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INTRODUCTION

Hillsides in Latin-America cover about one million sq. km and provide livelihood for some 200 million people.  Nearly one-half of this population is classified as “poor”.  Typically, the hilly landscape is heterogenous and is made-up of small plots.  Farming on the hillside has resulted progressive deterioration of natural resources due to combination of overgrazing, poor farming practices, deforestation and poor water management.  The introduction of Tilapia production could possibly improve the nutrition of farm families and local communities and provide a means of additional earning for improving economic status.  However, improper pond designs and construction and maintenance methods can result in failed attempts to introduce Tilapia as a successful alternative as well as increase possibilities of further deterioration of natural resources.


An important aspect for designing and successfully introducing Tilapia in Honduras and the adjoining regions is to have all stakeholders identify needs that include technical requirements as well as social and environmental issues important in the design of ponds and the production of Tilapia.  These needs must be concurrently considered for developing customized designs to match the requirements of individuals on a case by case basis.  Thus, concurrent consideration of all needs and the ability to provide a customized design are important.  This paper presents an approach to achieve this objective.  

PRINCIPLES OF DESIGN         

The fundamental method of pond design was based on the principles of concurrent engineering design methodology.  In this method all stakeholders, hereafter referred to as ‘customers’ (a person or entity that can impact in the building, maintenance and use of ponds for Tilapia production), are identified.  Our customer list included Honduras farmers, extension agents, government agencies, non-governmental organization, builders, and design engineers.  The “NEEDS” of these customers were identified and prioritized based on information from literature and input from experts representing perspectives of the identified customers.  To insure that pond designs met the identified NEEDS, specific measurable  requirements for each NEED were listed and quantitative targets set. In this approach, any design concept that meets all targets for measurable requirements will also meet all customer NEEDS.  Thus, all design concepts were evaluated to assess how well they will meet the set targets.  Approximately three measurable requirements were identified for each NEED.  For example, for the customer NEED ‘structural stability’, the measurable requirements identified were slope of interior dike, slope of external dike and embankment height.  Customers, customer needs, measurable requirements and design targets are listed in Table 1.

POND TYPES AND WATER BALANCE
The hillside pond was defined as a pond that is build on land slopes ranging from 2 to 15%.  Two types of hillside ponds were considered in this study: 1) a watershed pond in which water availability is entirely dependent on rainfall in the watershed catchment area, and 2) spring-fed pond in which water supply is entirely dependent on springs.  At this time ponds with mixed water source (watershed runoff and spring) are not included in the design.  Critical analysis of water balance considering water source, availability, distribution over time and losses is important in the design of ponds.  Thus, water balance models were constructed for both pond types.  For the watershed pond both runoff and evapotranspiration were modeled, whereas for spring-fed ponds only the evapotranspiration and rate of water exchange were used for modeling.  


The runoff model was based on the United States of America, National Resource Conservation Service (NRCS) recommended method.  In this method the determination of volume of expected runoff available for pond is based on the hydraulic condition of the watershed representing rainfall quantity and intensity, the size of watershed, and the curve number (which is a composite measure of the impact of ground cover and soil-type on partitioning of rain water to runoff).  Soil, rainfall, climatic and other natural resources data available on a GIS platform from Centro Internacional de Agricultra Tropical (CIAT) were used for estimating hydraulic conditions of selected locations in Honduras.  In this study we divided ground cover in the watershed to three conditions, viz, forested, pasture and mixed forest and pasture.  The respective NRCS curve numbers selected for the three ground cover conditions were 45, 68 and 57.  A study of Honduras farms size and location with the potential of using ponds for Tilapia production and the available natural resources data led to the conclusion that the three selected ground cover conditions will initially allow estimation of available water for ponds.


The evapotranspiration model was based on Blaney-Criddle method.  The loss of water through evapotranspiration is related to temperature, relative humidity, wind speed and other climatic conditions.  The water loss is calculated to estimate the amount of water needed from runoff to maintain a desired water level in watershed ponds.  For spring-fed ponds, the estimated water loss from evapotranspiration and the desired exchange of water in the pond must be provided by spring supplying water into the pond.  


Climate plays an important role in estimating water balance.  For Honduras, monthly average temperature and monthly rainfall were available.  We selected six geographic locations distributed across Honduras and based on number of years of available record for the candidate locations and on the results of in-depth analysis of rainfall to estimate water availability for watershed ponds.  These locations were Comayagua, Chouleteca, Santa Rosa, Catacamas, La Ceiba and Sico.  Rainfall data from these locations were used to estimate 90% probability distribution.  This analysis gave a good representation rainfall distribution in the six selected geographic areas of Honduras.


The GIS data set from CIAT provided soil data and Digital Elevation Map for topography of the country.  Using ARC View software the slope of the land and soil type were studied and regions suitable for hillside ponds were identified.  In addition to water availability, the considerations in selecting these sites were the slopes of the land had to be between 2 and 15% and soil had at least 20% clay content.  Based on slopes of the land, three slope classifications were assigned for the pond design: low slope (2 to 5%), medium slope (5 to 10%) and high slope (10-15%). The selected regions in which hillside ponds are possible are identified with gray shading in Honduras map shown in Figure 1. 


The project considers that Tilapia pond size needed in Honduras should meet the needs of the farm family and in some cases of the needs of local citizens.  Thus, three pond sizes for farm enterprises were identified: 1) a very small pond (less than 0.05 ha) which largely provides for the farm family and perhaps for the immediate neighbors; 2) a medium size pond (between 0.05 and 0.5 ha) that provides for the farm family and occasionally to local markets; and 3) a large pond (larger than 0.5 ha) which provides for the family as well as meets the needs of the local market on a regular basis.


In summary, the conditions for pond design addressed in this project are as follows:

a) Two pond types: watershed and spring-fed ponds.

b) Three pond sizes: small = 0.05, medium = 0.05 to 0.5, and large = 0.5 ha.

The three sizes of pond were selected based on current farm sizes in Honduras and for meeting the needs at the following three levels: Tilapia production for meeting needs of only the farm family, the farm family plus the immediate neighbors, and the farm family and the local market on a consistent basis.

c) Three slopes: low =2 to 5%, medium = 5 to 10% and high = 10 to 15%.

d) Three ground covers: forest, pasture and mix of forest and pasture.

f)  Selection of regions in Honduras with sufficient rainfall, appropriate slopes and soil with greater than 20% clay content to seal the pond.

DEVELOPMENT OF DESIGN CONCEPTS
Hillside ponds for Tilapia have many components and they must satisfy customer needs and constraints imposed by local conditions.  To address diverse design needs of various communities we decided to identify modules in the design of ponds and develop concepts that will likely meet a range of anticipated conditions in Honduras.  This approach will provide a method by which users can 1) interactively provide information about their needs and constraints and receive viable pond design alternatives, 2) receive specific recommendations on structural features (for example, dikes, diversion ditches, spillways, drainage ditches, outlet pipe, etc.) of ponds for their conditions and 3) select a strategy of constructing the pond using local labor and equipment.  This approach will enable users to receive design information for a customized pond based on their own constraints and needs.  


Accordingly, to select pond type and size feasible for a user, the user will provide appropriate information for the location on which pond is to be constructed.  A water balance model will provide feasibility of a watershed pond and estimate the watershed area needed for a known size of pond based on rainfall, soil type, type of vegetable (ground cover) on the land, type of land slope and other considerations listed in Table 2.  The example run in Table 2 gives monthly and yearly water balance for three hydraulic conditions for an assumed 57 ha watershed in Catacamas region of Honduras.  Conversely, when the watershed catchment area is known, the water balance model will estimate the maximum size of a pond for the production of Tilapia.  In both cases the model will also identify months when water may not be available due to insufficient rainfall or the undesirable distribution of it.  Similarly, when a region does not have sufficient rainfall and the source of water is from springs, the water balance model will provide needed flow rate for a spring-fed pond useful for Tilapia production.  Table 3 shows an example run of the water balance model for the spring-fed pond.  Overall, the model estimates required flows from spring for eighteen conditions that include the three pond sizes and for the six selected regions of Honduras.  The flow capacity estimates are based on evapotranspiration model and climate data and for 20% water exchange per month recommended for Tilapia prediction in a spring-fed pond.  In addition to feasibility of a pond based on water balance, the user should consider the market demand for Tilapia, available time and labor and expertise in Tilapia production before deciding on the pond size.  This aspect is beyond the scope of this study but an important factor in the overall selection of pond.


Once the pond type and size are selected, the user will receive specific design recommendations on the structural features of the pond.  At this time we have selected nine conditions to provide the design for.  They include a combination of three sizes (small, medium and large) of pond and three levels of land slope (low, medium and high) giving the nine alternatives.  The following structural features are included in the design recommendations. 

Shape of ponds: We have selected square ponds but other shapes are also possible, especially circular as they have advantage in the length of dike needed to area encompassed.

Dikes dimensions:  We have recommendation for an interior slope of 3/1 and exterior slope of 2/1.  The greater interior slope is provided to prevent sloughing and sliding of soil from the dike.  The top width of dike is 5.8m with a surface not suitable for driving a large vehicle such as a pickup truck.  The pond depth recommended for Tilapia is about one meter and the free board selected is 0.3m.  Furthermore, at least 20% clay content in soil for dike construction is important for the structural stability.  

Outlet pipe: We have developed design to meet the water exchange desired for Tilapia production and water quality.  The outlet is designed to maintain a desirable level of water in the pond.  Also the pipe is sized based on 90% probability of rainfall.

Spillway: We have designed spillway to meet 25 year rain storm.

Diversion ditch: We have provided for runoff water to be directed in or away from the pond.  It is based on anticipated rainfall amount and intensity and the structural integrity of the ditch based on soil, ground cover and flow rates.  For the six selected regions in Honduras and for nine conditions, design alternatives for a total of 54 different conditions are provided. 

Pond sealing: For holding water in the pond, 20% clay content in soil is needed.  A soil test by user to assess water holding capacity of soil will be recommended for designing of the pond.

Drainage outlet: Quick drainage is important for harvesting fish.  The outlet designs are based on the type and size of ponds.

Construction methods: Slope of land, soil type and pond size are very important for determining the construction details.  Construction by hand labor using hand tools is a part of design consideration and for making design recommendations.  Given topographic details of the location, the design will identify volume of cut and fill.  In general, large ponds are not recommended in high slopes.

Cost: The final design recommendation will include estimates of cost for the construction of the selected pond design.  

Maintenance: Recommendation for maintaining the pond by task and time will be made available to the user. 

CONCLUSIONS
We are implementing a design approach for ponds for Tilapia production which concurrently considers needs of all individuals and entities that can impact in the construction, operation and maintenance of a pond, as well as of those who will use the pond for the successful production of Tilapia for established market potentials.  Furthermore, we have developed models for estimating the water balance to make a more informed decision while selecting pond size and type.  Although many specifics of pond dimensions and design features may appear similar to those recommended by others in previous work, this approach provides a means for the user to interactively input his/her needs and select a design for the conditions unique to his/her environment and constraints.  Finally, concurrently considering needs of all ‘customers’ in the design and selection of construction method provides a powerful method to have the user educated and invested in the design.  This approach presents an increased possibility of introducing acceptable pond design and Tilapia production as an economic enterprise in Honduras and Central America.
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Appendix

Comments on Table 2:
A watershed model in Microsoft Excel was developed to assess the feasibility of ponds for Tilapia.  Table 1 is an example run of the water balance model for the area in Honduras.  The groundcover of this area is mixed (pasture and forest).  

The group cells denoted block 1 by the numeral beside them are the monthly inputs.  The monthly inputs of the model are: average rainfall, monthly temperature, auxiliary usage, pond area, watershed area, curve number, infiltration fraction, sunshine fraction, cloud cover fraction, daytime wind speed, and height at which daytime wind speed was measured.  This information is entered for each month.  In this table, the watershed area is specified to be 5.35 Ha.  After this information has been entered the data is the results are output.  

Block 2 contains coefficients that are calculated for use in the Blaney-Criddle evapotranspiration method.  These coefficients are used to calculate the evapotranspiration for the month.

Block 3, 4, and 5 show the monthly water balance for the different hydraulic conditions.  The monthly water balance is calculated by taking into account rainfall, runoff, and evapotranspiration.  Block 3 reflects the average rainfall condition.  Block 4 reflects optimum condition rainfall.  Block 5 reflects the heavy rainfall condition.

Block 6 shows the yearly water balance for all three conditions.  In this block, the lowest water balance is 213 m3 for the 5.35 Ha of watershed.  The amount of watershed could be changed to adjust the water balance.  The ponds should have a positive balance for the year.  However, the monthly balances should be examined to see whether Tilapia could be grown year round.  If the balance for a month is significantly negative, Tilapia can not be grown in that month.  

Comments on Table 3:
A watershed model in Microsoft Excel was developed to assess the feasibility of ponds for Tilapia.  Table 2 is an example run of the water balance model for the area in Honduras. 

The group cells denoted block 1 by the numeral beside them are the monthly inputs.  The monthly inputs of the model are: average rainfall, monthly temperature, auxiliary usage, pond area, watershed area, curve number (should have no affect on model) , infiltration fraction, sunshine fraction, cloud cover fraction, daytime wind speed, and height at which daytime wind speed was measured.   

Block 2 contains coefficients that are calculated for use in the Blaney-Criddle evapotranspiration method.  These coefficients are used to calculate the evapotranspiration for the month.

Block 3, 4, and 5 show the monthly minimum spring requirements for the different hydraulic conditions.  The monthly minimum spring requirement is calculated by taking into account rainfall, runoff, and evapotranspiration.  Block 3 reflects the average rainfall condition.  Block 4 reflects optimum condition rainfall.  Block 5 reflects the heavy rainfall condition.

Block 6 shows the minimum spring requirement.  This value is the highest of all the minimum monthly spring requirements for all of the conditions.  In this model the minimum spring requirement is .03 m3/min.
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Figure 1.  Map of  areas of Honduras suitable for pond construction.  The shaded areas are suitable for pond construction.
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[image: image3.wmf]Figure 2.  Side view of low slope pond.  All dimensions are in meters.

Figure 3.  Side view of medium slope pond.  All dimensions are in meters.
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Figure 3.  Side view of medium slope pond.  All dimensions are in meters.
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