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Executive Summary 

 
 The purpose of this project was to design a portable watering system. This 

system is to meet the daily water requirements of a 200 cow-calf herd of beef animals. It 

has to be easily portable from pasture to pasture.  This system is to be used on the 

Ducks Unlimited demonstration site in Lefeive, Ontario where Rodney Maclaren 

pastures some of his beef herd during the summer months.  

 The environmental effects of having cattle drinking directly from water sources 

are very negative.  Not only is the aquatic environment of these water sources damaged, 

but also animal’s health gets affected. Certain studies on these effects are reviewed and 

discussed in this design project. 

 There are many types of stationary cattle watering systems on the market. The 

most popular ones were considered. It was determined that a solar powered battery 

backup system would be best suited for this situation. In the final design a solar powered 

pumping system is to be mounted onto a steel wagon that includes a large water 

reservoir and two water troughs mounted to it. The system will also include an electric 

fence system to help keep animals out of the water sources. 

 With the increasing environmental regulation against cattle having direct access 

to water sources, a system like this one will be a must for some future operations. As for 

now the estimate of weight gain of the animals using this system considered. The 

payback period for the estimated cost of $10 736.00 for this system will be 8.5 years with 

a 200 head cow-calf herd using the proposed system. 
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Introduction 

 
Water is an essential nutrient for livestock production. Clean quality water is not 

only important for human consumption and use, it is also important to supply grazing 

animals with it for their needs. Studies by W. Willms et al., 2002, show the direct 

relationship between water quality and cattle weight gains. The better the quality of the 

water, the more the animals drink and eat which means the more weight or milk they 

produce. 

 

In many operations, livestock kept in pastures drink directly out of the water body 

within it. This water source could be a dugout, pond, creek, lake, river, etc. Studies have 

shown that allowing animals to directly access water sources can severely change the 

physical and biological conditions of the water source, (Line, 2003). These altered 

conditions lead to reduced water qualities that in turn reduce the cattle’s performance. 

Not only is the water quality reduced for cattle consumption, the downstream water 

quality is also reduced. Today environmentalists are actively trying to reduce water 

access by cattle. This movement was recently increased when Walkerton, Ontario had 

an E. Coli outbreak in their town’s drinking water.  After the investigation into it, the 

media reported that a possible source of the E. Coli water contamination came from an 

upstream farm where there was a large amount of cattle manure run off leaching into the 

water source. Even though this was an unordinary case, the generally public now sees 

that cattle and water access as a deadly thing. 

 

In order to prevent cattle from directly accessing water sources, non- direct cattle 

watering systems have to be set up. Many different types of non-direct stationary cattle 
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watering systems are available on the market today.  Factors like budgets, locations and 

the type of water source determine which one of these systems will work for a specific 

operation. 

 

The problem with a stationary watering system is that it can only be set up in one 

location. In large cattle grazing operations, like Maclaren Farms in Eastern Ontario, 

cattle rotate from pasture to pasture over the grazing season. If a watering system is 

located in one specific spot, the cattle have to go back to this watering area to drink each 

time. With a herd of 200 cow-calf pairs grazing 50 to 100 acres size fields all in a 1200 

acres block of land, having one stationary watering site would be very impractical. To 

over come this, there would have to be a number of stationary systems set up through 

out the various pastures. Having numerous stationary systems would be costly and 

require a lot of maintance.  To solve this problem a portable cattle watering system will 

be designed. It should have provision to be pulled from pasture to pasture, be fast to 

take down and set up. By having this portable system, cattle performance will hopefully 

increase and decrease damage to the water sources. 
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Literature Review 

 
Direct Watering Problems    

Cattle are extremely hard on the environment surrounding water sources. They 

tend to overgraze the forages around the water edges. This leads to a reduced root 

structure system to hold the soil intact, so the cattle’s sharp hooves are then able to 

easily puncture through the root structure and cause the soil to erode. Figure 1 shows a 

good example of this along the South Nation River near Plantagenet, Ontario.   

 

Allowing cattle to directly 

access the water source leads to 

increased bacteria and nutrients in the 

water from their urine and manure. 

Increased levels of phosphorus, 

nitrogen from soil erosion and 

phosphorus from the animal manure 

promote the growth of algae. This leads to the degrading of the aquatic habitats 

especially the fish (McCormack, 1998). 

 

Cattle health is at greater risk when they drink directly from the water source. 

They can be exposed to water-transmitted diseases, bacteria, virus and cyst infections, 

along with the toxins from blue green algae.  There is a greater chance that the animal 

may obtain foot rot and/or leg injuries. Possible death due to drowning or getting stuck in 

the mud could occur.  These factors all lead to increased stress on the animals, which 

directly lead to reduced weight gains. 

 

Figure 1: Damaging effects of direct cattle watering 
access 
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Benefits of Non-Direct Watering Systems 

Having a non-direct watering system will keep the cattle out of the water source if 

it is fenced off or it will greatly reduce the amount of time the animals spend in and 

around the water source. A study by Sheffield et al. (1997) found that having a water 

trough installed in the field had a significant reduction in the amount of time the animals 

spend around the water source edge (stream bank). Although the animals still had 

complete access to the water source, the study showed that there was an 81% reduction 

in the time the cattle spent drinking from the stream and a 53% reduction in the amount 

of time they spent in the area along the stream bank. 

By keeping the animals out of the water or reducing the amount of time they 

spend in it, there will be an improvement in their health and a reduction in stress which 

will in turn result in greater 

weight gains and/or milk 

production. Figure 2 shows a 

beef cow that has wondered into 

a water source. Her legs and 

udder are completely covered in 

mud. She probably was almost 

stuck in the mud and had to use 

a lot of her energy to get out of it. 

This is energy that should have gone into milk and/or weight gain. The calf nursing on 

her here has to deal with an udder covered in mud along with possible bacteria and 

parasites from the water source that may be on it. All these factors increase the stress 

levels for the cow calf pair which leads to reduction in profit level due to lesser weight 

gains. With a non-direct watering system, these factors can be avoided. 

 

Figure 2: Nursing beef cow covered in mud from the 
water source. 
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Types of Stationary Watering Systems 

  There are numerous types of stationary non-direct watering systems on the 

market today.  Many of the provinces or states in North America that contain cattle 

grazing operations have documented literature about pasture watering systems for 

livestock on their government’s agriculture web site. The problem is that there is no 

system that is suited to operating everywhere. The varying operation conditions, 

budgets, topography and type of water source in each livestock operation, will determine 

which kind of system is suited for the specific operation. The Alberta Government of 

Agriculture, Food and Rural Development has a good fact sheet (agdex644) out about 

some of these types of systems. The following are a few of the different types of 

stationary systems that could be incorporated into a portable system. 

 

 

Animal operated pasture pumps  

These pasture pumps are commonly called nose pumps because cattle operate 

them by pushing them with their noses (Figure 3). 

The pump provides a very low cost (i.e., $10/cow-

calf pair) pumping system and is good for about 30 

to 40 cow-calf pairs.  

 

  Nose pumps supply approximately 1 litre of 

water for every stroke of the nose device. The 

pumps can lift water from a maximum of 20 vertical feet. These pasture pumps are very 

reliable and easy to move from pasture to pasture. However, the cattle will take a day or 

so to learn how to operate the pump. The herd manager for Maclaren Farms at the Duck 

Unlimited cattle watering demonstration site in Lefieve, Ontario found that if the cattle 

Figure 3: Animal operated nose pump 
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had access to an open water source, they would drink from it instead of using the nose 

pump.  This type of system would not work as a portable system on to supply 200 calf 

pairs due since there would be several units required and that the set may be near an 

accessible water source. 

 

Wind Power Pumps 

Wind can pump water in one of three ways. It can produce electric energy by 

turning a turbine to run an electric water pump, by rotating a wind propeller linked 

directly to a water pumping unit or the wind can turn the shaft of an air-compressor unit 

that power a compressed air pumping system.  All of these system work well as long as 

they are in an area where there is enough wind velocity to power them. In a portable 

system the set up location is not always known. It could be easily protected from the 

wind. So using wind power as the primary pumping source would not be very reliable. 

The only way to incorporate wind into a portable system is to use it to charge a battery 

backup system in windy locations. 

 

Gas-power water pumps 

Gas-powered pumping systems are a 

low cost alternative for pumping water to 

larger herds of livestock. There are two types 

of gas-powered systems. One is where a gas 

motor directly powers a water pump. The 

other is where a gas-powered generator is 

used to run an electric water pump (Figure 

4). They both work well in combination with 

an elevated reservoir system, containing enough storage for a few days. The pumps are 

 

Figure 4: Gas-powered electric generator 
used to run an electric water pump. 
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very portable and can be moved easily from one water source to the next. These 

systems can be automated to start on a float switch device located in a stock tank or 

reservoir. One advantage of this type of system is that both pumps and generators can 

be used for other purposes on the farm. The problem with this type of system is that it 

requires manual labour to haul in gas and to manually run the pumping systems. During 

the busy cropping season, the herd manager my not have enough available time to do 

this. 

 

Solar-Powered Water Pumping 

Solar-powered water pumping has been around for a few decades. Newer 

technology has improved it and made the solar-power option more affordable.  A lot of 

research has gone into developing systems for small rural household. These same 

systems are suitable to pump water to livestock. Agriculture and Agri-Food Canada has 

a well-written fact sheet about using solar-powered water pumping systems to water 

livestock on their web site.  It explains that a solar-power system can be set up in one of 

two ways, a direct-drive system or a battery system as shown in Figure 5.  A direct-drive 

Figure 5: Two types of solar powered systems.
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system has a solar panel connected directly to a dc-powered water pump. The pump is 

turned on and off with a float control switch in the reservoir tank. The problem with this 

set up is the continuity because there may not be enough sunlight at times when there is 

a demand for water. The other system overcomes this factor by incorporating a battery 

back up system within it. The solar panels here are used to keep the batteries fully 

charged. In this system the water pump can run when ever there is not enough sunlight 

to power the panels as long as the battery is fully charged. If a watering system had 

large enough water reservoir to supply the cattle of their needs during the low light 

periods, a direct-drive system would be suitable. Otherwise the solar-power watering 

system should have large enough of a battery capacity to supply the animals with water 

during the low light periods.   
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Design Objective and Method 

 

 In order to supply 200 cow-calf pairs with water while they rotate from pasture to 

pasture on the Duck Unlimited Canada Atocas Creek conservation site, a portable 

watering system must be developed. By developing and using this system, the many 

ponds and creeks in this cattle grazing area will have reduced or it will have no more 

animal access. This will improve animal health within the herd and protect the aquatic 

environment. 

 

 This system must be easy to move from 

pasture to pasture and fast to set up. Due to the 

rolling terrain of the land careful consideration is 

required for the type of wagon or trailer that is going 

to be used to transport this system from site to site.  

The wagon shown in Figure 6 is a 10- ton wagon that 

is going to be considered for this task.  It will contain 

on it every thing that is needed for the portable 

system to work.  

Figure 7 shows a current stationary solar-

powered and wind powered watering site on the 

Ducks Unlimited Site. The main objective of this 

project is to take a stationary site like this one and 

develop it into a portable system.  

 

The designed system must be able to supply 

Figure 7: Stationary Solar-Powered and Wind 
Powered watering site 

Figure 6: Possible wagon to set up portable 
system on. 
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enough water to the grazing animals at all times.  The selected pump must overcome 

the variable elevation heads that are going to change from site to site and the friction 

head loss that is going to occur in the selected pipe size. This means that careful 

calculations must me made to make sure that the proper pump and pipe transfer system 

is selected. 

 

 

Design 

 
As mentioned, above the main concept behind this design is to take the stationary wind 

and solar powered cattle-watering site shown in Figure 7 and make it portable. Since this 

project may be able to use some of the parts from this existing system, this design will 

focus on the possibility of using these parts and how to improve this system to meet the 

needs of 200 cow- calf pairs. The first step in this design will look at pumping, water 

requirements and storage requirements for this project. After this the power 

requirements for the system will be determined. Followed by the wagon design to mount 

all of the system components on to. 

 

Pump selection 
 

In order to make this design easy to handle and move from water source to water source 

a floating submersible pump is to be used. One currently popular brand on the market is 

the made by Sunmotor International Ltd. They have been manufacturing D.C. powered 

water pumps for years. On their web site http://www.sunpump.com they have so good 

customer testimonials about their product. For this reason and also that I have 

personally used this pump and have access to one owned by Ducks Unlimited Canada. 
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The system design will be based on this pump. Appendix A contains all of the 

Specifications for this pump that are going to be used for the design. 

 

Cattle Water Requirements 

 
This design is to supply a 200 cow-calf pair during the pasture grazing months of the 

year, April-October.  According to the Water Management Guide: For Livestock 

Production cow-calf water requirements are around 67- 135 litres per day. This 

requirement will vary depending on temperature and humidity and size of animal. Since 

this system is being designed for a red-angus cross type of beef animal that are a 

medium size animal they will not require the higher value. A more realistic value that I 

will design will beat the lower range around 70 litres per day. This value is closer to what 

other sources state like the pump manufactures and facts sheets from the University of 

Nebraska. 

 

In studies on cow watering habits, by myself and the farmer managers’ observations, 

cows tends to drink about 4- 6 times a day. Therefore in order to supply the whole herd 

at once, the tank reservoir must be equal to the total herds daily consumption rate/ 4 

drinking times per day. The Water Management Guide: For Livestock Production also 

recommend that this reservoir must have a refill time of about 1-2 hours on hot days. 

 

Minimum Tank Reservoir tank size calculation 

 

70 liters /day/animal x 200 animals / 4 = 3500 liter reservoir. (approx 1000 us gallon) 
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Reservoir Tank Selection 

 

Since this reservoir has to be lightweight and portable, a plastic style tank is the 

only option. There are a number of different styles of plastic tanks on the market. 

Diverse Plastic Tanks Inc. have a good selection of plastic tanks that could be used for 

this purpose and can be seen on their website, www.plastictanks.ca. They have two 

model types that could suit this design. One type is called the “Horizontal Leg Tank”.. 

The closest size they have to my minimum volume requirement is 1200 US gallons. It 

measures 55’’ in Diameter and is 125’’ long and costs $2250 Canadian. Another tank 

style is the “Commercial Grade Vertical Tank”. In this style the shortest tank that will suit 

my volume requirement is 1100 US gallons model measuring 57” height with an 86’’ 

diameter costing $890 Candian.  Since the height difference between the two tanks is 

only a 2’’ difference, the height factor for the pumping head does not have to be 

considered therefore the price is the deciding factor. Therefore I will use the 1100 US 

gallon commercial grade Vertical tank in this design. 

 

 

Maximum Total Pumping Requirements and Calculations 

 

One of the largest factors to consider here is the total pumping head that the 

pump has to overcome. Since this is a floating submersible pump that goes directly in 

the reservoir there are only two major factors to the pumping head. One is the line loss 

and the other is the actual elevation difference between the pump in the water source 

and inlet at the top of the tank.  Appendix A shows tables for the amount of friction loss 

in 1”, 1.5” and 2” plastic pipe sizes. What is shown here is that there is significant 

amount of line losses for the small diameter pipes in the higher flow rates. Since this 
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design is going to require a high flow rate of around 50 to 75 l/m. This design will have to 

use a 2’’ pipe to minimize the friction loss in the line.  

 

The maximum total elevation difference between the top of the reservoir tank and the 

pump will be a total elevation head of 6 meters (20 feet). This number comes from a total 

tank height of 57” sitting on a wagon height of approx 24’’ totalling approximately 7 feet 

leaving a 13 foot drop for the ground level at the wagon to the water source. At the 

location that this system is being designed for the maximum elevation difference 

between the wagon ground level and water source level is approx 10 feet therefore there 

is a 3-foot safety factor. 

 

Sample Calculations used in Friction loss Tables in Appendix A 

Velocity, v (m/s) = flow/pipe area.,    pipe diameter 2’’ =0.05m 

For a flow of 75 l/minute x 1 m3 /1000 l x 1 minute/ 60 seconds = 0 .00125m3/s 

0.00125m3/s /(0. 05 2 * Π /4)m2 = 0.637 m/s = v 

 

Reynolds number, Re= Velocity X diameter/ Kinematic viscosity = vd/ ν 

Kinematictic viscosity of water @ 10°C = 1.3088 x 10-6 m2/s = ν 

Re = 0.637 m/s x 0.05m / 1.3088 x 10-6 m2/s = 24335 

Friction factor, f  is found from the moody diagram. 

For Re = 24 335 and smooth pipe roughness = 0.0025   f = .025 

  

Total friction loss in line hL (m) = 4fLv2/(d2g),     L= line length = 30m,  g = 9.81m/s  hL= 

.025*30/0.05*0.6372/(2*9.81) = 1.24 m 

Total elevation difference between water source and top of tank reservoir = 6m 
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Maximum total Head for pump to overcome with a 2” pipe and a 6m elevation difference 

between the pump and the tank inlet = 7.24m, 23.7 feet. 

 

 

Pumping Volume Check to Recommended Refill Time Requirements 

 

According to the data just found with a maximum pumping head is 0.31 meters. The M-

20 pump will supply about 50 litres per minute with 24 volts D.C. and 70 litres per minute 

with 30 volts of power supply according to the pump curve for the 2’’ pipe in Appendix A. 

 

Calculations for 24 volts (4 * 6 volt battery back-up system) 

 

Q= 50 litres / min. Time to fill reservoir = 4160 l / 50 l/min = 83.2 mins. 

Total daily pumping time to meet cattle’s daily needs = 200 cows * 70 litres/day / 50 l/m 

= 280 pumping minutes per day = 4.7 hours per day 

 

Therefore both voltage-pumping systems meet the recommended reservoir refill time of 

approx 1-2 hours on hot days. Since this will have a battery back-up, it will be designed 

for a 24- volt system. 
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Power Calculations 

This design system will have two sources requiring power. One is the pump as 

discussed above and the other is an electric fence charger. The following calculations 

will determine the daily power requirements for the whole system. 

 

Maximum  Daily Power Requirement for 24-volt System: 

Pumping operating for 4.7 hours / day, pumping 50 liters/min drawing 5.4 amps. (As per 

pump manufacture specs in appendix A) 

Total daily pump power requirement = 4.7 hours * 5.4 amps = 25.38 amp hours 

 

Daily Power Requirement for 24-volt System Electric fence Charger: 

  

For this design, a large enough battery operated electric fence charger. It can power the 

surrounding fences. One brand that Maclaren Farm’s currently uses is “Speedrite” model 

Viper 5000.  This model will power up to 50 km of fence. According to the manufactures 

brochure in Appendix B, this unit consumes between 300mA and 600ma of current. For 

this design I will use the maximum rate of 600 mA to be safe. 

 

Daily Electric Fence Power use = 0.6 amps * 24 hours = 14.4 amp hours 

 

Maximum Daily Total System Power Requirement= 25.4 + 14.4 = 39.8 amp hours 
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System Battery Sizing 

 

Deep cycle batteries are rated by there voltage and amp hours they contain. Deep-Cycle 

batteries should never be fully discharged. Fully discharging a deep cycle battery will 

cause plate damage and will significantly reduce the life of the battery. Most battery 

manufactures recommend discharging only to about 60 to 80 % of their rated capacity. 

 

To determine the number of batteries need and size, the following formula is used: 

# of battery amp-hours needed = daily amp hours of system  * # of continuous cloudy 

days in a row / maximum discharge level * battery temperature multiplier. 

For this design, the maximum number of cloudy days will be 4, the battery discharge rate 

will be 80% and the battery temperature multiplier will be 1.11 to take in to effect to the 

colder days at the beginning of the grazing period. This value and the formula can be 

found @ www.solar4power.com.  

# of battery amp-hours needed = 39.8 amp hours * 4 days / .8 *1.11 = 220 amp-hours 

 

Now that the amp-hours is known, a battery or combination of batteries must be chosen 

to obtain this value for a 24- volt system. For this design I will use 4 – 6 volt Trojan 105 

deep cycle batteries rated at 225 amp-hours 

each. This combination connected together in 

series will give 24 volts with 225 amp hours. 

(Note: battery amp hours only accumulate when 

they are connected together in parallel.)  

Voltage accumulates when they are connected 

together in series. (See Figure 8)  

 

Figure 8: 4-6 V batteries in series 
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Charging the system 

 
To charge this system I will look at using photovoltaic cells, a windmill or a 

combination of both. Currently there are two 50 -watt Kycorea photovoltaic panels and 

one Rutland 913 windmill available to power this system. Due to the fact that they are 

available I will use the data given by the manufacturers (Appendix C) to determine if they 

can power this system. 

 

Solar power option: 

   The following worksheet was found at a Solar4Power website www.solar4power.com. 

It has a very easy step by step procedure to help determine the number of photovoltaic 

panels that is required for a system. Using the data determined above and the 

manufacturer specification for the Kyocera KC50 photovoltaic modules (Appendix C). 

The following information is generated: 

 

1. Total amp hours per day from the System Loads  
39.4

 

2. Multiply line 1 by 1.2 to compensate for loss from battery charge/discharge. 
47.28

 

3. Average sun hours per day in your area. 
8

 

4. Divide line 2 by line 3. This is the total solar array amps required. 
5.9

 

5. Optimum or peak amps of solar module used. See module specifications. 
3.0

 

6. Total number of solar modules in parallel required. Divide line 4 by 5. 
1.97

 

7. Round off to the next highest whole number. 2
 

8. Number of modules in each series string to provide DC Battery voltage:  
DC Battery Voltage # of Modules in Each Series String 

2
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12 1 
24 2 
48 4  

9. Total number of solar modules required. Multiply line 7 by 8. 4

 

This means that if solar panels are going to be the only power source, four Kyocera 

KC50 modules will be needed, connected together in series and parallel to meet the 

power requirement. The only other option is to use two higher power panels that have at 

least 5.9 amp of rated maximum output power together in series.  When it comes down 

to the difference in costs between four smaller modules or two larger ones they are 

about the same according to the prices found @ www.wholesalesolar.com/solar-panels. 

The only consideration will be that if the smaller panels are used more mounting space 

will be needed.   

 

 

Windmill Option: 

Windmill power output is dependent upon 

wind speed. The placement of a windmill 

can determine how much wind it can 

receive. Geographic location, height of 

windmill and surrounding obstacles will 

determine how much wind a windmill is to 

receive. According to the Canadian 

government website 

http://collections.ic.gc.ca/stlauren/environ/en

_clima.htm, the geographic area that this 

Figure 9: Rultland 913 charging curve     
www.marlec.co.uk 
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system is being designed for has a yearly average wind speed of about 4.2 m/s (8 knots, 

15 km/h). With this value and making the assumption that this wind mill will be mounted 

high enough so that there will not be any wind interference from other obstacles, the 

daily power output can be determined using the data from Figure 9. 

 

Daily power output = 0.75 amps * 24 hours =    18 amp hours per day.  

 This value is a conservative one, but it is safe. In order to supply this system the 

average daily wind speed would have to be around 8m/s (15 knots, 28 km/hr) to obtain 

required average of the require of 39.8 amp hours per day with battery system back-up 

good for 4 days without wind. Therefore this size of windmill alone is not enough to 

run/charge the whole system. It would probably be all right to run just the electric fence 

system or water for a much smaller herd of cattle. 

 

 

Combination of both systems: 

 

If the two types of systems are combined, the wind mill would definitely help the solar 

panels charge the batteries on the cloudy days, on these days chances are that the wind 

speed would be high enough to provide enough of a charge to make up for one set of 

panels (2 –50w in series) to provide enough charge. The problem with the combination 

would be as follows: 

• On sunny and windy days, both systems would charge up the batteries very fast. 

Then once the batteries are charged, both systems would be shut off by the 

charge controller making the rest of there charging time useless. 

• Cost of Rutland 913 windmill and its charge controller is around $2000.00 that 

has only a 2- year warranty. Also the maintenance on the windmill would be high 
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since the brushes in its generator tend to wear out ever two years. The cost to 

replace this system with solar panels with 20-year maintenance free warranty 

would be much cheaper. Two 50 Watt panels costing approximately $450.00 

Canadian.  This amount is more than half the windmill cost.  

 

Considering the above facts, the combination of both charging systems is not the best 

scenario for the design location. The preferred more reliable option will be to go with the 

solar power only option. 

 

 

Combination of System into a Portable Unit 

 
In order to make this system into one easily portable unit, everything is to be 

placed on a custom-built wagon rack that will sit on any standard farm 8 -ton wagon 

frame. The material options that are available to build this rack are wood and steel. After 

discussing the two options with farm manager, He and I determined that steel would be 

the preferred material due to the extra durability and life expectancy it has. Therefore this 

design concept will be similar to the basic steel flat rack hay wagon seen in Figure 10.  

This wagon frame consists of two 9x3, 20’ long square steel tubes as the main support 

beams with 3x2, 8’ long square tubes spaced about 24’ apart, centre to centre, welded 

onto the main supports. This tubing on top is covered with ¾’ expanded metal top to 

Figure 10: Hay Wagon
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make up the floor. Due to the fact that I need to get the same elevation to get the top 

deck over the wagon wheels, I will use the same steel dimensions in my design. Also 

since the expanded metal comes in 4’ x 8’ sheets the upper floor support beams will 

have to be spaced also 24” apart so the edges of the expanded metal sheets can be 

welded and have minimal material waste.  

My original idea for a water trough was to use a fairly large one. It would be 

either towed in behind or emptied and lifted on to the wagon when moving between 

sites. When discussing this concept with the farm manager he suggested that water 

troughs could be built right into the sides of the wagon, making it easy to move. He also 

suggested using a furnace oil tank, since he had just made a water trough out of one 

and it was very inexpensive. With these idea’s the following design was put together. 

 

Frame Decking Layout 

 

In order to design the frame, I used AutoCAD to draw the basic wagon set-up. I first 

started with the 16’ by 10’ box and drew in the main frame beams and cross beams to 

represent the wagon deck, I then placed the wagon under it to determine where the 

wheels would be, after this I placed my water tank and water troughs. After doing this I 

concluded that I only needed 8’ wide wagon, so I adjusted the drawing. Drawing #1 in 

Appendix D shows this layout in the top view. After I had determined the lay out I then 

made the fabrication drawings for the frame deck shown in drawing # 2, Appendix D.  

Following this drawing in the same appendix is the fabrication drawing for each water 

trough and frame to weld onto the mainframe beams. 
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Beam Size Analysis 

 

Since this design was based on a steel wagon which was already designed for similar 

loads, I did a basic loading and beam analysis to make sure that the material would be 

sufficient for the job. Since the basic steel dimensions were already set, the only 

changes that could be made are with the thickness of the material.  The basic 

calculations for this are shown in Appendix E. 

 

When I looked into getting the steel prices for this project. I was told by my supplier that 

he was unable to get the 9 x 3 square tubing for the main beams, so he suggested that I 

use 9 x 3 channel. With this information I re-adjusted my calculations for this material. 

 

 

Final System Layout 

 

When all of the major parts mentioned above are put together, there were some other 

minor system parts to consider.  One is the water distribution to the side tanks. Another 

is the wiring and controllers needed for the system. And finally the battery box and 

electric fence storage box. 

 

For the water distribution and the two side water troughs, the layout will consist of the 

following. 

• The main outlet of the large water tank is of 2” diameter. It will face towards the 

back of the wagon and be plumbed with the following pieces in order.  2” to 1” 

reducer, 1” gate valve, 1” threaded to barbed fitting, short piece of 1” hose, 1- 1” 



 27

tee adapter, 2 lengths of 1” hose each going to a side tanks, and finally a float 

valve mounted at the top of each tank. 

 

For the wiring of the system the following items are needed. 

• 100’ of pump power cable to go from the pump to the control box (comes with 

pump). 

• Float control switch and wire to go from storage tank to control box (comes with 

pump). This switch will turn off the pump when the reservoir tank is full. 

• Main power switch to turn off complete system. 

• Approximately 70 ‘ of 12 awg size electrical wires and various connectors to 

connect solar panels together and bring their power to the batteries panels. 

• Charge controller, 24 V/16 amps, to place between the solar panels and the 

batteries to prevent overcharging. 

• Approximately 3’ of 2 awg size wire and connectors to connect to batteries 

together in series. 

 

The battery box and electric fence box will be made out of 1’’ thick plywood. It will be 

custom made to fit all of the switches, charge controllers and batteries together in a neat 

organized manner. Also this box will contain enough space to place the electric fence 

charger and various electric fence parts in to box. It will be mounted towards the back of 

the wagon as seen in drawing #1 in Appendix D.  
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Costs Analysis 

 

The following table shows the total costs to build this system. The new costs column 

shows the costs if this complete system to be built with all new material. The current 

column shows the extra costs that will be acquired if the current stationary system in use 

is to be modified into this designed portable system.  

 

System Costs Note: Prices in current column are the extra amounts needed to make existing system portable
     

Pumping System Details New  Current Source 
          
 Solar Panels 4- 50 watt panels @ $450 each $      1,800.00 $     900.00 SPS energy Solutions
Batteries 4 - Trojan 105 @ $119 each $         476.00 $     476.00 Total Battery 
Charge regulator 1- ASC 24 volt/ 16amp $         125.00   SPS energy Solutions
Wire and connectors  estimate $          50.00 $      50.00 Barrete Electric 
Pump  Sunmotor M-20 $      2,138.00  $           -   SPS energy Solutions
hoses and fittings 100' of 2' hose and connectors $         250.00 $     250.00 Low's plumbing 
tank  1100 U.S. gallon $         887.00   Diverse Plastics Tanks
subtotal   $      5,726.00 $  1,676.00   
          
Wagon         
          
8- tonne wagon new horst 8- tonne wagon $      2,000.00 $     500.00 Rosemount Equipment
Steel costs See steel costs sheet in appendix E $      2,000.00 $  2,000.00 Metec 
fabrication and welding 10 hours @ $45/ hour $         450.00 $     450.00 Geordie Maclaren 
water troughs Furnace oil tank with ends cut off $         200.00 $     200.00 Low's plumbing 
subtotal   $      4,650.00 $  3,150.00   
          
Other         
System set up 8 hours @ $45/ hour $         360.00 $     360.00 Geordie Maclaren 
          

Total   $    10,736.00 $  4,826.00   
     
Table 1: Total system costs    
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The following figure shows the cost break down for all off the major components in the 

system if it were to be built from all new materials. It can be clearly seen that the four 

largest major costs are associated with the solar panels, the pump and the wagon costs.  

 

 

 

 

 

 

 

Figure 10: Cost break-down for Portable Watering System
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Economic Analysis 

 
The cost of this system seems expensive at first. But when the total cost is divided 

between the 200 cows over a ten-year period, and compared to the estimated saving, 

the system seems to pay for itself, especially when factors like increased weight gains in 

calves due to a cleaner water source and animal stress reduction are considered. Also 

with increasing environmental regulations about keeping animals out of water ways, this 

low maintenance system may look very attractive in the future to farmers and 

environmentalists.  

 

The following is the economic payback calculation: 

 

 

Factors: 

Cost per cow = $10 736.00/ 200 cows = $53.68/ cow. 

Estimated calf weight gain per year = 10 lbs x $1.00/lb = $10.00/yr 

Estimated annual interest rate = 8% 

Estimated annual maintenance cost = %2 x $10 736.00 = $ 215.00 

Estimated annual maintenance cost/cow = $ 215.00/200 =  $1.08 
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Payback Calculation 

 

Table 2 shows how the initial $56.38 per cow cost can be paid back over 8.5 years. The 

solar panels and the wagon should last 20 years. The things that are going to wear out 

are the pump, tank and hoses. This wear factor is considered in the annual maintenance 

cost. 

         

Table 2:Payback Schedule per Cow 
     

Real cost with Amount to  
Year Savings Cost  accumulating int. pay back 

1  $   10.00  $    1.60  $            57.98  $         49.06  
2  $   10.00  $    1.60  $            52.99  $         44.07  
3  $   10.00  $    1.60  $            47.59  $         38.67  
4  $   10.00  $    1.60  $            41.77  $         32.85  
5  $   10.00  $    1.60  $            35.48  $         26.56  
6  $   10.00  $    1.60  $            28.68  $         19.76  
7  $   10.00  $    1.60  $            21.34  $         12.42  
8  $   10.00  $    1.60  $            13.41  $          4.49  
9  $   10.00  $    1.60  $              4.85  $         (4.07) 
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Conclusion 

 

This portable watering system design will benefit Maclaren Farms and the Ducks 

Unlimited demonstration site. Cattle will no longer have to go into the water sources to 

drink. This will improve the water quality and the aquatic environment of the water 

sources. Animal health will be improved due to the cleaner drinking water that will in turn 

increase the animal weight gains. This system will be easily portable from pasture to 

pasture. All the farm manager will have to do is take the pump out of the water source 

and coil up its power cable and hose onto the rack mounted on the wagon for it, then 

move the wagon to the next pasture with a tractor or truck. With its steel frame design 

and solar panels warranty for 20 years, the most of this system should last for many 

years. With the estimated increase in weight gain in the calves, this system should pay 

for its self in ten years. In all this system design will save the farmer time, money and 

also reduce the negative effects that direct cattle watering has on the environment. 
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Appendix A- Pump Specifications and Performance Charts 
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Appendix B- Electric Fencer Controller Specifications 
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Appendix C- Photovoltaic Module and Wind Mill Information 
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Rutland 
913 

The Rutland 913 is designed for marine use on 
board coastal and ocean going yachts usually over 
10m in length. This unit will generate enough power 
to serve both domestic and engine batteries on 
board and the RWS200 Controller is available for 
dual battery charging. 

 

 

Why is The Rutland  
so unique 

 

   

 
The Rutland 913 is a popular sight in marinas, 
thousands are in use worldwide, boat owners like it's 
clean, aerodynamic lines and its quiet and 
continuous operation. Without doubt this latest 
marine model accumulates more energy than any 
other comparable windcharger available, you'll 
always see a Rutland spinning in the lightest of 
breezes!  

• Low wind speed start up of just 5 knots  
• Generates 90w @ 19 knots, 24w @ 10 knots  
• Delivers up to 250w  
• One way only fit fine profile efficient aerofoil 

blades  
• Three phase Rutland "unique" generator 

design  
• Automatic thermostat protection in prolonged 

gales  
• Modern, durable materials for reliability on 

the high seas  
• No radiated interference - complies with EEC 

directive 89/336/EEC  

Balance of System Components  

• SR200 Regulator - Shunt type voltage 
regulator prevents battery overcharge  

• RWS200 Controller - Incorporates the SR200 
Regulator, charge ammeter, dual battery 
voltage LED's, two battery connection 
terminals and switch for charging one or two 
battery banks simultaneously, solar panel 
input (maximum 50w when used in 
combination with Rutland 913 windcharger). 
Housed in attractive white case with simple to 
follow graphics for installation.  

• Marine Mounting Kit supplied in 2 sections of 
stainless steel plus deck fixing and fasteners. 

• Other system components Batteries, cable 
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Appendix D – Drawings 
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Appendix E- Load and Steel Cost Calculations 
 
 

Material Cost Sheet for Water Wagon 
       
       
          Aproximate   

Material wall thichness # of lenghts length lb/lin ft Weight (lbs) Cost 

            Quoted from Metec 

Reg mat.             

3 x 2  tubing 0.25 4 80 7.11 568.8 $558.00  

9 x 3 tubing 0.5 2 40 31.45 1258 n/a 

2 x 3 angle   3/16 3 60 3.07 184.2 $112.00  

2 x 2 tube 0.25 4 80 5.41 432.8 $448.00  

          2443.8   

              

pipe size           

              

Steel sch 40 2.5 2 40 7.66 306.4 $314.00  

              

Aluminum sch 40 2.5 2 40     $272.00  

              

              

    # sheets Area lb/100 ft2     

3/4 expanded             

metal 0.205 4 128 80  $276.00  

              

9 x 3 steel Channel 0.413, 0.448 s 2 40 13.5 540 $400.00  

              

Total Cost           $2,410.00  

              

              
       
For: Geordie Maclaren    678-7682     

fax  # 613-678-3771     
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Weight and Beam Loading Calculations 
 

The major weights of the system are as follows: 

 

Water tank:  Weigh of tank approximately -------------------------------------------        150 kg 

Weight of water in tank = 1100 gallons * 3.78 kg of water/ gallon =4158 kg 

                                                                                                         4308 kg 

Total water weight * 1.2 S.F. =      5170 kg 
 
Steel in Frame: 

• 2 main beams 9 X 3 channel  =16’ * 2 * 15 lb/ ft = 480 lb /2.2 lb/kg =   218 kg 

•  cross members (2 x 3 tubing) = 63’ * 7.11 lb/ft =  448 lb/2.2 lb/kg =    204 kg 

• expanded metal decking 4- 4x8 sheet = 103 lb/2.2lb/kg =                      47 kg 

• angle for edge (2 x3) =  58’ * 3.07 lb/ft =  178 lb/2.2 lb/kg =                   81 kg 

                                                                                                                    550 kg 

           Total frame steel weight * 1.2 S.F. =      660 kg 
 
Weight of two side water troughs  

• Steel frame, 2 x 3 tubing =30’ * 7.11 lb/ft =  213 lb/2.2 lb/kg =    97 kg 

                                    2 x2 tubing = 15’ * 5.41 lb/ft =  81 lb/2.2 lb/kg =      37kg 

• Water trough approximate weight  =                                            35 kg             

•  Water in troughts =   280 l * 2 troughs * 1 kg/l  =                       560 kg                  

                                                                                                                  729 kg 

                     Total of water troughs * 1.2 S.F. =      874 kg 
 
Weight of battery box/ electric fence box  

• 4 batteries @  28 kg        =                                                  112 kg 

• Box, electric fencer, regulators and other equip = approx   100 kg 

                                                                                                   212 kg 

Battery box system total * 1.2 S.F.    =   250 kg 
 

Weight of Solar panels and Mounts 

• Solar panels and bracket mounts  4 * 10  kg =                  40 kg                                             
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• Aluminium pipe masts 4 * 10 kg=                                       40 kg 

• 2 x 2 angle for upper post mount = 20’ * 3 lb/ft * 2.2 kg/lb =  27 kg 

                                                                                                     107 kg 

              Solar panels and Mounts   total * 1.2 S.F.    =   128.4 kg 

 
 
Main Beam Free Body Diagram 
 
See the following diagram for all loads represented as point loads. 

 

Looking at these loads the largest one is the weight of the water @ 50.7 kN. 

 
If this main load is analyzed as a point instead of a distributed load, there will be a large moment 
and therefore a larger stress concentration here than the actual value. This major load will be 
quickly analyzed using the following handbook formula for beam loading. If the found stress load 
is too close to the yield strength of the steel (400 MPa), a further detailed analysis will have to be 
done. 
 

To determine the load stress caused here, the following Hand book formula will be used, 

See  next page for details. 

 

∅ = W a b C / Z l        

W= 50.7  kN,   a= 3.35’=1.02m,    b= 10.25’ = 3.13m,    l = 13.6074’ = 4.15 m  

Z = Ι/C,    Ι = bd3/12 =   67mm * 230mm3/12 – 55.6mm * 209mm3/12 = 25.63 x 106 mm 

C= 115 mm, therefore Z = 222 897 mm 

For this point load ∅ = 174.98 MPa for both beams 

There fore this stress can be divided between the two beams- 174.98/2 = 87.5 Mpa 

Steel has a yield stress of  400 MPa 

Therefore the Safety factor here is 400/87.5 = 4.57 

 

With this in consideration, the channel used for the main beam supports are more than 

sufficient to do the job, therefore a detailed stress loading analysis will not have to be 

done. 

 

 

Handbook formula taken from Machinery’s Handbook, 26 th Edition, p 239 
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E=modulus of elasticity of the material 
 
I=moment of inertia of the cross-section of the beam 
 
Z=section modulus of the cross-section of the beam = I / distance from neutral 
axis to extreme fiber 
 
W=load on beam 
 
s=stress in extreme fiber, or maximum stress in the cross-section considered, due 
to load W. A positive value of s denotes tension in the upper fibers and compression 
in the lower ones (as in a cantilever). A negative value of s denotes the 
reverse (as in a beam supported at the ends). The greatest safe load is that value 
of W which causes a maximum stress equal to, but not exceeding, the greatest 
safe value of s 
 
y=deflection measured from the position occupied if the load causing the deflection 
were removed. A positive value of y denotes deflection below this position; 
a negative value, deflection upward 
 
u, v, w, x = variable distances along the beam from a given support to any point 
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