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Design of Location Specific Farm Ponds Software 

ABSTRACT

Proper design of farm pond suitable for a given region is essential to reap maximum benefit. Software like WHP Design and SWYMOD are available for farm pond design but their use is limited as they run only on visual basic software. This makes it essential to develop software which can be run on its own. Software for design of location specific farm pond was developed based on the mathematical formulae and these designs are developed in Visual basic 13. This software is easy to install and run-in windows 10 operating system and user friendly. DLSFP software is very much useful for researchers, students and i nstitutions related in this field.
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1. INTRODUCTION

Proper design of farm pond suitable for a given region is essential to reap maximum benefit. Software like WHP Design and SWYMOD are available for farm pond design but their use is limited as they run only on visual basic software. This makes it essential to develop software which can be run on its own.
 For the optimum planning, the information related to irrigation water requirement of different crops, availability of groundwater and surface water, annual consumption of crop product per the need of the people of command area was required. In view of above facts, the present study was carried out the development of software for design of location specific farm ponds.
Ramadhar and Karan (2017) developed software for the design of water harvesting pond and related systems to make the designing task easy and simple. Hossam et al. (2012) used a Weighted Spatial Probability Modeling (WSPM) to determine the capability regions for the rain water harvesting. Nandgude et al. (2011) developed Watershed Softguide software for design of three structures: bench terrace, farm pond and vegetated waterway, which are very important for conservation of natural resources in environmentally sensitive era.
 

2. MATERIAL AND METHODS

Software for design of location specific farm pond was developed based on the mathematical formulae and these designs are developed in Visual basic 13. The design and construction of farm ponds require a thorough knowledge of the site conditions and requirements. Some sites are ideally suited for locating the ponds and advantage of natural conditions should always be taken. 


The basic rule for sizing any rainwater harvesting system is that the volume of water that can be captured and stored (the supply) must equal or exceed the volume of water used (the demand).

Design Considerations for Farm Pond 
Farm pond is a design based on the type of soil, vegetative cover, rainfall intensity, duration of rainfall. Based on these parameters, design the storage capacity of the pond and runoff volume with help of engineering interventions. 

1. Computation of storage capacity of the farm pond 

2. Rainfall – runoff analysis 

3. Dimensions of farm pond 
2.1 Computation of storage capacity of the farm pond 

Farm ponds storage capacity is depending upon the shape, type of soil, vegetative covers and type of lining material. Generally square, rectangular and inverted cone shapes are prepared to design pond. However, as curved shape offers difficulties in construction, either square or rectangular ponds are normally adopted. Inverted cone ponds with circular cross section are theoretically cheaper, but difficult to construct and manage. Lining of such ponds would require more material for the same capacity of square or rectangular farm ponds. Therefore, the cost for lining of inverted cone farm ponds is high (Reddy et al. 2012). Different shapes of farm ponds are shown from     Fig. 1 to 3.
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 Figure 1. Circular farm pond
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Figure 2. Rectangular farm pond
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Figure 3. Inverted cone farm pond
2.2 Rainfall-runoff relationship 
There are several methods are available to estimate runoff. However, SCS curve number is the most popular for the field engineers of soil and water conservation. It requires minimum data set of daily rainfall data, details of land use and its distribution, hydrologic groups of soils based on infiltration rate of the catchment area and antecedent moisture condition (AMC) of the watershed based on the previous 5 days consecutive total rainfall preceding the rainfall considered and infiltration rates for different soils (USDA, 1964) 
are given in the Table 1.

Table 1. Infiltration rates of different soils

	S. No.
	Soil Type
	Infiltration rate (cm/h)

	1
	Coarse sand 
	2-2.5

	2
	Fine sand 
	1.2-2.0

	3
	Fine sandy loam 
	1.2

	4
	Silt loam 
	1.0

	5
	Clay loam 
	0.8

	6
	Clay 
	0.5


2.2.1 SCS curve number method 

It estimates the direct runoff (depth) or rainfall excess, storm wise. This method is based on the potential maximum retention(S) of the watershed, which is determined by wetness of the watershed i.e., the antecedent moisture condition (AMC) and physical characteristics of the watershed (USDA-SCS, 1972).
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Where,

Q = Runoff depth, mm. 

P = Daily rainfall, mm. 

S = Potential maximum retention of soil, mm. 

Ia = Initial abstraction, mm 

Ia is related to S for different soil types. 

For black soils, Ia= 0.2S, and for red soils, Ia = 0.3S. 

For black soils, the equation becomes,


       
Q = (P - 0.2 S)2/ (P + 0.8 S) 

For red soils, the equation becomes,



Q = (P - 0.3 S)2/ (P + 0.7 S) 
The potential maximum retention of the soil is determined by selecting the curve number for different land uses in a catchment. The CN and S are related by the equation, if ‘S’ has units mm.
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2.2.2 Antecedent moisture content 
It is defined as the wetness index of soil. The AMC is determined on the basis of 5 days antecedent consecutive rainfall amounts (Table 2).
Table 2. Seasonal rainfall limits to determine antecedent moisture condition
	AMC group
	Total 5-day antecedent rainfall, mm

	
	Dormant season 
	Growing season 

	I
	<12.7
	<35.6

	II
	12.7-27.9
	35.6-53.3

	III
	>27.9
	>53.3


There are three levels of AMC’s 
AMC I: Defines the lowest runoff potential, because the soils are in dry condition with more infiltration. 

AMC II: Defines the average condition of the catchment to produce runoff’ 

AMC III: Defines the highest runoff potential of the soil, when areas of catchment saturated from antecedent rains.  Curve number varies from minimum zero for most permeable surface or fully saturated to the maximum as 100 for impervious (Concrete) surface. These values are applied to antecedent moisture condition (AMC) II only i.e., for average condition. The correction factors are applied to get the CN values for other AMCs (i.e., I & III). Weighted curve number (WCN) Computation
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Computation of runoff depth (mm)
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3.3 Dimensions of farm pond 
The selection of dimensions for excavated pond depends on the required capacity, soil type, purpose and type of machine available for construction. The size of a pond should be relative to the size of the catchment area contributing surface runoff 
to the site. Ponds with too little catchment will have difficulty in filling up and remaining full during drought conditions. Ponds with too much watershed require expensive water control structures and are difficult to manage.
 Therefore, determination of optimum dimensions based on hydrological considerations is very important to keep the area loss to an extent of 10 to 12% in a farm catchment (Reddy et al., 2012). 

The depth of pond is generally determined by soil depth, kind of material excavated and type of equipment used. The selected pond depth should have a depth equal to or greater than the minimum required for the specific location as depth of pond is most important dimension among the three dimensions. In semi-arid regions, the evaporation losses can be reduced by deepening the pond depth for the same volume of water stored as lesser is the area occupied by the pond. However, with increased depth, the seepage losses also increase. Seepage loss can be controlled by application of lining through LDPE/HDPE/Silpaulin plastic film 
or Cement concrete lining. The standing of water in a farm pond for a longer duration may require relatively flatter side slopes to avoid slippage due to saturation (Reddy et al., 2012). The area of the top and bottom for rectangular, square and inverted cone can be calculated from their dimensions in case of rectangular or square and diameter in case of inverted cone and the suitable side slopes for different soils (Table. 3). Plan view of rectangular/ square shaped dugout farm pond was shown in Fig. 4.

Table 3. Suitable side slopes for different soils

	S. No.
	Soil type 
	Slope (horizontal: vertical) 

	1
	Clay 
	1:1 to 2:1

	2
	Clay loam 
	1.5:1 to 2:1

	3
	Sandy loam 
	2:1 to 2.5:1


(Source: Reddy et al.   (2012))
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Figure 4 
Plan view of rectangular/Square farm pond for estimation of top and bottom areas. 
Area, A= L x W       
Where, 


A = Area, m2 


W = Width of the pond, m 

L = Length of the pond, m 

Once the volume, depth and side slope are known, the dimensions of different shape of farm ponds can be calculated using the Prismoidal formula as given below as per the definition sketch (Fig. 5).
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Figure 5. Definition sketch of farm pond

Capacity of the farm pond is calculated by the following equation for the rectangular and square sections (Reddy et al., 2012).
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Where, 

V = Volume of excavation, m3 
A = Area of excavation at the ground surface, m3 
B = Area of excavation at the mid- depth point (D/2), m3 
C = Area of the excavation at the bottom of pond, m3 and 

D = Average depth of the pond, m. 

The plan and section views of rectangular and inverted cone farm ponds are given in Fig. 6 and Fig. 7.
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Figure 6. Plan and section view of square shaped dugout farm pond

The bottom dimensions for rectangular is derived as given below (Suresh, 2002).
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C=Y/X.
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Where, X, and Y are two sides of the dugout pond (rectangular) at the bottom and C= Y/X. 

For a square section, C=1, i.e., X=Y, the equation can be
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	Figure 7. Plan and section view of inverted shaped dugout farm pond


The dimension for inverted cone is derived as follows (Reddy et al., 2012).

	
	


	
	                                                                                               


3.4 Programming for Design of Location Specific Farm Ponds (DLSFP) Software 
The Splash Screen of software for design of location specific farm ponds as shown Fig. 8.
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Figure 8. Splash Screen of Software for Design of Location Specific Farm ponds

The input details region, latitude, longitude and elevation particulars enter into farm pond location details window as shown Fig. 9.
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Figure 9. Farm pond location details window
The input data are viz., initial abstraction loss (Ia), curve number (CN) for the particular location and click the calculate button, the maximum soil moisture extraction (Sm) for the soil. Next, load the daily or monthly rainfall for the particular location, click the calculate button, get output of rainfall and runoff, then give catchment area as a input next click based on required design Rectangular and Square Pond Design Pond Design or Inverted Cone Pond Design (Fig. 10).
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Figure 10. Runoff estimation for pond design 

For the Rectangular and Square Pond Design window, input data are viz., average depth of the pond, bottom length of the pond, bottom width of the pond and soil type, then click the Calculate button, got output value of Area of Excavation at Ground (A), Area of Excavation at Mid depth point (B), Area of Excavation at Bottom depth point (C), Storage Capacity of the farm pond. Then give the values of the cost of earth work per m3 and the cost lining material per m2 and gives output of the cost of the farm pond (Fig. 11).
For the Inverted Cone Pond Design window, input data are viz., average depth of the pond, soil type and bottom diameter (d1), then click the calculate button, got output value of top diameter (d3) and storage capacity of the farm pond. Then give the values of the cost of earth work per m3 and the cost lining material per m2 and gives output of the cost of the farm pond (Fig. 12).
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Figure 11. Rectangular and Square Pond Design
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Figure 12. Inverted Cone Pond Design
RESULTS AND DISCUSSION


An extensive technical and financial feasibility analysis for rainwater harvesting at the Madakasira location is produced by the Design of Location Specific Farm Ponds Software (created by ANGRAU). Home page of software for design of location specific farm ponds and view of software window farm pond location was shown Fig. 13. Throughout the whole ANGRAU software design process, Fig. 14. acts as the Geographic Baseline. The application can adjust its hydrological models to the site's actual conditions by adding these precise geographical details. The parameters for Madakasira extend beyond mere identifiers; they fundamentally influence the mathematical framework: 

A. Region (Madakasira): This generally corresponds to regional soil information repositories. Madakasira is recognized for its semi-arid climatic conditions, which typically suggest elevated evaporation rates and particular soil classifications (frequently Group B or C) that exhibit moderate to high runoff potential.

B. Coordinates (Lat 13° 56' 25" N, Long 77° 16' 18" E): These geographical coordinates accurately delineate the location within the global or regional precipitation datasets. The analytical software employs this information to retrieve historical precipitation trends, discerning whether the region is subjected to severe, brief monsoonal events or more evenly distributed rainfall occurrences.
C. Elevation (716 meters): The altitude has an impact on Potential Evapotranspiration (PET). At higher elevations such as this, while the air may be cooler, the combination of wind speeds and solar radiation can still result in considerable water loss from the surface of the pond.
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Figure 13. Home page of software for design of location specific farm ponds
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Figure 14. View of software window of farm pond location 

From Fig. 15, uploaded the rainfall data for Madakasira, the software has performed the core hydrologic modeling. This screen shows the results of the SCS Curve Number (SCS-CN) method, which is a standard engineering approach to estimate runoff from a rainfall event. Estimated runoff by collecting rainfall data of Madakasira mandal for 30 years and calculated by using SCS curve number method in DLSFP software. Runoff can be estimate for monthly, decade or yearly. The software will calculate Sm=98.78 mm from the given input values Ia=0.2S, CN=72. The result values are total rainfall=17932.48 mm, total runoff= 14839.1 mm, average annual rainfall= 597.75 mm, average annual runoff= 494.64 mm, and runoff volume = 741.95 m3 from the input of mean annual rainfall (mm) 10 years and catchment area=1.5 hectare.
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Figure 15. View of software window for runoff estimation


From Fig. 16, select the Rectangular/Square Pond Design and Cost Estimate phase. This is where the theoretical runoff volume meets practical construction dimensions and budget. The software is using the Prismoidal Formula to calculate the volume of an excavated pond with sloped sides. From the given input values for design of the farm pond such as average depth of the pond =1.7 m, bottom length of the pond =24.5 m, bottom width of the pond =16.1 m, side slope of clay loam soil = 1.5:1, the cost of earth work/m3 of soil excavation= Rs.26, the cost of lining material (i.e., Cement, Concrete and Polyethylene etc.,)/m2 = Rs. 45 etc., software will calculate total cost of farm pond =861.30 m3, the cost of earth work of soil excavation = Rs. 22393.9, the cost of lining material = Rs. 77402.25 and total cost of the farm pond =Rs. 99796.18.
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Figure 16. View of software window for farm pond design features
The design of location-specific agricultural pond software (developed by ANGRAU) is capable of converting complex hydrology technology into a practical and accessible tool for sustainable water management. The software serves as a bridge between scientific data and field-level implementation in rain-fed agricultural areas such as Madakasira, where rainfall is irregular.

1. Accurate Hydrological Simulation
• The application applies the SCS-Curve Number (SCS-CN) technique 
to deliver a tailored runoff prediction. This approach guarantees that the pond is appropriately sized, preventing it from overflowing and leading to erosion, while also avoiding excessive size that could result in unnecessary land use and construction expenses.

2. Climate-Adaptive Engineering
• It aids agriculturalists in organizing "Essential Irrigation. " By precisely determining the amount of water that can be collected from a certain 1.5 ha catchment area, it enhances crop planning during periods of drought, thereby enhancing food security.

3. Structural Stability and Safety
• The program's "Acceptable" evaluation assesses the amount of runoff in relation to the storage capacity. It also advises the user regarding Side Slopes (for instance, 1.5:1) according to soil classification (Clay Loam), ensuring the construction endures the monsoon season without costly repairs.

4. Economic Transparency and Budgeting
• The Cost Estimation module, which automates the calculation of earthwork and lining expenses, offers clear budget insights. It reveals that lining frequently represents the largest cost (77% in your latest project), enabling farmers or government organizations to obtain necessary funding or subsidies prior to commencement of excavation.

5. Water Conservation and Seepage Control
• The software prioritizes Seepage Control by performing calculations related to lining. This guarantees that the water gathered is not merely "stored" but genuinely "accessible" for crops during their periods of highest demand.
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