of family/day

	Adults
	15

	Children
	10

	Source: Field surveys from CEAC

Table 2


Another important thing that you are going to have to do when deciding where to place a rainwater catchment pond is to assess your needs. Rainwater catchment ponds and their complementary structures will occupy substantial space, with area increasing as water storage capacity increases.  Even small pond dimensions such as 600 cubic meters can occupy up to 25 X 25 meters of land.  Therefore, you must ensure that the proper space is available before placing this system.

Volume Characteristics for rainwater catchment ponds and their accompanying structures can be calculated using the following information:
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Figure 2: Pond Wall (side view)

Where:

Useful Water Height:

Hu = 2.00m

Dead Water Height:

Hd =  0.15*Hu = .30m

Excess Water Height:

He = Hu/2 = 2.00/2 = 1.00m

Total Height:

Ht = Hu+Hd+He = 2.00 + 0.3 + 1.00 = 3.30m

Crown width:

C = Hu/2 = 2.00/2 = 1.00m

Angles of support walls:

Interior angle m = ½  

Exterior angle n = 2/3 

[image: image3.png]



Figure 3: Volume Diagram (adapted from Tammes et al., 2000) 

Rainwater Catchment Pond Volume:

V = Ht/3*(S1 + S2 + ((S1*S2))

Where:

S1 = a * b


S2 = (A * B) = (a + 2Ht/m)(b + 2Ht/m)


When considering the location of a future rainwater catchment pond, it is important to recognize natural topographical features so as to best use them to your advantage. Any spot that appears to have a high runoff content can be a potentially good site so long as it’s not in or near a gully or river.  Normally, the best location for an pond is the low point of a slope or hillside however this may not always be the case or necessary (Figure 4). In many locations where there is a significant runoff capacity higher up on the slope it may be wise to construct your rainwater catchment ponds higher up and save the more fertile grounds below for crop cultivation.  In other words, when possible it would be wisest to avoid constructing rainwater catchment ponds over areas of higher agricultural potential so as to save those lands for production. 

The important features to look for when selecting a site are traces of canalization in the soil that may suggest strong runoff and soil quality.  In this stage of the process it’s very important to take into account the experience and knowledge of the local farmers as to where the highest runoff occurs.  You will never want to construct a pond on a slope that is greater than fifteen percent as the amount of dirt needed to be moved by the tractor during the excavation will be extremely high and the pond will never be completely stable for larger volumes. A good slope angle would be around seven to twelve percent. This would act to minimize dirt movements and thus tractor costs and yet still provide an adequate slope area for water collection. Slope angles can be as low as five percent in some areas. 


Nearby gullies can be a good indication of the amount of water runoff available for that area.  However, while gullies can provide good measures of water runoff, they are by no means good neighbors for rainwater catchment ponds.  Whenever possible, try to locate your ponds as far away from gullies as possible as to avoid any future problems with erosion of your pond walls.  This is often a major point of confusion with local farmers who may want to place their ponds directly in the path of gullies and streams in order to capture the highest quantity of water possible.  While placing rainwater catchment ponds within gullies is counterproductive, topping off a nearby gully with a dike and directing the water runoff via canal to the rainwater catchment ponds is highly advisable and can provide an excellent collection source.  
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Figure 4: Pond Placement Diagram


Another key factor to take into consideration when locating potential rainwater catchment pond sites is the surface soil characteristics for the collection/water harvesting areas. While soils that are rocky may give the greatest runoff potential, digging a trenching system in that rock is labor and time intensive. Therefore, it is best to select a site that has soils of a good runoff capability yet still remain relatively easy to excavate. 

Exceptions to the Gully rule:

Gullies as a rule are not desirable for pond placement.  However, in one instance in San Antonio de Condoriri we placed a rainwater catchment pond directly in a gully with the condition that the family construct contention dikes along the gully; The idea to slow down the flow of water so as to allow it to enter the sedimentation trap at slower speeds. In this case there was no need for collection canals to be built.

In another instance of a rainwater catchment pond site in Maiza, Cochabamba we saw ponds being placed just below a small gully.  In this instance, the technicians working with the NGO CORACA decided to build a series of large dikes throughout the gully using cement and then channel the water around the dike to the sedimentation trap leading into the rainwater catchment ponds.  They informed us that this was an acceptable exception to the general rule so long as the dikes are built high enough to control erosion.  
Soil Properties:


The requirements of rainwater catchment ponds are few.  However, the most important and often the most difficult to attain is the correct soil properties. In order to function as a retention basin for rainwater, it is necessary that the underlying soils consist of a clay or clay mixture (see figure 5).  The soil must be uniform and great care must be taken to ensure that the clay layer remains constant to the very bottom of the expected depth (usually one and a half meters at most).  In our experience, the most knowledgeable people regarding different soil characteristics are the local farmers themselves. It is impossible to overstate that selection of proper sites should be a participatory experience that utilizes both your technical knowledge and their farmers’ practical experience. 


In areas where the soil changes along a hillside slope, it may be necessary to dig a number of test holes to ensure soil uniformity.  Because the test holes must accurately reflect the underlying soil qualities of the site, these holes should be dug to the proper depth so that the parent material is exposed.  In this manner one can accurately determine the characteristics that will constitute the floor of the rainwater catchment pond.  While the depth at which parent material can be found varies depending on the soil, a good rule of thumb is to check soil quality at around 1-1.5 meters below the surface.  This soil should be subjected to a perforation test to ensure that it contains adequate amounts of clay.  These tests can be done quickly and easily using a variety of different methods.
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Figure 5:  Soil Triangle (acceptable soils are shaded)

Coke Bottle Perforation Test

In Condoriri, we developed a simple method to test soil infiltration rates without having to use costly equipment or send samples to labs. Using a 2-Liter Coke bottle, we cut the top part off at about the 1/3 mark. Then, using a knife we punctured a number of small holes in the bottle top and resealed it to the bottle. From each of the test holes we took a small amount of soil from the bottom of the hole and ground it up as finely as we could. We then filled the top portion of the cut bottle to about 1/3 with compacted soil and about 2/3 with water. The inverted top portion of the bottle was then placed within the bottom portion of the bottle and allowed to sit for 24 hours unbothered. At the end of the 24 hours we observed how much water had leaked through and determined whether or not the soil was suitable based on the amount of water in the bottom of the bottle. A few centimeters at most should be all the water that passed through. Most of the soils from our 10 different accepted sites had no leakage whatsoever and only some had a few drops in the bottom.   
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Construction Aspects

Pond Construction with Bulldozer:

Initial Preparation:


Once a site has been located and the soil has been tested, the next step is to measure out the area where the base of the rainwater catchment pond will be located. The easiest and most practical method is to measure two of the four sides of the rectangle and then verify that they are perpendicular using the Pythagorean theorem (Figure 6). Adjust the side of the rectangle until they are perpendicular.  After completing one half of the rectangle in this manner you should proceed to the other half using the same method.

Figure 6: How to Properly Measure Pond Dimensions





Once the floor of the pond is set the location of the tube must be measured. Although it isn’t extremely important that the tube be placed at the very center of the bottom pond border measuring this way can help relocate the tube should the tractor cover up all traces of it during the excavation. Using the Pythagorean theorem again you can verify that the tube is placed in a straight position in relation to the pond dimensions (Figure 7). The proper tube length should be around 12.5 m in order to exceed the 11-meter support walls and protrude a little on both ends. 

Figure 7: Tube Placement Method








The tube should be placed before the tractor arrives at the site and begins excavation work. It is usually advisable to place the tube around 70cm below the actual ground level so that it ends up being located at the desired 30cm height following excavation. The tube should be hand placed at a sloping angle in the trench and then carefully covered up so as not to rupture the tube (Figure 8). At each end of the tube a tall stick or marker should be placed so that the tractor operator can easily identify where the tube is and warn them when they come too close to the tube. This is important as the weight of the tractor (exceeding eleven tons) can easily crush the tube. Depending on your needs and pond volume the size of the tube will vary but a good size is around 2 inches.
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Figure 8: Tube Angle Figure


Before the tractor arrives you should also begin setup of the visual markers that will guide the tractor operator while he is excavating your pond. Due to the size of the tractor and the limited space involved within its movements inside the pond, it is not advisable to mark the actual boundaries of the pond floor. Instead, from each corner of the pond floor you should measure out another six meters and place a marker there. In this manner there will be a total of ten markers (including the two markers from the tube) to guide the tractor operator. The markers will serve to show the operator where he should not excavate past and where the boundaries of the pond are. The markers should be a minimum of one and a half meters high and have a plastic ribbon or some other easily identifiable object so that the tractor operator can easily locate them (Figure 9).

Figure 9: Tractor Guide Markers









Tractor Excavation:


 The tractor that you have selected should be equipped with a plow device on the back so that it can easily break up the hard soil without much work. Without this device, the pond may not be formed to the dimensions and characteristics that you desire as the frontal blade of the bulldozer can’t cut into the harder clay soils. A good tractor to use for this kind of work is the D6 Caterpillar as it is small, maneuverable, and doesn’t use quite as much gas in transport from site to site. Tractor rentals are normally charged according to hour and represent the greatest cost to a rainwater catchment pond project.  A rainwater catchment pond with a capacity of 600 cubic meters can take from ten to twelve hours to excavate depending on slope, soil type, soil characteristics, and other factors.


The first thing that the tractor operator should do upon arriving to a site is to remove all the topsoil and vegetation from the excavation area (approximately the top  ten centimeters of the soil). This is important because any vegetation or unsuitable soil may cause perforations in the pond walls that over time can cause erosion and leaks to form. Therefore, all topsoil and vegetation should be removed a distance from the pond site and only the suitable soil horizons beneath should be used in pond excavation and wall construction. 


Once that this has been accomplished, the tractor operator should move in a consistent manner to evenly excavate the pond. The lower and two side walls will be formed using excavated dirt while the upper wall will naturally form from the depression made from the excavations and by taking advantage of the natural slope of the hill. The tractor operator should pile the excess dirt on slowly and evenly so that the inner and outer angles of one half and two thirds are formed. At the early stages of excavation, the tractor operator should not directly move above the tube placement. However, they should push excess dirt from the sides onto the tube to ensure even formation of the pond walls (Figures 10 and 11). 

Figure 10: Tractor Movements and Direction of Formations









Figure 11: Tractor Movements and Direction of Formations 










 The resulting work should appear that the rainwater catchment pond has a rectangular floor with rounded and evenly formed support walls (Figure 12). 
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Figure 12: Pond Layout (side and top views)

Post-Excavation Work 

Within Pond:


Once the actual excavation work is done it is necessary to clean and strengthen the pond. In order for the rainwater catchment ponds to reach maximum volume capacity, it is necessary that all parts of the crown be leveled to the same level as the uppermost section of the crown. 

To accomplish this, the use of an engineering level would be best. 

Step1- Set up the level at a point near the top of the crown. 

Step 2- Select the desired point at which the top of the pond will cut of. This can be accomplished by measuring the distance from the bottom of the pond to the desired height at the top of the uppermost side. Since we know the angle should be around one half, we can deduce the distance on such a slope from the bottom of the pond to the top of the rainwater catchment pond using the Pythagorean theorem. 

Step 3- Using the rod, gauge the height that the uppermost point will be encountered from the eye of the level.  That number is your goal height for the pond walls. 

Step 4- Using that height obtained from the rod, have an assistant move around the crown of the pond and place markers where the level for each point will be. 


You should be sure to do this at least in eight different points to ensure that your markings are easy to follow and don’t vary widely from mark to mark.  In some areas it may be necessary to augment rather than remove dirt in order to maintain the level form. In these cases you should be able to use excess dirt from within the pond to pile onto those areas as well as dirt from the areas that you have removed. The overall crown needs to have a walkway of approximately one meter in width in order to facilitate future maintenance efforts.


In areas where an engineering level is not available, it is possible to use a clear hose or A-frame as a method to check the level.  Measuring from the desired point mentioned above, you should proceed methodically, ensuring that the level for each point is clearly marked. Although this method is more time consuming, it should nonetheless prove quite effective.


Once the measurements have been made and the pond owner is made aware of where the level should be placed it is necessary to begin the cleaning out of excess dirt from within the pond itself.  Following the excavation work by the tractor, there will be a large amount of excess dirt within the pond.  This dirt must be removed in order to prevent pond sedimentation and water volume loss. Excess dirt could be placed on the outside support walls to support areas where they appear thinner or not as stable.  This dirt can also be used to augment areas of the crown that are in need of more dirt. 


When the cleanup and leveling off are complete, it is necessary to begin compaction of the outside support walls of the pond.  Ideally, a mechanical compactor should be used during this process but in their absence shovels and compacting hand tools can be used. 

Step 1- Wet down the exterior surface of the pond the night before beginning work. Moisture content should be sufficient to allow for the infiltration of water into the clay soils so as to facilitate compacting. 

Step 2- The following morning, compaction of all exterior areas should begin and should be accomplished in the quickest way possible to ensure that the moisture in the soil is properly taken advantage of. 


Although the interior walls of the pond should have been well compacted by the weight of the tractor, it is necessary to compact these outer walls in order to protect against erosion and deterioration of the wall stability.  Placing rocks or planting grasses may also be an effective way of stabilizing the exterior walls. 

Supplementary Constructions


After the pond is cleaned, preparation of the various supplementary structures that will accompany the rainwater catchment ponds in rainwater harvesting and distribution can be undertaken.  The different structures are the following: collection canals, overflow canal, sedimentation traps, tube and spigot casing, outer wall stabilization, fencing, and water troughs (if desirable).  In this section we will deal with each subsystem and the best ways to construct each of them.

Collection canals:


The design of the collection canals has a great deal to do with the on the slope and the location of the pond. As a rule, collection canals should not exceed 1% in slope (0.5% is normally acceptable) and should run along an area that will allow for the greatest amount of rainwater collection possible. The canals can proceed of in either or both directions from the pond but should be sure to end up at the sedimentation trap. For this reason it is a good idea to begin all canal measurements from the desired entry point of the sedimentation trap. 


A number of different levels can be used to obtain the slope of these canals. The easiest and cheapest levels are the hose and A-frame which can be assembled quickly in almost any type of environment.  In the case of the A-frame, the two legs should be placed 2 meters from each other so that each centimeter will account for 1% slope. (Figure 13)


In the case of setting up a hose, one should realize that a slope of one half percent would have a decline of five centimeters over a ten-meter span or two and a half centimeters over a five-meter span. Starting from a level point, you should adjust the hose accordingly and clearly mark the water level on the hose. Using this method you can easily arrive at the proper measurements (Figure 14). 





Sedimentation Trap:


The collection canals should be designed so that they end up on the far end of the sedimentation trap. The trap can take any number of forms or lengths but must be deep enough to ensure that the sedimentation entering is allowed to filter down and long enough to enable the water to properly filter. A good size is around two meters by one meter with a one meter depth. (Figure 16). 









Entrance Canals:


The entrance canal is the canal that leads from the sedimentation trap directly into the pond.  In order to reduce the amount of cement used in the construction of the entrance canal, the sedimentation trap should be placed as close as possible to the pond.  The dimensions of the entrance canals should be approximately the same as those of the collection canals.  When building the entrance canal you should include energy dispersers every two meters or so as to ensure that the water does not enter the pond with a high velocity that could lead to erosion of the pond. Such dispersers could be in the form of steps or walls with alternating openings to slow water flow. 

Overflow Canal:


In order to ensure that pond integrity is not compromised once the pond reaches a maximum capacity, an overflow canal needs to be placed at some point along the crown of the pond. This overflow should be located at a point at which the excess water can be safely diverted away from the pond.  The runoff area should be lined with stones or grass to ensure that erosion is minimized. The overflow canal should be around two meters long and one meter wide to ensure an even and slow flow of excess water from the pond (Figure 17).

Tube Protection:

In order to protect the tube from clogging due to sedimentation, the entrance of the tube (on the inside of the pond) should be wrapped with a netting or plastic case.  If possible the tube should also be placed at an angle so as to enable water to enter without sediment filtering in.
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Figure 18: Tube Protection and Valve (side view)
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Figure 19: Tube Protection and Valve (top view)

On the other end of the tube the spigot and surrounding box need to be constructed so as to protect the metal from the elements and tampering.  Any design used in normal water systems could be considered acceptable (Figure 18 and 19). 

Fencing and Water Trough Design:


In order to ensure the stability of the pond walls and reduce sedimentation of the pond basin, construction of a fencing system to exclude grazing animals would be beneficial. Any fencing system should be constructed around the pond base and should be maintained on a regular basis. Animal intrusions into the pond are an important cause in the decline of pond integrity over time. 


In the case that the user wishes to supply drinking water to their animals, a small trough or basin could be constructed at some point below the main water valve. In this manner, animals would be discouraged from approaching the pond but still provided drinking water.  

Concluding Remarks:


The initiation of this project should be a complete participatory process involving not only technicians but also the beneficiaries in all phases of the project.  Additionally, outside assistance from local governing agencies or NGO’s may serve to provide extensive administrative and logistical support throughout all phases of these projects. A project such as this may take years from start to finish. For this reason, the more people involved, the more likely it is to succeed. 


Although they may appear quite daunting, the completion of this type of project has the potential to greatly increase the water availability for small farmers in arid lands. Through the application of these techniques, income generation through increased crop and livestock production can greatly help raise a family’s standard of living.

Appendix A: Model Proposal

DESCRIPTION OF THE PROBLEM

The central Altiplano (high plain) of Bolivia is characterized by adverse weather conditions (drought and frosts), especially in the case of precipitation in which low quantities and irregular distributions during the agricultural year are the norm. These factors added to a semiarid environment, act to limit the agricultural and livestock potential of the area and result in negative effects on the smallholder farmer. 

Given the topographical characteristics, land division, and the scarcity of hydraulic resources to build a micro-irrigation system for the community, many zones such as that of Ocovinto in the province of San Antonio de Condoriri lack sufficient quantities of water to adequately cover their requirements for their crops and livestock. In addition to these problems, the negative effects of the seasonal rains is that they produce large quantities of water runoff from the hills and slopes that result in a high water erosion rate and the subsequent loss of the productive topsoil. For example, in the years 1994 to 1998, it was determined that the amount of erosion in this area was equal to 187 tons/hectare/year.  This is equivalent to 1.4cm of topsoil with a runoff of 1001m3/hectare on soils with a slope of 26% and a prairie vegetative cover type (Informe Final de Investigaciones, CEAC-FCAP/UTO, 1998).

The capture and subsequent use of rainwater through small hydraulic projects (rainwater catchment ponds), is a method that has already been realized on both national and international levels of development.  One such example where these methods have been used with great success is in the town of Aiquile located in the department of Cochabamba. With the help of the United States Peace Corps and funds from United States Assistance for International Development (USAID), over 24 rainwater catchment ponds were constructed in order to increase farm production. 

In our efforts to bring this technology to the Altiplano, we at the Centro Experimental Agropecuaria en Condoriri (CEAC) feel that with a scientifically based approach and a community level participation we can not only increase the output of local farmers but also broaden our knowledge on alternative water sources for arid areas.  It is thus our hope that by combining this project with a variety of other techniques including: contour farming, infiltration and runoff ditches, terracing, agro forestry integration, and small dikes to prevent gully expansion, we can help to improve the lives and outlook of the smallholder farmer in the Bolivian Altiplano.

1. GENERAL INFORMATION

1.1 Project Site

The community of San Antonio de Condoriri is located in the Bolivian department of Oruro at an altitude of 3,830 meters above sea level and approximately 56 Km North-Northwest of the city of Oruro.     

1.2 Project Goal

In order to increase farm output and thus farm family livelihood, our goal is to construct ten (10) rainwater catchment ponds of approximately 2,000 m2 in size within the community of San Antonio de Condoriri.  Companion soil and water conservation practices and technologies would accompany all rainwater catchment ponds.   

1.3 Duration 

         The duration of the project will be 10 months. However, the period of execution under the development plan of CEAC will have a duration of 5 years including economic assistance from outside sources as well as collaboration from the Peace Corps through the work of a university-based volunteer. 

1.4 Beneficiaries

Within the province of Condoriri there exist about 80 Aymaran Families of which 40 will be direct beneficiaries of the project with the other families being indirect beneficiaries. During the process of participatory research and training, involvement of community women will be around 55%.

2. PROJECT SUPERVISION

The supervision of the project will be under the responsibility of  Jesús E. Cárdenas Castillo (Supervisor) of CEAC and Matthew Cohen (Peace Corps).

3. COSTS (In Bolivianos for one year)

	DESCRIPTION
	UNITS
	QUANTITY
	COST
	EXTERIOR FINANCING
	CEAC
	PEACE CORPS
	COMMUNITY 

	Personnel Services
	
	
	
	
	
	
	

	CEAC researcher
	Months
	10
	3,000.00
	
	30,000.00
	
	

	Volunteer technician
	Months
	10
	2,000.00
	
	
	20,000.00
	

	Manual labor
	Daily
	200
	20.00
	
	
	
	4,000.00

	Non-Personnel Services
	
	
	
	
	
	
	

	Tractor rental
	Hour
	80
	405.00
	32,400.00
	
	
	

	Soil Analysis
	Samples
	20
	200.00
	3,000.00
	
	
	

	Printing costs
	Piece
	50
	30.00
	1,500.00
	
	
	

	Lodging and courses
	Daily
	60
	8.00
	480.00
	
	
	

	Materials and Supplies
	
	
	
	
	
	
	

	Food for trainees during courses
	Daily
	60
	10.00
	600.00
	
	
	

	Gasoline for transport
	Liters
	1500
	2.70
	4,050.00
	
	
	

	Stone and sand
	N/A
	1
	2,000.00
	
	
	
	2,000.00

	Cement
	Bag
	200
	30.00
	6,000.00
	
	
	

	2´´ tubing
	Meters
	500
	12.00
	6,000.00
	
	
	

	2´´ spigot
	Piece
	10
	180.00
	1,800.00
	
	
	

	
	
	
	
	55,830.00
	31,000.00
	20,000.00
	6,000.00


Support Structure

External Financing
:  55,830.00 Bs.-(9,258.70 $us.-)

CEAC-UTO

:  31,000.00 Bs.-(5,140.96 $us.-)

Peace Corps

:  20,000.00 Bs.-(3,316.75 $us.-)

Community

:    6,000.00 Bs.-(995.02 $us.-)

TOTAL

:112,830.00 Bs.-(18,711.43 $us.-)

4. PROJECT SUSTAINABILITY

Experiences in other zones like Cochabamba (INDRI, CORRACA, CEDEAGRO, CESAT, and others), Tarija (Prodizivat and CARITAS), and Chuquisaca (ACLO and CEDEMA) have demonstrated that the duration of a rainwater catchment pond with good maintenance and proper use can last for 15 to 20 years or more.  In rainwater catchment ponds where there exist no maintenance and improper use, it is estimated that productive use will last for approximately 5 years depending on sedimentation rates and animal intrusion. 

These rainwater catchment ponds will contribute to the alimentary security of the smallholder farmers in that they will be able to realize addition production capacity during the agricultural year. Also, in addition to water for irrigation and livestock, these rainwater catchment ponds will provide a steady source of water for other uses (forestation, domestic use, etc.) without dependencies on outside resources (gasoline for water pumps, etc.).

The experience of former Peace Corps volunteer John R. Kuiper and his work in Aiquile, Cochabamba during 1992-1998 determined that with one rainwater catchment ponds of approximately 1000 m3, there was an increment of 0.46 hectares of permanent irrigation and 1.71 hectares of supplementary irrigation.   

5. OBJECTIVES

5.1 General Objective

To realize a process of participatory research which results in a better understanding and use of soil conservation and irrigation and water harvesting methods according to the development plan of CEAC. 

5.2 Specific Objectives

· To enable local smallholder farmers to increase their annual production through the harvesting and management of rainwater runoff.
· Evaluate and control water erosion on slopes and hillsides in order to avoid desertification of the soils. 
· Determine the viability to produce annual and perennial crops with supplementary irrigation from water runoff. 
NOTE: In some cases, the lowest point on the hill can be a bad place to locate an rainwater catchment ponds. In the community of Ocovinto, we located an rainwater catchment ponds within a natural depression hoping to take advantage of the natural bowl shape to form the rainwater catchment ponds easier. As it turned out, the soil in that area was moist and unworkable with the tractor and the water table ran only 1 meter down from the surface. After moving the site up 10 meters we encountered better conditions.  





Note: Underlying water tables are an important consideration when selecting a site for a rainwater catchment pond. In areas where the water table comes near the surface it is important to recognize that annual fluctuations in that table may cause to disrupt the stability of the Rainwater catchment ponds. 
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Figure 13:A-Frame setup
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Figure 14: Hose setup
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Figure 16: Sedimentation Trap Design
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Figure 17: Overflow Canal Design
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