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EXECUTIVE SUMMARY
This project was provided to us by Mr. Bill Raney of the South Texas Advancement
Resources (STAR). We have worked under the professional assistance and guidance of our
project manager, Professor Gregory Stark, along with our faculty advisor, Dr. Valentini Pappa.
We were tasked with creating an efficient and cost effective irrigation and crop analysis design to
implement on a 100-acre patch approximately 25 miles southwest of Aguilares, TX. The major
constraint of this project was the remote location; as it is both dry and arid and lacks commercial
power use. However, there is a 3 acre pre-existing stock tank on the property which was a
benefit to our design. To meet the needs of our client, we have examined various cropping
rotations that could potentially be grown in this area; however, we have proven all of our
scenarios to be economically unfeasible. Although a return-on-investment within 5 years was
our primary goal, as biological and agricultural engineers, we believe that the environmental
impact of our design is of equal importance.
Considering the characteristics of our field, it was concluded that the best way to
maximize profit and maintain environmental sustainability for future production was to
implement a no-till cropping rotation and companion planting design. The crops we chose to
rotate that would grow best in this area are cotton, soybean, seame, and onion. Soybean adds
nitrogen to the soil before the heavy-nitrogen-consumption cotton crop is planted. Onion yield is
higher when it is planted following a cotton crop. Sesame aids in reducing nematodes in the soil
which are harmful to cotton crops. Implementing these environmentally conscious methods
preserves soil health, minimizes erosion, and reduces the needs for chemical fertilizers and
pesticides.
Economic analysis demonstrated that onion and cotton are considered our cash crops.
Therefore, these two crops along with soybean will be fully irrigated to maximize yields,
producing an ample amount of revenue. The size of our irrigated patch will consist of 56 acres,
for which a 965 ft center pivot will be required. After creating an irrigation schedule for each
crop, we sized the system capacity to range between 200 GPM and 800 GPM and have an
operation time of 22 hours. To maintain the water capacity of the system, we propose drilling
down to the Carrizo Aquifer to feed the irrigation system. Our water routing design will begin at
the water well and then discharge into the pre-existing stock tank. Water will then be pumped
from the stock tank to the center pivot. Water quality of the well is unknown at this depth,
therefore, an RO system may or may not be required depending on the quality. The
implementation of an RO system would change the required capacity of the pond from 7 million
gallons to 40 million gallons. We have sized for an 80kW and 100 kW, 3-phase diesel generator
to power each design.
We expect this design to have a maximum initial investment of $960,382. This will
include the major costs consisting of the Carrizo water well, the center pivot, the RO system, and
a floating centrifugal pumping station. Considering all of the costs associated with the crops over
the 5 years, we expect a maximum operating expense of $419,042; variable costs of $40,763; and
an overall revenue of $413,649. The break-even point of this project if an RO system deemed
necessary is approximately 12 years. We do not recommend this design to our client as there
will still be a substantial deficit after 5 years.
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INTRODUCTION
Imagine plots of land filled with brush (mesquite, retama, and wessatch bushes), areas
that are extremely dry and arid with bare soil, and heat waves radiating off the ground if you look
far enough into the distance. Welcome to South Texas.
The Water - Energy - Crop Analysis for Optimal Land Management & Irrigation project
site is located in south Texas in Webb county, approximately 12 miles southwest of Aguilares,
TX. The majority of land within this area is used for beef cattle operations or high-fenced wild
game ranches. Mr. Raney brought this project to us in hopes of utilizing 100 ac of Huisache
pasture in a different manner. We have been tasked with creating a cost-effective design for the
growth of cash crops within this area. Although this task sounds rather simple, the constraints of
the project are quite problematic. These constraints include: no access to the energy grid or other
power source, no running water on the property, and minimal annual rainfall (oftentimes drought
conditions). However, there is a 3-acre pre-existing stock tank on the property.
The goal of this project was to achieve a return on investment for Mr. Raney by the end
of 5 years, by whatever means we deemed fit. We chose to grow a mixture of food crops
(soybean, sesame, and onion) along with cotton. This cropping design was chosen based on the
many benefits each crop brings into the rotation as discussed in the executive summary. An
irrigation and energy analysis was performed to select the most efficient irrigation system and
source of power for optimum land growth to fit within our design.
Although our project goal may seem strictly business driven, there are much larger ripple
effects that would arise from such a solution. Aguilares has a poverty rate of 20.6% (Poverty
Rate in Aguilares, TX, 2021) which is extremely high and devastating when compared to the
rates on the national and Texas state levels. On top of the high poverty rate, many people
consider Aguilares to be a food desert due to its high temperatures and low annual precipitation.
This would indicate that the food products you would find in this area are either produced by
local farmers, who generate little profit, or imported from other cities. Having to pay more for
these imported goods is another likely contributor to the poverty issue. Providing a feasible and
profitable solution to farmers would allow them to grow food for the local community while
generating potentially hundreds of jobs for impoverished citizens. An accurate design of this
project could provide jobs for residents within the area, while also producing crops and
vegetables for local consumption.
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LITERATURE REVIEW
Crop Analysis
Overview
There is an abundance of crops grown within the great state of Texas.
The Texas Almanac from 2018 states that the principal crops of Texas are cotton, grain sorghum,
rice, wheat, corn, and silage (Texas Almanac, 2018). These crops grow in different regions of
the state and are both planted and harvested at different times of the year. This is also known as
growing seasons. A growing season can be defined as the time or period when crops grow
effectively (National Geographic Society, 2020). This is an essential component when
considering what to farm on a piece of land.

Growing Seasons
There are two types of systems for growing crops: continuous and rotational systems. In a
continuous cropping system the same crop is grown year after year on the same piece of land for
at least for two to three years (Singh, V., Chapter 7, 2020). On the contrary, a rotational system
involves growing a sequence of crops for a period of time over multiple years on the same farm.
Advantages of using a rotational system over a continuous system involves the implementation
of a more diverse field which improves weed control, disease resistance, and insect control
(Singh, V., Chapter 7, 2020). Rotational systems also increase in the soil fertility, reduces soil
erosion, increases yield, and reduces risk recycling of nutrients.
Furthermore, under the same growing season it is possible to produce a monoculture type
of crop where only one type of crop is grown during the entire season. One may utilize a
polyculture type of crop where two or more crops are planted in the same field (Singh, V.,
Chapter 7, 2020). It will be beneficial to utilize the polycultural rotational cropping method
throughout this project as there are multiple factors that could affect overall crop production
within this region of south Texas.

Factors Affecting Crop Production
There are many factors that could ultimately have an impactful effect on crop production.
However, the main factors include climate, soil type and water availability (Singh, 2020).
Climate
Not all crops can be grown in all areas. This is due to the obvious fact that different
regions have unique climatic conditions. Climate is without any doubt an important factor to
consider towards crop choice as well as irrigation design as it influences water requirements for
crops (evapotranspiration). A good method of climate classification is the Köppen-Geiger
Classification method which classifies climates into five types, designated by upper case letters
A, B, C, D, and E. These five types (tropical, arid, temperate, cold, polar, highland) are then
further classified into various subtypes (Singh, V., Chapter 2, 2020). Figure 1 provides a great
example of how different areas and climatic conditions shape crop selection and yield through
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the United states (USDA, 2019). The figure below demonstrates the 2019 cash crop production
for the state of texas. This figure displays the 4 main crops produced in the state which include:
cotton (red), corn (yellow), and sorghum(orange). As one can see, southwest Texas sees little or
no production of these 4 main cash crops (USDA, 2019).

Figure 1: Graphic of 4 main cash crops from 2019
(https://nassgeodata.gmu.edu/CropScape/, 2019)
Using this classification method we determined that our site fits the characteristics of a
humid subtropical climate. This type of climate contains two seasons: summer and winter.
Summers are hot and long while winters are mild and short (Singh, V., Chapter 2, 2020).
The SC-ACIS (Applied Climate Information System) provides access to climate data
from daily U.S. weather stations in the Global Historical Climate Network, as well as other data
networks (http://scacis.rcc-acis.org/, 2020). This information is fundamental to understanding
climatic conditions presented at the field which will then determine crop selection and water
requirements. Table 1 was extracted using the SC-ACIS website and demonstrates how our field
presents winter and summer weather (cold and warm seasons). As one can see, the weather data
from 1981-2010 determines a humid subtropical climate. It also lists an average annual mean
precipitation of 23.79 inches. The location of the station is in Hebbronville,Texas which is
roughly 30 miles from the project site.
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Table 1: Weather Data from Hebbronville, TX
(http://scacis.rcc-acis.org/, 2020)

Soil Type
Using the Natural Resources Conservation Services (NRCS) Web Soil Survey through
the USDA, the soil type of this area was found to be ‘Hebronville loamy fine sand’ with 0 to 2
percent slopes (NRCS USDA, 2020). Loamy sandy soil offers adequate infiltration and
percolation. Figure 2 below displays the area taken for the soil analysis from the NRCS USDA
website.

Figure 2: Area taken for Soil Analysis (NRCS USDA, 2020)
Water Availability
Gravitational water, capillary water, and hygroscopic water are the three types of soil
water that can be encountered in crops. Singh (2020) notes that gravitational is the type of water
that responds to gravitational forces when water is in excess of field capacity, it is also called free
water since it is not affected by soil particles or pores. This type of water usually contains
chemicals and ends up on streams and rivers due to leaching or runoff. He later notes that
capillary water is the water available for plant extraction. Capillary is the force that makes it
possible for water to move through the soil pores due to matrix potential, but gravity is the force
that pulls water into and through the soil pores. When soil is dried, few molecules of water are
tightly held under adhesion. This water adheres to soil particles and is called hygroscopic water.
Adhesion forces are so high that they cannot be removed by plant roots (Singh, Chapter 15,
2020). Therefore, the main goal of the irrigation system is to maintain enough water in the soil
for plant extraction (Singh, Chapter 15, 2020). An irrigation designer must consider both
beneficial and non-beneficial consumption uses of water such as plant transpiration, leaching,
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percolation, and others (Singh, Chapter 16, 2020). As one can see in Table 1, the field does not
count with great amounts of annual precipitation (23.8 in) for which the irrigation design
combined with the crop selection must compensate the shortage by rainfalls.
Soil pH
Soil acidity is caused by various environmental, climatic, and cultural factors. (Redmon
& McFarland, n.d.). The most common of these factors are the parent material from which the
soil is derived, leaching by rainfall or irrigation, and cultural practices such as nitrogen
fertilization, removal of harvested crops and associated basic elements, and soil erosion. The
availability of fertilizer nutrients usually is reduced as soil pH decreases while micronutrient
availability may actually increase to toxic levels (Redmon & McFarland, n.d.).
Crop selection
As seen above, Figure 2 describes the chemical composition of the soil encountered on
the 100 acres plot. From this data, along with help from Dr. Pappa, it was determined that a
starting point to determine which types of crops would be most feasible to grow on the field are
those that can be grown within the soil pH of 7.5. Also, using the Natural Resources
Conservation Services (NRCS) Web Soil Survey through the USDA, the soil type of this area
was found to be ‘Hebbronville loamy fine sand’ (NRCS USDA, 2020). Therefore, crops have to
be predisposed to grow in this type of soil. Two other important factors to determine which types
of crops are suitable to grow in the field are water requirements during each growing phase of
the plant and its economic support towards achieving the 5 year goal of the project. We are
currently considering the root crops of carrots and onions, as they can grow at a field pH of 7.5.
However, previous project teams with similar design specifications have suggested growing
other crops that fall within the soil pH, require minimal irrigation, and are generally heat tolerant.
Harrison, Prihoda, Scott & Weathers (2019) proposed growing alfalfa, sesame, and guar; while
Hlavinka, Teel, & Wolf (2019) suggested growing cotton, honey mesquite, and carob.
The crops currently being considered for growth on the property involve: carrots, onions,
watermelons, spinach, sesame, and guar. The usual planting dates for carrots range from
September 1 to October 31, onions are usually planted from February 1 to April 30, watermelons
are usually planted from March 1 to April 30, and spinach is usually planted from October 1 to
December 31 (https://gov.texas.gov/uploads/files/film/2009_Planting_Harvesting_NASS.pdf, 2009). Sesame must
be planted post freeze, therefore anytime between March 15 to as late June
(https://sanangelo.tamu.edu/extension/agronomy/agronomy-publications/sesame-product, n.d.). Guar’s optimum
seeding dates in south Texas range from April 15 to May 31 as this crop is quite resilient to the
harsh summer climate of south Texas (Boring III, Tripp, & Lovelace, n.d.).
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Crop water consumption (ETc)
Evapotranspiration (ET) is an important component of the surface energy and
hydrological balances and represents the main consumptive use of water in agricultural
production. Defines evapotranspiration as the summation of water transported to the atmosphere
by evaporation and transpiration (chapter 14). Accordingly, accurate knowledge of the crop
water requirements (evapotranspiration of crop) could help producers to decide on the optimal
time and amount of irrigation water to apply (Maestre-Valero, Testi, Jiménez-Bello, Castel, &
Intrigliolo, 2017).This is because, if water contents are not sufficient in the soil for plants to
transpire, they close their stomata to adjust to water storage and slow down their metabolic
activities (Singh, Chapter 15, 2020).
Many methods have been designed for the computation of evapotranspiration (ET) that
can be used in irrigation engineering. Some of these methods are Blaney-Criddle (BC) Method,
Jensen-Haise (JH) Method, Hargreaves Method, Penman Method, Wright’s Modification, FAO
Modification, and others (Singh, Chapter 13, 2020). All of these methods consider different
types of environmental data such as daily temperature, daily wind speed and direction, mean
vapor pressure, saturated vapor pressure, dew point, and a crop reference evapotranspiration such
as alfalfa or grass (chapter 14). Since evapotranspiration is an energy driven process that can be
quantitated by remote sensing with the help of new technological instruments such as MODIS
and METRIC (Allen, Tasumi, & Trezza, 2007),(Running, S., Mu, Q., Zhao, M. 2017).

Modis Based Evapotranspiration
MODIS instrumentation derives different products that are able to observe and describe
features of the land, the oceans and the atmosphere. One of those products is MODIS
Evapotranspiration. This product is based on the logic of the Penman-Monteith equation, which
includes inputs of the daily meteorological reanalysis data along with Moderate Resolution
Imaging Spectroradiometer (MODIS) remotely sensed data products such as albedo and land
cover. (Running, S., Mu, Q., Zhao, M. 2017).
MOD16A2 product is constituted of layers for composited Evapotranspiration (ET),
Latent Heat Flux (LE), Potential ET (PET) and potential LE (PLE). The pixeled values for the
two Evapotranspiration layers (ET,PET) are the sum of all eight days within the composite
period (Running & Zhao, 2017).
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Topography
Topography is quite important to the hydrology of a growing field; as it impacts the water
availability for crop production (Kravchenko, 2003). Field and crop management is strongly
determined upon the field’s topography, as farmers must decide which crops will thrive at higher
elevations and which of those need to be planted at lower elevations for an increased water
intake. One can see a 2-dimensional topography map of the property below in Figure 3.
Average field elevations of the property were found to be roughly 550 ft in the northeastern
section of the field and slope down to approximately 537 ft towards the southeast portion,
ultimately leading into the stock tank in the southern portion.

Figure 3: 2D topography view of the property (ArcGIS Pro, 2020)

Irrigation
Potential Irrigation Methods
Surface Irrigation
There are many irrigation methods that are used to irrigate varieties of crops throughout
the world. Many irrigation types fall within the broad design of ‘surface irrigation’. In general,
surface irrigation eliminates the use of a pumping system as the driving force for the irrigation
process, as water is gravity-fed throughout the desired area and will infiltrate over a period of
time. This form of irrigation uses minimal energy, requires low capital investment, and
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implements equipment that is easy to use (Singh, Chapter 7, 2020). However, it does have a few
requirements for implementation such as heavy labor and an appropriately leveled and smoothed
field that can become disadvantages (Singh, Chapter 7, 2020). Additionally, if the land being
irrigated has a steep slope or is very uneven, surface irrigation becomes less attractive due to
more labor costs and time for land leveling (Singh, Chapter 7, 2020).
Furrow Irrigation
Furrow irrigation is another form of irrigation that was considered throughout the
irrigation analysis. This type of surface irrigation only covers one fifth to one half of the ground
surface with water (Singh, Chapter 20, 2020). Partial coverage of the soil by water decreases
evapotranspiration and results in improved soil structure that makes it possible to cultivate the
soil sooner after irrigation than other surface irrigation methods (Singh, Chapter 20, 2020). For
row crops, such as the ones present in our field, furrows are usually parabolic in cross-section or
have flat bottoms and about 2 to 1 side slope (Singh, Chapter 20, 2020). Furrow is a type of
irrigation that can be positive for crops that are susceptible to ponded surface water or
susceptible to fungal roots (Singh, Chapter 20, 2020). The type of soil is an important
consideration when designing furrow since it will change the rate of vertical infiltration and
could result in poor lateral distribution of water and deep percolation losses (Singh, Chapter 20,
2020).
Furrow irrigation is one of the few methods of surface irrigation in which water is applied
at the head of the field and flows freely as water flows over the land surface by gravity (Singh,
Chapter 17, 2020). This method is used to allow water to infiltrate as much as possible to refill
the crop root zone. For water to flow into each furrow, a channel is constructed on the elevated
side of the furrow and then diverted into the crops using siphons or pipes (Singh, Chapter 20,
2020). This process can be seen below in Figure 4.
The natural resources conservation service has created a comparison table of surface
irrigation methods. In the case of furrow, it states that low cost is necessary for development,
rectangular field geometry is the most appropriate for this method, high labor and high skills are
required to maintain furrow irrigation, and land leveling is required (Singh, Chapter 17, 2020).
Other specifications of using furrow irrigation include using coarse to moderate texture soils,
water is usually applied at low but long and frequent discharges, works better in low rainfall
areas, erosion is the principal risk, and the fact that low to moderate efficiency and uniformity
are realities of this form of irrigation (Singh, Chapter 17, 2020).

Figure 4: Furrow Irrigation (Vanuga, 2011)
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Trickle Irrigation
Trickle irrigation was contemplated and researched for potential use within the design.
Trickle irrigation is the direct application of water either into the root zone or into the surface at a
slow and frequent rate. Limiting the area of land being irrigated decreases water evaporation,
weed growth, and interruption of cultural operations (Singh, Chapter 22, 2020). Other
advantages of using trickle irrigation include maintaining high moisture content preventing
formation of hard surface crust and avoiding the problem of root penetration, the rate of
application could be equal to the rate of water used by the crop, and it reduces the fungus and
other pests that require a moist environment.A study performed in southern New Mexico found
that the efficiency for a drip irrigation system ranges from 81-90% when used on an onion crop
(Al-Jamal, Ball, & Sammis, 2001). Using trickle irrigation, fertilizers can be applied through the
emitters, reducing stress under saline conditions and labor cost are low since systems are
generally permanent (Singh, Chapter 22, 2020). Trickle systems usually present problems such
as clogging of the emitters due to their small diameter, direct wetting could sometimes be
disadvantageous to the crop, and salinity usually accumulates to a short distance away from the
emitter and can move to the root zone during heavy rainfall events. Other disadvantages are that
roots can have aeration problems since they grow more densely, windy and dry conditions can
cause dust problems, and pesticide demands could be greater using this system (Singh, Chapter
22, 2020). Trickle irrigation is conformed to different sub-systems such as drip irrigation,
bubbler, spray, and subsurface. In the case of this study, drip irrigation is of must interest since it
provides an efficient way of irrigation that can potentially be designed to fit the topographic
necessities of the field (due to high adaptability to different slopes) (Singh, Chapter 22, 2020).
This type of irrigation usually has a discharge rate of 12 l/h (3 gph) for point source emitters and
less than 12 l/h per meter for lateral or line source emitters, these are some different types of
emitters (Singh, Chapter 22, 2020). In the case of cotton, it was reported an increase of the
crop’s yield by more than 8 % while using 24 % less water than surface irrigation (Singh,
Chapter 22, 2020). Drip can be implemented in different types of soils. On sandy soils, for
example, the rate of discharge has to be greater by the emitters to achieve adequate lateral
wetting of the soil (Singh, Chapter 22, 2020). Emitter diameter ranges between 0.2 and 2 mm,
which explains why clogging by sediments is highly probable (Singh, Chapter 22, 2020).
Although there have been filtration systems implemented within emitters, small particles can still
pass through the filter, interact with microbial by-products, and potentially clog the emitter
(Bucks & Nakayama, 1991). An example of trickle irrigation can be seen below in Figure 5.

Figure 5: Drip / Trickle Irrigation (Grow Organic, 2018)
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Continuous-move system
Continuous-move irrigation systems are a type of system that is increasing in popularity
in different parts of the United States due to its autonomy while operating, low energy
requirements, and high application efficiency . There are two types of continuous-move systems:
center-pivots and linear-move systems (Singh, Chapter 21, 2020). They both have laterals
supported by towers spaced each 24 to 76 m. The towers are driven by electric motors or by
hydraulic oil, or water-driven motors (Singh, Chapter 21, 2020). Laterals are usually 365 to 400
m long and the operating sprinkler pressure can range from 140 kPa to 790 kPa (Singh, Chapter
21, 2020). The main difference between these two systems is the way they move throughout the
field. Center-pivots rotate around a fixed pivot point while linear-move systems translate
linearly throughout the field (Singh, Chapter 21, 2020). These two systems carry similar types
of drops or hoses. The high-pressure impact drop is a form of this irrigation where sprayers are
located just beneath the mainline and requires approximately 70-110 psi to properly operate with
a 60 % irrigation efficiency (Peters et. al., 2016).
There are also three other main applicators that can be chosen for operation: MESA,
LESA, and LEPA. Mid-Elevation Spray Application (MESA) is a form of drop that extends
halfway down from the mainline of the system to ground level (Fipps & New, 2000). The
pressure requirement considerably changed when (MESA) was introduced (Peters et. al., 2016).
MESA has an 85% irrigation efficiency and an operating pressure between 35-40 psi (Peters et.
al., 2016). A modification was made to the MESA system and the LESA was created. Low
Elevation Spray Application (LESA) is a form of drop that extends down from the mainline and
is located 12 to 18 inches above ground level (Fipps & New, 2000). This modification reduced
the pressure requirement to a range between 6 to 10 psi and increased the irrigation efficiency to
97% (Peters et. al., 2016). Low Energy Precision Application (LEPA) is when water is either
applied by ‘bubblers’ located 12 to 18 inches above ground level or drag hoses or socks are used
to release water on the ground surface (Fipps & New, 2000). It should be noted that field
research proves 95 to 98 percent of pumped irrigation water gets to the crop using the LEPA
irrigation method (Fipps & New, 2000). LEPA are machines that apply water directly to the soil
surface at very low pressures which reduces high energy requirements.
There are some contrasts between the two forms of continuous-move systems. A center
pivot irrigation system can be seen below in Figure 6. Butts (2019) notes that some benefits of
the center pivot irrigation system include the fact that minimal labor is required, it has a
relatively low labor cost, and can reduce the amount of soil tillage. Flow rates required for
center pivot irrigation systems range from 100 to 3000 gpm at pressures between 10 and 75 psi
(Butts, 2019). Center-pivots can operate in partial circles as they can move in either forward or
reverse directions (Butts, 2019). Some disadvantages of center-pivots include a relatively high
initial and maintenance costs, increases in soil surface compaction along the outer edge with
higher application rate, and the fact that corners are not fully irrigated (Butts, 2019).

Figure 6: Center Pivot Irrigation System
(Lindsay Corporation, 2021)
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Lateral-move irrigation systems or linears have many of the same qualities as
center-pivots but move in a straight line or ‘linear’ fashion. Figure 7 below displays a
lateral-move or linear irrigation system. It is important to note that an advantage of the linear
system over the center-pivot system is the overall increase in the amount of area that is irrigated
within the field. Butts (2019) notes that up to 98% of the entire field is potentially irrigated
when using linear-move systems. Other advantages include high application uniformity, the
ability to deliver low rates of water, and controlled chemigation can be used (Butts, 2019).
However, there are some disadvantages involved with this form of irrigation. Some
disadvantages of linear-move systems include relatively high initial and annual operating costs,
needed water supply to the moving lateral, and difficulty to begin and move the system upon the
completion of an irrigation cycle (Butts, 2019). To better explain, when the system finishes
running laterally across the field, it must be towed or driven back to the initial position.

Figure 7: Lateral-move irrigation system
(Butts, 2019)
LEPA
Low energy precision application (LEPA) are machines which apply water directly to the
soil surface at very low pressure reducing energy requirements. The closer water application
minimizes water evapotranspiration losses and water lost to wind drift (Hall et.al, 1998). But
applying water directly to the soil decreases the time for water to infiltrate and risks of ponding
and runoff are higher (Hall et.al, 1998). Solutions for this problem are to include furrow diking
using dammers/dikers to increase the soil surface water storage, or speeding up the irrigation
system to apply smaller application depths in each pass (Hall et.al, 1998). Water shall discharge
through a drag sock or hose on the ground surface or through a nozzle equipped with a bubble
shield or pad (USDA, n.d.). Nozzle spacing should not exceed two times the row spacing of the
crop and coefficient and bubbles are located between 12 to 18 inches above the ground (USDA,
n.d.). Field tests have shown that LEPA has a 95 to 98 irrigation efficiency and that it is
especially beneficial for low profile crops such as cotton and peanuts, and is even more
beneficial where water is limited (Fipps & New, n.d.). LEPA is the best option to irrigate both
cotton and onion on this project. Its high efficiency makes it possible to use as minimum water as
possible, also, when combined with furrow dikes it opens the possibility of increasing the water
storage on the field. As it was mentioned, applicators are usually 60 to 80 inches apart,
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corresponding to twice the row spacing. Besides being an extra source of water, creating these
ponds between dikes also prevents water runoff. Therefore, preventing common runoff
secondary and wasting of water. Although our field does not receive a great amount of water
from rain, keeping one dry lane between furrows makes it possible to catch extra water from
precipitations.
LESA
Low elevation spray application (LESA) places the water nozzles at a very close distance
to the soil surface but uses a suspended sprinkler or spray head. It has higher application
uniformity than LEPA and also gives more time to infiltrate water into the soil, therefore, it has
less problems with uniformity, ponding and runoff, and can be used in fields without furrow
dikes (Troy Peters). Applicators are at a distance no greater than 18 in above the ground and it is
important to have them at the same distance for uniform distribution (USDA). LESA center
pivots can be converted easily to LEPA with an applicator adapter that includes a connection to
attach a drag sock or hose (Fipps & New, n.d.).

Irrigation Management
Irrigation management practices are important to achieve a desired goal in irrigation
engineering. The “goal” does not necessarily have to be to meet the water crop consumption
demand or crop water evapotranspiration, also, irrigation can be directed towards other ends such
as minimizing energy requirements, frost protection or crop cooling and leaching (Singh,
Chapter 27, 2020). Excess of salts in the soil potentially increases the pressure required by the
plant to transpire water, therefore, more water is intentionally applied to the soil by the engineer
to “leach” salt particles away from the active root zone of the crop (Singh, Chapter 27, 2020).
Other important objectives of irrigation management is to maintain the total irrigation system
and drainage system to avoid the depletion of the water source, minimize environmental impact,
and maintain plant life without focusing on high yields (Singh, Chapter 27, 2020).

Irrigation Scheduling
In order to achieve a desired goal, irrigation engineers can use irrigation scheduling as a
tool to account for different variables affecting the crop and supply the field with a desired
amount of water. In the case of a crop such as cotton, it has been shown that applying irrigation
methods nearly doubles the non-irrigated cotton yields. This is because irrigation ensures
adequate water in the root zone to meet crop water needs on a consistent basis (Hamid Farahani
2012). Improper knowledge and application of irrigation scheduling will result in wasting or
underutilizing water resources through under or over irrigation and more precise irrigation
practices involve applying the proper amount of water at the right time (Hamid Farahani 2012).
Different types of irrigation scheduling tools are available to predict when and how much to
irrigate based on weather and crop conditions. Most of the scheduling techniques available
online, use the water balance method to account for how much water is applied or subtracted
from the soil. Another method used for irrigation scheduling using the soil water content, this
one requires knowledge of the available water in the soil (Hamid Farahani 2012).
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Checkbook Method
The checkbook balance method is based on available water in the soil. Similar to a
checkbook, input water to the soil is credited to the total soil water, and withdrawals are debited
from the soil water (Hamid Farahani 2012). Taking this into consideration, rainfall and irrigation
would be considered as an input of money to the account (positive). On the other hand,
Evapotranspiration or crop water used would be considered as a withdrawal from the account
(negative) (Hamid Farahani 2012) (Singh, Chapter 27, 2020). Equation 1 below shows the
checkbook idea where SWD is the soil water deficit. The idea is to maintain the SWD in between
a certain range called allowable water deficit. The allowable deficit is dependent on the type of
soil, crop root depth, and water hiding capacity (Singh, Chapter 27, 2020). To measure the depth
of water that should be applied to the soil to restore water content is first important to understand
the basic terms used in irrigation engineering. The pressure that plants must exert to extract the
water from the soil will depend on the type of soil and the quantity of water available on the root
(Singh, V., Chapter 27, 2020). The available water for plants to extract is found between field
capacity and wilting point, water between these limits is called capillary water. Field capacity is
the upper limit of soil depth that can be reached by water without it being lost by gravitational
forces (runoff) , water above this limit is called gravitational water (Singh, V., Chapter 27, 2020).
Although wilting point is the lowest limit of soil depth that can be achieved before plants are not
able to extract water from soil pores due to adhesion forces (hygroscopic water), irrigation
should be performed when water levels reach the refill point or allowable depletion level (AD)
which is usually 50 percent of the allowable water capacity. To ease the computation, we will
define the “actual” depth of water on the soil by giving it the name soil water deficit (SWD)
(Singh, V., Chapter 27, 2020).

Equation 1: Soil Water Deficit Equation
This equation requires the daily values for precipitation (Pe), Cop evapotranspiration
(ETc), irrigation depth (de), and Soil water deficit of the day before (SWD i-1).
Equation 1 was taken from the PowerPoint presentation “Irrigation scheduling” BAEN
464 from Dr.Singh. It includes water gained by precipitation (Pei) and water gained by
groundwater (Ufi). With this equation we can compute SWD (water level) for each day of the
season after planting and understand when irrigation is required. Since water levels should not be
lower than the allowable deficit of the field, irrigation should occur when SWD goes above AD.
Irrigation depth required (dei) will vary depending on the crop.
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Depth of irrigation
Required irrigation depth is not constant during the crop growing season. An irrigation
manager’s goal is to maintain water levels between FC and AD. This allowable deficit will
change as the plant root zone increases from the planting day to mid-season, therefore increasing
the ability of the plant to extract water and the holding capacity of the soil (Singh, V., Chapter
27, 2020) . In the case of onions peak water use is about 0.2 in/day, therefore almost 1.5 in of
water from irrigation or rainfall is needed each week for top production (C. Dean Yonts 1983).
More current and local information states that onion or more specifically yellow onion (1015
onion) needs 1 inches of water per week during peak consumption weeks (Dixondale-Farms
2021). In the case of cotton, a research performed by the faculty of the University of Georgia
used the textbook scheduling method to estimate a maximum water requirement of 2 in/week
during peak consumption weeks. Also, minimum application per week was 1 inch and some
periods required 1.5 in/week (Collins, 2016). Then for soybean, a research from the University of
Nebraska found that on average daily peak water consumption for the crop was 0.32 in. Since
medium texture soils such as sandy loam soils have low available water capacity, lighter
applications (between 0.75 in and 1 in) but more frequent are required to recharge the limited soil
water reservoir (Kranz, 2012).
Water Quality

Reverse Osmosis System
Using the provided water report from three wells around the STAR property, the average
salt content was calculated to determine if the groundwater had to be cleaned prior to being used
for irrigation. We calculated the average total dissolved solids between the 3 wells to be
4112ppm. According to the Department of Primary Industries and Regional Development:
Government of Western Australia (2019), water content with approximate total dissolved solids
greater than 2850 ppm are considered to be ‘very salty’: limiting the use of irrigation for
agricultural practices. The Food and Agriculture Organization (n.d.) notes that salt
concentrations lower than 500 ppm are usually suitable for irrigation purposes on most crops.
Therefore, these dissolved solids (salt content) must be reduced for proper irrigation measures.
Onion is our most salt-sensitive crop and its harvest yield will begin to suffer with irrigation
water over 500ppm in TDS. There are various solutions to achieve this process, but a common
method is the implementation of a reverse osmosis system (RO system). According to Woodard
(2020) RO systems consist of 3, 4, or 5 stages of filtration to ultimately remove up to 98% of
total dissolved salts. Although these systems can be quite costly on a high scale level, such as in
this project, it is a potential cost that must be considered. The well we are drilling for this project
may expel clean, non-brackish water and if that is the case, an RO system will not be necessary.
However, a water test must be performed on the well water to determine if it is below 500ppm in
TDS and clean enough for our irrigation purposes.
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Pumping
Pump Types
A pump is ultimately the heart and soul of nearly all agricultural irrigation systems, and if
not maintained and properly sized can lead to many wasted costs (Scherer, 2017). It is
imperative that one consider a pump's operating characteristics, power requirements, and the
overall use or function of the pump itself upon completing the intrinsic process of sizing the
pump. Of the many pumps that are currently on the market, there are two that can be utilized
efficiently and effectively to fit within the scope of this project design: a centrifugal pump and a
submersible well pump.
Centrifugal pumps are often used in irrigation when pumping from rivers or ponds. One
can see below in Figure 8 the general layout of a centrifugal pump. These pumps tend to be less
costly, require less maintenance, and are relatively simple to install (Scherer, 2017). Most
centrifugal pumps require priming before use. This often leads to inconvenience and opens
possibilities to maintenance issues if the pump is not run for some time. However, vertical
centrifugal pumps may be set in a unique fashion that the impeller is under water at all times,
eliminating the hassle of priming before use (Scherer, 2017). Pictured below in Figure 9 is a
vertical centrifugal floating pump in action.

Figure 8: General design of a centrifugal pump (Scherer, 2017)

Figure 9: Floating vertical centrifugal pump (Scherer, 2017)
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Rather than transporting and driving surface water, submersible pumps are used for
pumping groundwater from aquifers in water wells. This type of pump is quite versatile, as it
can pump more than 5000 gallons of water per minute with a total dynamic head ranging from
50 to 500 feet (Scherer, 2017). One can see below in Figure 10 the general layout of a
submersible pump within a well.

Figure 10: General design of a submersible pump (Scherer, 2017)

Laws and Regulations
Approximately 8.16 million acre-feet of the 10.2 million acre-feet of groundwater that
gets pumped from Texas aquifers each year is used for agricultural irrigation (Dowell, 2013).
Water is perhaps the most imperative item when growing crops, vegetables, or forage. Under the
Rule of Capture rule in Texas, “a landowner needs no permit to drill a well and pump
groundwater”, so long as the landowner is not causing waste, malicious drainage, or subsidence
(Dowell, 2013). These terms are also classified as “best available science” techniques in section
36.0015 of the Texas Water Code (Title 2. Water Administration). There are, however, local
laws and regulations that can be made within groundwater conservation districts. According to
the Texas Water Development Board, the area of the project falls within a region where there is
no groundwater conservation district (George, Robert, & Petrossian, 2011). This can be seen
below in Figure 11. With this noted, the pumping yield of a well on this property must not affect
the drawdown levels of nearby wells throughout the STAR ranch.

26

Figure 11: Groundwater Conservation Districts of Texas (George, Robert, &
Petrossian, 2011)

Fertilizer and Pesticides
According to the Texas Department of Agriculture, the Texas Pesticide Law states that
whoever applies the pesticide must be either licensed or certified by the TDA (“Agricultural
Applicators,” n.d.). Additionally, pesticide application records must be kept for 2 years and
commercial agricultural applicators need to register their application equipment and must have
insurance (“Agricultural Applicators,” n.d.). However, if only fertilizer is being applied, the
applicator need not be licensed by the TDA or by the Structural Pest Control Service (SPCS)
(“Agricultural Applicators,” n.d.).
A few ways to reduce the possibility of water contamination from fertilizers and
pesticides are having year-round ground coverage, planting field buffers, infrequent tillage, and
practicing conservative drainage (US EPA, 2013). Another suggested solution for nutrient
pollution is to implement a nutrient management plan by doing an in-depth analysis on the crop
to ensure that it only receives the amount of nutrients that it can uptake at one time (US
Environmental Protection Agency, 2005).
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Energy
Three-Phase Induction Motors
Electric motors are devices that convert electric power into mechanical power. Electric
motors are quieter, more readily adaptable to automatic or remote control, and do not produce
exhaust emissions (Ajit K. Srivastava 2006). Single-phase motors become impractical in sizes
much above 7.5 kW (10 hp), therefore, for larger power requirements, three-phase motors
become the practical choice. Three phase induction motors are available in sizes up to 150 kW
(200 hp) (Ajit K. Srivastava 2006). Voltage to the motor is provided through three electrical
conductors of a three-phase line. The voltage waveform B lags A by one third of the wavelength
or 120 deg. for 60 Hz voltage. Voltage C lags A by 240 deg. Three-phase electricity from the
electric power grid is provided for either wye or delta connections and motors are available for
either type of power (Ajit K. Srivastava 2006).
Solar
Given the fairly remote location of the project site, solar power is a considerable option.
It would be very expensive to have power brought to the site so we will need to do a cost benefit
analysis on using solar energy to power the pump that will be used to irrigate the crop(s). In a
study analyzing 1.71 million Bangladesh irrigation pumps, it was found that the life cycle cost of
a diesel-operated pump was more expensive than that of the solar pump after 5 years (Hossain,
Hassan, Mottalib, & Hossain, 2015). Another benefit to using solar panels, is the federal
investment tax credit and other solar incentives from the state or local area. There are 3 main
types of solar radiation depending on the position of the solar panels: global horizontal irradiance
(GHI), direct normal irradiance (DNI), and average tilt at latitude (ATaL) (Solar Energy in
Laredo, TX, 2020). ATaL typically yields the greatest energy output so this is likely the method
we would implement if using solar. For the Laredo area, the average ATaL is 5.54 kWh/m2/day
(Solar Energy in Laredo, TX, 2020). For certain time periods throughout the growing seasons,
our systems will be required to run overnight. With solar, 24/7 power just simply isn’t
guaranteed. Using solar in our project would be a major risk as a result, because the availability
of power would rely completely on the weather. In order to reduce that risk, we would need to
purchase an additional 300kWh battery that costs $400/kWh at a minimum. Large capacity
batteries like this may also have a shorter lifespan so it would be a great cost to replace and
dispose of them.
Diesel-Generated
A diesel-operated pump would be easy to install and a much lower initial investment
compared to a solar pump. However, diesel pumps entail higher maintenance costs and have a
shorter life expectancy than solar pumps (Hartung & Pluschke, 2018). In order to run a diesel
irrigation pump, there would need to be a diesel tank on the project site or a worker who takes
trips to fill up a barrel. Another negative is that the cost of diesel varies, and the available supply
of diesel may also vary which could cause it to become more expensive at times. Using diesel
already causes air pollution but it also presents the possibility of groundwater and soil
contamination if an accidental diesel spill occurs (Henderson, 2019). This could be a very costly
situation to fix though the likelihood of a major spill like this occurring is low. The major benefit
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of using diesel over solar, is that the power from a diesel generator is mostly guaranteed as long
as it has fuel and it is regularly maintenanced. Diesel generators also have a lower initial cost
than solar systems.
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DESIGN OBJECTIVES & CONSTRAINTS
Crop Determination
Objectives
Crop determination was the initial phase of our linear design approach. The objectives of
this phase were to obtain a large initial crop pool to ultimately pull from. We performed
extensive research throughout this section to determine the number of crops along with various
rotational options for our client. Direct communication with multiple large-scale farmers was
accomplished throughout this phase to explore what crops are currently grown and could
potentially be grown within the area.

Constraints
The dry-arid weather conditions along with minimal annual precipitation were the two
main constraints of our crop determination phase. The soil pH was also a constraint as crops
must be able to grow around a 7.5 pH level. These three components were all taken into account
within our crop benefit analysis and were used to both choose our initial pool of crops and
narrow down the set to our desired (most optimal) crops to be grown for the project.

Irrigation Design
Objectives
The goal of the irrigation section of our design will be to use the type of crops selected
from the first step of the project “crop determination” and calculate the seasonal water
requirements for the crops. Then, use rainfall and expected irrigation data to size for a system
able to maintain a certain water capacity during a certain amount of time. The best irrigation
system must be also selected between trickle, center pivot, and furrow irrigation. Then, the
amount of water calculated from evapotranspiration values could be used to determine if our 6
million gallon water pond is enough to supply, with the help of rainfall, enough of the liquid to
yield a desired amount of bushels. In the case that not enough water is available to produce our
crops, a water well will be included in our design to account for the missing water. Therefore, a
well must be sized in the case it is required in order to supply the system with a certain amount
of water. Finally, the water quality supplied by the system should have an adequate level for the
plant to easily transpire the liquid without stress or excess of chemicals that could provide harm
to the crop.
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Constraints
As seen in our literature review, our field does not account with proper amounts of
precipitations to sustain a reasonable production of crops.The area where the project is located
gets a yearly precipitation of almost 20 inches, only for a fully irrigated plantation of soybean
you would require between 20 to 26 inches of water per growing season. Therefore, the existing
pond water resource may not be enough to sustain a complete growing season. Also, water
quality can be a problem if a well is needed to supply water to the crop since salt and other
chemicals may be present in intolerable levels for the type of plants we choose. Aside from the
3-acre stock tank that is fed solely on rainfall, there is no source of accessible water. Hence, a
water well has been incorporated into our design for irrigation purposes.

Energy Analysis
Objectives
Our linear approach to solve the problem permits us to have a total estimate of the
amount of power required to operate the entire system. After the irrigation system is chosen and
it is determined if a well and a filtration system are required, all energy driven components will
be known in order to calculate a total amount of power. The objective of this section is to have a
design that can operate without interruption since a secondary effect of permitting water stress on
the plant is a reduction of yields. Since the goal of this project is to break even in 5 years
maximum, crops should not be permitted to experience considerable amounts of water stress.
Because of the lack of accessibility to the power grid from our field, a generator must be sized to
continuously run our design during a certain period of time. Therefore, the goal of this section
would be to size the total net power required to continuously run the system while considering
capital costs, operational costs, and variable costs for the generator selected.

Constraints
Major constraints on the energy section of this project involve the lack of connection
from the projects area to an energy grid. Generally, three phase electric motors required to
operate centrifugal pumps are rated to be used with a 460/480V source. To generate that voltage
and the desirable current, a generator of any type would be required.
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FINAL DESIGN
Crop
Crop Rotations
Rotating crops throughout years has been an ancient farming technique that is still used
today. The practice of growing different crops each season offers many benefits for both the
farmer and the land. The farmer will oftentimes see an increase in yields for their main cash
crops after rotation with a different ‘rotational’ crop. After researching which crops could
potentially grow within this harshly dry area of South Texas, we came to find that cotton and
onion would likely be the best options to propose as the main cash crops. The Texas Farm
Bureau reported that in 2019, Zavala county, which is 2 counties due north of Webb county, had
topped the state charts in average cotton yield; producing an average of 1,602 lb per acre of
cotton. Onion was chosen after reviewing multiple economic onion farming reports where
growing onions proved to be financially feasible. Simply growing these two cash crops would
likely result in the depletion of many key natural nutrients within the soil. After reviewing the
soil test reports, found in Appendix F, there appeared to be a rather low amount of nitrogen
within the soil. With this in mind, we propose to begin the first year by growing soybeans, a
nitrogen fixated crop, which will add nitrogen back into the soil. It was then found that sesame
works great in a cotton rotation, eliminating the upbringing of soil diseases which could
ultimately have a drastic effect on one’s cotton yield. After speaking with Bruce Fraiser, the
owner of Dixondale Farms in Carrizo Springs, TX, we decided to double crop the 1015 onion
with both cotton and soybean. Mr. Fraiser claimed that the cotton-onion rotation is a great
practice that has worked well for him on their farm (the largest onion farm in North America).
However, it should be noted that onions shall not be grown year after year, so one’s property
does not get infected with pink root. Pink root affects many areas of Texas production and can
decrease yields up to 10% (Robberts, n.d.). Two solutions for this problem are to rotate the crop
for at least 2 seasons and use a resistant type of variety such as the 1015 onion. (Hall et. al, n.d.).
Upon completion of the crop benefit analysis, which can be seen below in Appendix C,
we narrowed down the crops to soybean, sesame, cotton, and onion. Once this was completed we
created 4 different cropping scenarios and ran an economic analysis of each. Figure 12 below
has each of the 4 different scenarios along with their corresponding acreages of growth. Table 2
below displays an economic analysis of each scenario. It is important to note that these numbers
are only taking the cropping expenses into account. Scenario 3 was chosen as it yielded the
highest profit.
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Figure 12: Various Scenarios Considered

Table 2: Crop Scenario Economics (Scenario 3 was chosen)

After reviewing previous project proposals, along with performing extensive research on
the subject matter, we are proposing to maximize the amount of farming land. To better explain,
56.5 acres will be fed by a center pivot, but due the geometry of the field, there will be
approximately 30 acres of corners that are not irrigated. Pictured below is Figure 13, which is a
graphical representation of our proposed ‘Scenario 3’ crop rotation plan.
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Figure 13: Recommended 5-year Crop Rotation

Desired Crops’ Specifications
Planting dates and harvesting dates are crucial when determining a cropping rotation.
The proposed growing schedule, broken down by year, can be found below in Figure 14. We
recommend starting with soybean to be planted at the beginning of March and harvested in either
late July or early August in the first year. There will be a quick turn-around as we plant to
double-crop into onion throughout the first winter. The 1015 yellow onion was in fact bred for
the South region of Texas and was developed here at Texas A&M University. The name was
developed as it’s recommended planting date, October 15 (1015). For the next two years, we
propose to grow dry sesame to relieve some of the operating expenses with the various running
systems. The last two years of the rotation will be the highest revenue years, as we propose to
double-crop cotton from March to September in year 4, and onion from October of year 4
through April of year 5.

Figure 14: Crop Growing Schedule
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The majority of crops are broken down into 4 main growth stages: initial, rapid growth,
mid season, and late season, Our crops growth stages were found and used to develop an
extensive irrigation schedule which is explained later in this report. Table 3 below represents the
dates of these growth stages.
Table 3: Crops’ Growth Stages
Crop
Grown

Growing Date

Initial

Rapid
Growth

Mid Season

Late
Season

Soybean

March 1 - July 18

3/1 - 3/20

3/21 - 4/24

4/25 - 6/23

6/24 - 7/18

Sesame

May 1 - July 29

5/1 - 5/5

5/6 - 6/1

6/2 - 7/5

7/6 - 7/29

Cotton

March 15 - Sept. 10

3/15 - 4/13

4/14 - 6/2

6/3 - 7/27

7/28 - 9/10

Onion

Oct. 15 - May 11

10/15 - 11/3

11/4 - 12/8

12/9 - 5/11

12/9 - 5/11

Field Geometry
The 100 acre property includes a pre-existing 3 acre stock tank within an approximated
13 acre watershed, leaving about 87 acres of viable land for crop growth. One can see the
breakdown of the property below in Figure 15. This includes an approximately 30.5 acres of
non-irrigated land, 56.5 acres of irrigated land, approximated 3 acres reserved within the
northernmost point of the watershed for the proposed location of the well and reverse osmosis
system, along with the 3 acre pre-existing stock tank within the 13 acre watershed.

Figure 15: Field Geometry
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Irrigation
Center Pivot System
Center pivot (CP) is a type of sprinkler-continuous-move irrigation system that allows
growers to apply water at ground level with less pressure, lower evaporation losses, and overall
savings in water (Service, 2009).
Center pivots have laterals supported by towers spaced each 24 to 76 m which are then
driven by electric motor or by hydraulic oil or water-driven motors (Singh, Chapter 21, 2020).
Laterals are usually 365 to 400 m long and the operating sprinkler pressure can range from 140
kPa to 790 kPa (Singh, Chapter 21, 2020)). Variations of the center pivot design exist to fulfill
different soil and crop water requirements and increase water application efficiencies. MESA,
LESA, and LEPA are the three more efficient variations of the CPs, and are classified by their
distance between the nozzle or hose and the crop to which is being irrigated.
A center pivot is the best option for this project site because of its low energy and
pressure requirements and its high-water application efficiency which ranges between 85 and 95
percent. Field tests have shown that CP is highly beneficial on cotton yields and growers around
Texas currently use this system for onion production (Service, 2009). Although it is more
expensive than other irrigation systems, its high application efficiency will generate the required
yields for the rotation’s cash crops while ensuring a minimum water use on the field. LEPA and
LESA systems will be used depending on the crop being planted. LESA will be used to irrigate
soybeans and sesame, while LEPA will be used to irrigate cotton and onions.

Water requirements
In agriculture, evapotranspiration is the greatest consumer of water and understanding how much
of the liquid is lost due to its effect is important to estimate the amount of water required for a
crop of a specific area to grow healthy during a characteristic season (Maestre et. al., 2017).
Computations of evapotranspiration on the field are used to compute the water consumed by the
crop and the amount of water required by irrigation. Using daily potential evapotranspiration
(ETo) data requested through NASA, monthly averaged shown in Table 4, along with crop
coefficients (Kc), displayed in Table 5, it was possible to compute daily crop water use (ETc) for
each crop using Equation 2 below.
𝐸𝑇𝑐 = 𝐸𝑇𝑜 * 𝐾𝑐
Equation 2: Crop evapotranspiration (Singh, V., Chapter 15, 2020)
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Table 4: Average Potential Evapotranspiration (inches and mm)

Table 5: Average crop coefficients of crops (for each stage)

To compute 𝐾𝑐 we used the FAO crop coefficient method explained in (Singh, V.,
Chapter 15, 2020). This coefficient is a dimensionless number that varies from crop to crop and
will depend on relative humidity (RH), wind velocity, irrigation and rainfall frequency, and crop
growth stage. The four different stages are initial, development, mid-stage, and harvest as shown
in table 3 (Singh, V., Chapter 15, 2020). To calculate the initial crop water use for each of our
crops Equation 3 was required.

Equation 3: Initial crop coefficient (Singh, V., Chapter 15, 2020)
Where (If) is the interval between irrigations and rainfall, for which, we assumed a only 2
days of separation since more moisture in the soil will generate a maximum evaporation estimate
from the top soil. The coefficient (ETr) is the potential evapotranspiration that was requested
through using MODIS. Furthermore, the crop development period coefficient is calculated using
Equation 4 below. Since the development crop coefficient is not constant during this period, table
3 shows an average value.
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𝐾𝑐−𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡 = 𝐾𝑐−𝑖𝑛𝑖𝑡𝑖𝑎𝑙 +

𝐷𝑎𝑦𝑠 𝑎𝑓𝑡𝑒𝑟 𝑙𝑎𝑠𝑡 𝑑𝑎𝑦 𝑜𝑓 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑠𝑡𝑎𝑔𝑒 * (𝐾𝑐−𝑚𝑖𝑑−𝐾𝑐−𝑖𝑛𝑖𝑡𝑖𝑎𝑙)
𝐷𝑎𝑦𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑜𝑛𝑡ℎ

Equation 4. Crop coefficient for the development growth (Singh, V., Chapter 15, 2020).
As seen in Equation 4, the mid-stage crop coefficient is required to compute the
development stage crop coefficient. Values for the mid season stage are dependent on wind speed
and average relative humidities. Still, if you look at the (Kc-mid) values provided by (Singh, V.,
Chapter 15, 2020) they do not significantly change, therefore, we averaged the crop coefficient
values to get our best estimate. Table 5 above includes each of the (Kc-mid)values for the crops.
The harvest stage crop coefficient was then computed using Equation 5 below. Since the crop
coefficient of the harvest stage is not constant during this period, Table 5 above shows an
average value. Figure 16 below represents the daily crop coefficient after planing, this graph is a
more accurate representation of the crop coefficient shown in Table 3.
𝐾𝑐−ℎ𝑎𝑟𝑣𝑒𝑠𝑡 = 𝐾𝑐−𝑚𝑖𝑑 −

𝐷𝑎𝑦𝑠 𝑎𝑓𝑡𝑒𝑟 𝑙𝑎𝑠𝑡 𝑑𝑎𝑦 𝑜𝑓 𝑚𝑖𝑑 𝑠𝑡𝑎𝑔𝑒 * (𝐾𝑐−𝑚𝑖𝑑 +𝐾𝑐−ℎ𝑎𝑟𝑣𝑒𝑠𝑡 )
𝐷𝑎𝑦𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑜𝑛𝑡ℎ

Equation 5: Crop coefficient for the harvest stage (Singh, V., Chapter 15, 2020)

Figure 16: Crop coefficient values (Kc) each day after planting

Although it is not identified for a more clear representation of Kc, it is noticeable how
each growth stage is depicted on the graph. The initial stage initiates the graph with a constant
horizontal line, then the development stage is represented by the straight diagonal line until it
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reaches the mid-season which is again a constant horizontal line. Finally, the late season is
represented by the linear diagonal line that ends the graph.
Computing the daily water consumption of a crop, it is possible to estimate the total water
consumed by the crop per growing season. Table 4 displays the total water consumption and the
duration of the growing season for each of the crops chosen for the 5 year rotation. Also, figure
compares daily ETc for each of them in units of inches since day 0 (planting).

Figure 17: Crop water evapotranspiration comparison

Figure 17 abovet includes the evapotranspiration comparisons between each of our crops
chosen for the 5 year rotation. It is important to note that the days of planting for each of them
are different, but in order to compare them we assumed they are all planted on day 0.
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Table 6: Total crop seasonal evapotranspiration values

Table 6 above lists the evapotranspiration values for each of the crops chosen over the 5
year rotation. It is important to note that they are grown during different times of the year so low
values or high values are dependent on environmental variability.

Irrigation scheduling
Crops require a certain amount of water on their effective root depth to properly grow. To
effectively irrigate crops, the farmer or manager should know how much and when to irrigate.
Therefore, any method of irrigation scheduling is necessary on crop production to achieve any
desired goal.
Soil water deficit (SWD) and Allowable deficit (AD)
As it was mentioned in the literature review, the irrigation manager needs to maintain the SWD
values below the AD levels in order to avoid water stress on the crop. As it is demonstrated in
figure, when the SWD (blue) line goes above the AD (yellow) line, irrigation (orange) is applied
so the SWD goes below the AD. This is a fundamental concept to perform the irrigation
schedule. To demonstrate how the allowable deficit changes (and therefore the irrigation depth)
as the root zone increases, Figure 18 is presented below.

Figure 18: Allowable deficit dependency on root depth
As the root zone of the crop increases, the allowable deficit will also increase, therefore,
increasing the irrigation depth requirement for the crop and the center pivot capacity.
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Depth of Irrigation
After months of research which was summarized on parts of the literature review (depth
of irrigation), the depth of irrigation for each of the irrigated crops in the rotation was
determined. As it can be seen below in Table 7, irrigation values are half or more than those
weekly peak consumption suggested values which were; 1 in/week for onion (Dixondale-Farms,
2021), 2 in/week for cotton (Collins, 2016), and 2 in/week soybean (Kranz, 2012).
The reason for this difference is that soil type is an important factor to consider when
designing the capacity of the system, hence, some type of soils cannot take more than a certain
amount of water during a period of time. In the case of this design, as it will be discussed in later
few sections, irrigation usually happens more than once a week. Therefore, weekly requirements
will be fulfilled by applying this amount of water during different days of operation on the week.
Table 7: Maximum depth of application per irrigation
Crop
Depth of irrigation (in)

Onion
0.43

Cotton Soybean
0.7
0.7

Required capacity of the center pivot
The capacity of the irrigation system is determined by the gallons per minute (GPM) and
the number of acres irrigated (Leon New). Another important factor that will determine the
system’s capacity will be the time of operation of the design. (Singh, V., Chapter 21,
2020)Suggest that longer times of operation are beneficial for the system’s structure since it
reduces the effect of wear, 24 hours being the best to reduce the impact. Yet, after discussing the
topic with several irrigation experts they suggested a time of operation of 22 hours since it
reduces the capacity requirements of the system (also decreasing capital cost) and gives the
farmer a 2 hour time period for any time of repair needed. Type of soil also was considered
when computing the capacity of the system. Coarse textured soil has a low available water
capacity, hence, it requires lighter and more frequent irrigation. On the other hand, Medium
textured soils combined with deep root zones require a more large water application at a less
frequent irrigation (Singh, V., Chapter 21, 2020). Taking this into account, all of these different
parameters are included in Equation 6 in order to calculate the maximum GPM required.
𝐺𝑃𝑀 = 450 *

𝐼𝑟𝑟𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑝𝑡ℎ * 𝐴𝑐𝑟𝑒𝑠
𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛

Equation 6: GPM required to irrigate an area per time (Singh, V., Chapter 21, 2020)

Using equation 6, we were able to determine the maximum system capacity for each of
the crops chosen to be grown on the 5 year rotation. Table 8 shows those values calculated
assuming a 22 hour application and 56.5 acres to be irrigated.
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Table 8: Maximum capacity GPM required by the system
Crop
GPM

Onion
523

Cotton
807

Soybean
807

Checkbook Method
Using the checkbook method and Equation 5, we were able to estimate when irrigations
should occur. Evidently, these are not necessarily going to be the exact dates, but, it is a good
estimate of how many irrigations per season will be required to then have a total estimate of
gallons required. The schedule assumes full irrigation which would mean greater yields leading
to higher profits. In appendix E you can see a full spreadsheet showing the recommended
irrigation schedule for growing onions.

Figure 19: Irrigation Schedule for Cotton

Table 9 below shows an example of the irrigation schedule designed for cotton. As it can
be seen, irrigation occurs when SWD goes over the AD limit in order to decrease water stress on
the crop. This is a copy of the irrigation schedule for cotton from day 72 to day 84. This same
method was used with onion and soybean.
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Table 9: Irrigation Schedule for Cotton

Day After
planting

ETc

Effective
rain

Wb

SWD

Depth of
irrigation

GPM

72

0.251609

0.12

0.132

2.463

0.7

807.1636

73

0.251609

0.0525

0.199

2.662

0

0

74

0.251609

0

0.252

2.914

0

0

75

0.251609

0

0.252

3.166

0

0

76

0.251609

0.6675

-0.416

2.05

0.7

807.1636

77

0.251609

0.075

0.177

2.227

0

0

78

0.251609

0.045

0.207

2.434

0

0

79

0.338618

0.2175

0.121

2.555

0

0

80

0.338618

0.0225

0.316

2.871

0

0

81

0.338618

0.0075

0.331

3.202

0

0

82

0.338618

0

0.339

2.841

0.7

807.1636

83

0.338618

0

0.339

3.18

0

0

84

0.338618

0

0.339

2.819

0.7

807.1636
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Gallons per Season
Since a pond with almost 6 million gallons of water and 17 inches of annual rain are the
only sources of water for the rotation system, computing an estimate of the total gallons required
helps us determine if a well will be required to be implemented. Using the irrigation schedule we
are able to estimate the number of irrigations required for the entire season, the total inches of
water applied by irrigation and effective rain, the gallons per day of irrigation, and the total
amount of gallons per season. All of these values are summarized within Table 10 below.

Table 10: Irrigation Specifications

Crops

Onion

Cotton

Soybean

Number of irrigations

23

41

34

Gallons per minute

523

807

807

Gallons per day

690,360

1,065,456

1,065,456

Gallons per season

12,278,640

43,683,696

35,653,202

Inches of irrigation

8.4

28.7

23.4

Inches of rain

3.4

9.7

5.7

Irrigation Source
There were three main sources to be considered for the source of irrigation: precipitation,
the pre-existing 3 acre stock tank on the property, and drilling a Carrizo water-well. Relying on
rainfall or the pre-existing stock tank as sole sources for irrigation will not be adequate sources to
provide enough water needed for the total water requirements of the rotation. Receiving an
average annual rainfall of approximately 17 in. will not sustain the stock tank to even an area of
3 acres. Figure 20 below displays the average monthly rainfall of the area.
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Figure 20: Average Monthly Precipitation (2018-2020)
This rainfall data was determined using averaged daily, monthly, and annual precipitation
data obtained from the National Oceanic and Atmospheric Administration database. The two
stations that contained the most consistent data ranges were stations in San Ygnacio and
Hebbronville, TX. A geographic representation of the two stations in relation to the Huisache
Pasture can be seen below in Figure 21.

Figure 21: Weather Stations Geographic Map
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It was discussed with our client that the stock tank will also be used as a water source for
their cattle through pasture rotations. If the stock tank was to stay at full for 5 years at an area of
3 acres with an average depth of 6 ft; there still would only be approximately 5,865,326.12
gallons of water within the tank. Listed below are the stock tank volumetric calculations.

Pre-Existing Stock Tank Volumetric Calculations:
-

Specs from Mr. Raney:

- Known Conversions:

* Area = 3 acres

*1 𝑎𝑐𝑟𝑒 = 43560 𝑓𝑡

* Average Depth = 6 ft
-

= 7. 48052 𝑔𝑎𝑙

* assume even slope
* use average depth

Volume Calculation: 𝑉 = [𝐴𝑟𝑒𝑎] * [𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑒𝑝𝑡ℎ]
𝑉 = [(3 𝑎𝑐𝑟𝑒𝑠) * (
V =784080 𝑓𝑡

-

* 1 𝑓𝑡

3

- Assumptions:
2

43560 𝑓𝑡
1 𝑎𝑐𝑟𝑒

2

)] * [6 𝑓𝑡] = 784080 𝑓𝑡

3

3

Volume Conversion:
3

𝑉 = (784080 𝑓𝑡 ) * (

7.48052 𝑓𝑡
1 𝑔𝑎𝑙

2

) = 5865326. 12 𝑔𝑎𝑙

V =5, 865, 326. 12 𝑔𝑎𝑙

With this information, we have decided that it is not feasible to rely solely on
precipitation and the stock tank as the source for irrigation water. We propose to drill a Carrizo
Well on the property in order to meet the needs of irrigating the proposed crops.

Water Treatment
If the Well Water is Brackish
We cannot make a definitive statement about the water quality of the well we drill
without having an extensive water report done at the time of drilling. Due to this, we have
selected an RO system to implement if the worst case scenario occurs and the well puts out
brackish water, as indicated by the surrounding well reports. The water reports for the wells
surrounding the project area showed extremely high dissolved solids, ranging from around
4000-4400ppm as seen in Table 11. With this in mind, we researched the salinity tolerances of
each of our selected crops and found that onion would be the most sensitive to salt. Table 1
shows that as the electrical conductivity of irrigation water increases, the yield potential
decreases for every crop. This meant that we needed to select a filtration system that would be
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able to reduce the dissolved solids down to around 500ppm and a reverse osmosis system is the
filter type that we recommend to do so. We created a day-by-day water schedule Excel sheet over
the 5 years that accounts for water from the well, irrigation, surface water evaporation, and
precipitation. We found that the smallest RO system capacity we could use would need to put out
92,000 GPD of clean water and our tank capacity would need to be increased to 35M gallons
from its original 5.85M. The RO model we selected is an Axeon-X2 system that costs around
$81,000.
Table 11: TDS and Electrical Conductivity for water on and around the project area
TDS (ppm)

Electrical Conductivity

Tank Water

311

0.375

Azul Well

3986

6.280

K Well

4358

6.750

East Slator

3998

6.310

Table 12: Crops’ Water Salinity

Our best case scenario would be that the water from the well we will drill comes out
under 500ppm in TDS and is potable for irrigation and agricultural purposes. If this is the case,
we will not need to implement an RO system which will save $81,000 in capital costs and allow
us to use a smaller generator.

Water Designs
In order to produce a substantial yield on any irrigated crop, our water calculations
suggested the use of a well. Although we do have access to the 3 acre stock tank, the amount of
water needed for the acreage would surpass the holding capacity of the stock tank; especially
when surface evaporation is taken into consideration.
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When considering daily temperature values, wind speeds, and vapor pressures for our
project area, there is a large amount of water lost to surface evaporation. We have calculated that
the expanded pond will lose an average of around 6 million gallons per year to evaporation
alone. Hence, drilling a water well is essential to this design. In order to reduce the RO system
or water usage, it was clear that some type of surface evaporation reduction method needed to be
implemented. We researched several options including surface monolayers (chemical liquids
applied on the water surface), pigments (dyes that change the color of the water), and man-made
pond covers. We found that these options were not cost efficient and, besides the man-made pond
covers, were only temporary fixes. After that, we sought an out-of-the-box solution: lily pads.
Studies performed with lily pads have shown that they yield up to a 16% reduction in pond
evaporation when grown on the water surface (Cooley & Idso, 1980). These aquatic plants are
not only environmentally friendly, but they are cost effective, low maintenance once established,
and provide a long term solution to the evaporation problem. We calculated the surface water
evaporation using Meyer’s formula, listed below in Equation 7, which is commonly used to
estimate evaporation from lakes and small water bodies. Our irrigation scheduler showing how
we calculated tank volume can be seen in Appendix E.

Equation 7: Meyer’s Formula for tank evaporation calculation (Mishra, 2019)

An extensive spreadsheet was produced to find the minimum discharge needed from the
well to meet the need of having accessible water to discharge out to the center pivot while not
depleting the tank at any given moment. Utilizing these spreadsheets we were able to find the
minimum tank volume that would be needed along with the proposed water well’s flowrate to
meet the overall system’s needs. Once this number was found, we performed some research on
various well logs within the area; but soon found that the majority of the wells did not have the
information we were searching for (flowrates, drawdown, etc.). We then contacted various well
companies to see if they could pull any data or provide us with information about nearby wells
with their software and databases.
Moy’s Water Well Services was a great contact and even provided us a quote for a 5,800
ft Carrizo water well to meet our desired needs. However, it should be noted that with the many
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uncertainties of wells within this area; there are key parts to a well design that can be
prematurely made, which could result in serious surprise and astonishment when the well is
actually drilled. To better explain, the following two questions were brought about and discussed
within our many interactions with the well company managers:
-

What will be the water quality of water at this level in the Carrizo Aquifer?
If we were to drill higher, what is the minimum depth to meet our desired maximum yield
of 432,000 gal/day?

These questions are extremely important when completing a well design, and the experts
advised us that they ‘simply do not know’. With this, we discussed our options for getting this
volume of water out, and a proper methodology to get an accurate quote. We decided that the
best option for this project would be to provide a ‘worst-case-scenario’ option. Therefore, we
are proposing to indeed drill down 5,800 ft into the Carrizo aquifer using a 7” well casing paired
with a 40 HP centrifugal pump. The implementation of this well is indeed the highest capital
cost of the entire project; however we think it is necessary to get the volume we will be needing.
Two scenarios were analyzed for the final water design of the project, as it is uncertain exactly
how brackish or clean the Carrizo water is at this level in the aquifer. If the water is brackish,
then an RO system should be implemented; however if the water meets the water quality
standards, then an RO system should not be implemented. To ultimately solve this issue, we
recommend the drilling company drill a ‘test’ hole to see exactly how far down they must drill as
well as running a water quality test after the well is dug to determine if the RO system is needed.
We also questioned if we needed to actually go down the 5,800 ft to get the volume of water that
was needed. It would definitely be ideal if we could pull water from 800 ft to feed the design;
however it is simply uncertain exactly what depth we should go. Prior to the implementation of
this project, we do propose to hire experts from the professional hydrologist company Wet Rock
Engineers out of Austin, TX to run a full groundwater analysis on the estimated depth of water
that is available. Their contact information is listed below in Appendix A.

Designs of Water Lines
Water lines were chosen based on the rated capacity of each system. A 432,000 gal/d
Carrizo water well, a 25 hp centrifugal tank pump, and a 965 ft center pivot are all essential
components within our design. However, as stated before, a 92,000 gal/d RO system is a
potential component within the design depending on if the water coming out of the Carrizo
aquifer at 5,800 ft is brackish or clean. To meet the peak water consumption throughout the
irrigation schedule, we found that it was necessary to enlarge the tank surface area by
approximately 0.6 acres; increasing the tank size to 3.6 acres. If the stock tank were to remain at
the 3-ac (pre-existing) size; there would be a negative tank volume in July of year 4. However, if
the tank size increases to 3.6 ac, we calculated that there would always be water even at peak
consumptive use of withdrawal (July of year 4). A graphical representation of the daily stock
tank volumes can be seen below in Appendix H. The depth of the tank will change depending on
the two options described below. Pictured below in Figure 22 is the design of the floating
centrifugal tank pump.
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Figure 22: Floating Centrifugal Tank Pump
Water Design Option 1: With RO System
Within the first design, we are assuming that the water is coming out of the well at a
brackish concentration. If this is the case, an RO system will need to be implemented to drop the
total dissolved solids (TDS) levels within the water down to the usable levels to irrigate onto the
crops. Figure 23 below illustrates the design on the property. Line 1 is the water line connecting
the water well to the RO system. This line would be approximately 23 ft of 4” PVC pipe (Sch.
80). Line 2 represents the waste (brine) water line connecting the RO system to the brine tank
(100 ft x 100 ft x 6ft) [length x width x depth]. This line will consist of 860 ft of 1-¼” PVC pipe
(Sch. 40). Line 3 is the crop’s potable water line, connecting the RO system to the storage tank.
This line will be 140 ft of 2” PVC pipe (Sch. 40). Line 4 within this option will be the main
irrigation line, consisting of 636’ of 8” PIP pipe connecting the floating centrifugal pump to the
center pivot. See Appendix D for design drawings for Water Design Option 1: With RO System.
(Note: in the figures below, the aerial view of the property was taken when the stock tank was at
an approximate 1 acre holding capacity; signifying why the 0.6 acres appears unproportional.)
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Figure 23: Layout of Water Design Option 1
Table 13 below indicates the material of pipe we recommend along with a few of the
water line’s corresponding calculated specifications. If this water design were to be
implemented, the stock tank would need to be excavated to a 30 ft. depth.
Table 13: Water Line Specifications Table (Water Design Option 1)
Line
#

Description

Pipe
Material

Length
(ft.)

Velocity
(ft/s)

Flow
(cfs)

Flow
(gpm)

TDH
(ft.-head)

Head
Loss
(psi)

Pump

1

Well - RO
System

4" PVC
(sch. 80)

23

7.6

0.6684

300

4.9

2.1

40 HP
Submersible
Well Pump

2

RO System Brine Tank

1-1/4" PVC
(sch. 40)

860

4.2

0.04

19.42
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21.2

3

RO System Stock Tank

2" PVC
(sch. 40)

140

5

0.12

52.5

7

3.1

Stock Tank Center Pivot

8" PIP Pipe

640

1.9

1.74

780

84.6

36.7

4

25 HP at
outlet of RO
System
25 HP
centrifugal
tank pump
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Water Design Option 2: Without RO System
Within the second design, we are assuming that the water is coming out of the well at
non-brackish levels. If this is the case, an RO system would not need to be implemented into the
design. Figure 24 below illustrates the design on the property. Taking the RO system out of the
design results in only two water lines. Line 1 represents the crop’s potable water line, connecting
the water well to the stock tank. This would be approximately 180 ft of 4” PVC pipe (Sch. 80).
Line 2 remains the same within this design, representing the main irrigation line consisting of
640’ of 8” PIP pipe connecting the floating centrifugal pump to the center pivot. See Appendix
D for design drawings for Water Design Option 1: With RO System.

Figure 24: Layout of Water Design Option 2
Table 14 below indicates the material of pipe we recommend along with a few of the
water line’s corresponding calculated specifications. If this water design were to be
implemented, the stock tank would need to be excavated to a 6 ft. depth.
Table 14: Water Line Specifications Table (Water Design Option 2)
Line
Description
#

Pipe
Material

Well - Stock
Tank

4" PVC
(sch. 80)

1
2

Stock Tank Center Pivot 8" PIP Pipe

Length Velocity Flow
(ft.)
(ft/s)
(cfs)

Flow
(gpm)

TDH
Head Loss
(ft.-head)
(psi)

180

7.6

0.6684

300

9

3.9

640

5.2

2.16

807

85.1

36.9

Pump
40 HP Submersible
Well Pump
25 HP centrifugal
tank pump
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Another component that will remain the same within both designs is the 964 ft center
pivot. We originally were planning to have two pivot stations and move a single center up to
each station at various times of the year. However, after discussing our field geometry with ATS
Irrigation Inc, out of Brenham, TX, they advised that the best design would be a single center
pivot rotating about the center-most point of the field. This option was found the most beneficial
to our design as it would maximize the largest area within the field, while having minimal labor
costs compared to if we were to propose two pivot stations. Pictured below in Figure 25 is a
scaled Autocad drawing of the design incorporating the center pivot onto the field. As one can
see, the yellow line represents the proposed 9,040 ft long high fence around the viable crop land
area (the high fence will not go around the watershed). This will serve as a barrier protecting the
cash crops from animals such as deer and hogs. The white dot in the center of the drawing
represents the irrigation center pivot pad (12.5 ft x 12.5 ft) where the riser will connect to the 8”
PIP pipe coming in from the stock tank. As seen before, the approximated 3 ac area reserved for
the Carrizo water well, the RO system (if found necessary), and the generator is denoted on the
drawing as well as the 13 acre watershed. The green curves denote each of the center pivot
spans. The are six main spans along with an overhang with lengths ranging from 180.17 ft to
964.83 ft off the center pivot point. Table 15, below the figure, was created by ATS Irrigation
Incorporated and lists the regular and cumulative lengths of each span.

Figure 25: Center Pivot Design on Field
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Table 15: Center Pivot Span Lengths (ATS Irrigation, 2020)
Span #

Diameter (in) Length (ft)

Cumulative Length
(ft)

1

6-58"

180.17

180.17

2

6-5/8"

178.92

359.08

3

6-5/8"

178.92

538

4

6-5/8"

178.92

716.92

5

6-5/8"

69

895.83

Overhang

5-9/16"

0

964.83

End Gun

-

0

964.83

Energy
As seen in the preceding section, our design solution involves two different options. For the first
solution we design the system containing the RO system, on the other hand, for the second design we took
out the RO system since it would facilitate the input of water from the well to the pond and it would also
require a much smaller water holding capacity pond. The specifications for each of the components can be
seen in Table 16 below.

Table 16: Electric motors required to run the design
Machine

Phase

Volts

Amp

HP

Well pump

3

460

-

40 HP Submersible Well Pump

RO system

3

460

31

33 HP at outlet of RO System

Center Pivot

3

460

6.2

7 HP centrifugal tank pump

Centrifugal

3

460

-

25 HP centrifugal tank pump

This project does not come with an accessible connection point to the power grid.
Therefore, to power the system we needed to size for an electric generator. Electric motors
require more energy to be started than when they are continuously running, therefore when sizing
this factor needs to be taken into account. After saying this and accounting for motor decrease in
efficiency with use, we calculated the total horsepower required by the generator by adding all of
our power requirements and then adding an additional 20 percent of that total value. Our total
horse-power calculations are explained below in Equation 8 and Equation 9:
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𝑇𝑜𝑡𝑎𝑙 𝐻𝑃 = 𝐻𝑃𝑐𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑎𝑙 + 𝐻𝑃𝑅𝑂 + 𝐻𝑃𝐶𝑃 + 𝐻𝑃𝑤𝑒𝑙𝑙
Equation 8: Total Horsepower
𝐻𝑃 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 = 𝐻𝑃𝑇𝑜𝑡𝑎𝑙 + 𝐻𝑃20 𝑝𝑒𝑟𝑐𝑒𝑛𝑡.
Equation 9: Horsepower Generated
Design 1 with RO system calculations:
𝑇𝑜𝑡𝑎𝑙 𝐻𝑃 = 25 + 33 + 7 + 40 = 105 ℎ𝑝
𝐻𝑃 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 = 105 + (105 * 0. 2) = 126 ℎ𝑝
Design 2 without RO system calculations:
𝑇𝑜𝑡𝑎𝑙 𝐻𝑃 = 25 + 7 + 40 = 72 ℎ𝑝
𝑇𝑜𝑡𝑎𝑙 𝐻𝑃 = 72 + (72 * 0. 2) = 86. 4 ℎ𝑝
Using the conversion factor, we can convert from horsepower to kW and then convert to
kVA. It is common for catalogs and generator specifications to have these three units to describe
the size of the generator. It is important that power factor is usually assumed to be 0.8. The
design’s kVA equations and calculations are listed below using Equation 10 and Equation 11.
1 𝐻𝑃 = 0. 7457 𝑘𝑊
Equation 10: HP to kW Conversion
kVA = kW / power factor
Equation 11: kVA Formula

Design 1 with RO system calculations:
𝑘𝑊 = 126 𝐻𝑃 * 0. 7457 = 93. 95 𝑘𝑊
𝑘𝑉𝐴 = 93. 95 / 0. 8 = 117. 448 𝑘𝑉𝐴
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Design 2 without RO system calculations:
𝑘𝑊 = 86. 4 𝐻𝑃 * 0. 7457 = 64. 42 𝑘𝑊
𝑘𝑉𝐴 = 64. 42 / 0. 8 = 80. 5356 𝑘𝑉𝐴

Energy Analysis
In order to perform an energy analysis for lifetime cost comparison, we first determined
our energy requirements using the equations in the section above. We then determined the typical
hours of use for each system to allow us to calculate the kWh for each potential running load.
These values are depicted in Table 17 and Table 18 below. The maintenance costs for the diesel
generators are based on generally accepted maintenance frequencies and general costs for each
maintenance item. These values can be seen below in Table 19. Based on our irrigation
schedule, we determined how many total hours each generator would need to run for each design
which would determine the overall maintenance and diesel costs for each project year. The fuel
efficiency for each diesel generator was calculated based on the fuel tank capacity, the generator
size in kW, and the number of hours that the fuel tank is meant to last at full energy usage.
A 250kW solar system would be required to power our systems and it’s initial cost is
$240,000 from SunWatts. As previously stated, solar power is not guaranteed power. We would
also need to purchase an additional battery that can store at least 300kWh for use overnight
which would cost around $150,000 on the low end. The main reason we do not recommend using
solar is because of its unreliability. If it's just slightly cloudy during the day, there may not be
enough power to complete an irrigation and that could potentially jeopardize the crop. Figure 26
shows the cost comparison between the solar system and the 80kW diesel generator. As shown,
diesel remains to be the cheaper option by the end of the 5 year period without an RO system.
The overall cost includes the yearly solar panel cleaning costs, diesel maintenance costs, diesel
fuel costs, and the initial purchase price for both systems.
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Figure 26: Solar vs. Diesel Energy Comparison
Table 17: Average Time Period of Continuous Use for Each System
System

Average Time Period of Continuous Use (hours)

Reverse Osmosis System

24

Center Pivot

22

Water Well Pump

24

Centrifugal Pump

22

Table 18: Necessary kWh to Run Given Systems Simultaneously
Systems Running Simultaneously

Maximum kWh Needed per Day

Design 1 Only (with RO system)
Centrifugal Pump
Reverse Osmosis System
Well Pump
Center Pivot

1868

-

Design 1 & 2
Only well pump

864

-

Design 1 & 2
Center Pivot
Centrifugal Pump

308

-

Centrifugal Pump
Well Pump
Center Pivot

Design 2 Only (without RO system)

1172
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Table 19: Diesel Maintenance Costs
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ECONOMIC ANALYSIS
Economical analysis is an imperative and crucial topic to be considered when farming.
Making a profit from year-to-year is what all farmers strive for, but is not always achievable. To
better explain, natural disasters such as drought, floods, tornadoes, and heavy rains can
potentially rush through and have a devastating effect on crop(s) during growth. Not only this,
but there is also the concern of wildlife exposure such as deer, hogs, and other pests. These are
all items to consider when designing a cropping plan and should definitely be taken into account
when considering the economic analysis of the plan. There are also the more obvious expenses
such as seed, fertilizer, as well as planting and harvesting charges when evaluating a farm.
Listed below, is an economical analysis for our proposed design.

Capital Costs
The capital costs of a new farm can oftentimes be quite high; especially given the circumstances
of this project with no access to the power grid and no running water on the property. We have broken the
capital costs into the two sections of crop, and irrigation and energy. For the crop, we have considered the
seed pricings; while for the irrigation and energy section we are considering quite a few items such as the
center pivot, the Reverse Osmosis (RO) System, as well as drilling a Carrizo water well (just to name a
few).
The seed pricings can be seen below in Table 1. After consulting with multiple crop consultants,
co-ops, feed stores, and growers, the following table was developed. The 010 soybean is a relatively new
type that has been specifically bred to grow in South Texas that has been tested by Andy Scott (the 010
soybean breeder from South Texas). According to Garcia Grain, the seed cost for this type of soybean
runs roughly $40/bag with approximately 140,000 seeds/bag; meaning that the unit cost of planting the
010 soybean seed in this region would be roughly $36/ac (J. Rowlend, personal communication,
December 18, 2020). According to the South Texas Sesaco crop consultant, Brannon Lyssy, the seed
pricing for the S39 sesame is around $10/ac (B. Lyssy, personal communication, December 17, 2020).

Delmar Stanko from Wilbur-Ellis Agribusiness offered that the Fibermax FM 2398 cotton can be
used for both dry and irrigated use and averages $360/bag with a seeding rate of approximately
4.4 ac/bag (D. Stanko, personal communication, December 21, 2020). As one can see below the
unit cost for the Fibermax FM 2398 cottonseed is $82/ac. The 1015 onion pricings were taken
from Dixondale Farms where the price of onions is $100/lb, and for the Winter Garden Region of
South Texas; we will be planting at a seeding rate of 16 lb/ac leading to a unit cost of $160/ac
(Dixondale Farms, 2021). Table 20 below displays a yearly breakdown of the seed costs, with a
total of $239,542 at the end of year 5.
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Table 20: Crop Capital Costs - Seed Pricing
(taken from December 2020)
Year

Crop

Acreage (ac)

General
Specifications

Unit Cost ($
/ ac)

Total
Cost ($)

1

Soybean

56.5

010 Soybean

$36

$2,018

2

Onions

56.5

1015 Onion

$1,176

$66,444

2-3

Sesame

87.0

S39 Sesame

$82

$7,118

3

Sesame

87.0

S39 Sesame

$82

$7,118

4

Cotton (irr)

56.5

Fibermax FM
2398

$1,600

$90,400

5

Onion

56.5

1015 Onion

$1,176

$66,444

Total

$239,542

The irrigation and energy capital costs will be the largest prices in value. It takes a hearty
initial investment to bring a farm to life, especially given the constraints within South Texas as
stated above. Perhaps the three most expensive items in this section are the center pivot
irrigation system, the drilling and implementation of a Carrizo Water Well, and the Reverse
Osmosis (RO) system. ATS Irrigation Inc. out of Brenham, TX provided a detailed quote for the
9500 P Center Pivot which will be the most ideal center pivot to fit the needs of our design as
well as the geometry of the field. The total cost for this system is $81,800 which includes the
delivery, GPS mapping, and installation of the system on the field. The quote from ATS
Irrigation can be seen below in Appendix B. The 92,000 GPD reverse Osmosis system was
quoted at $81,964 from the Reverse Osmosis Superstore. The water well will be the largest
initial investment of the design coming in at $627,526 which includes both the drilling and
pumping initial fees. Many of the piping components are also included within the capital costs.
Table 20 below lists the capital costs for Water Design Option 1 (assuming a RO System will be
needed).
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Table 21: Irrigation & Energy Capital Costs - Water Design Option 1
Item

Quantity

Units

Company

Location

General Specifications

Unit Cost ($)

Total ($)

8" PIP Pipe

640

ft

Direct Pivot Parts

Saint Edward, NE

125 psi rated 8" PIP Irrigation Pipe

$4.20

$2,688

8" Gear Valve

1

unit

Direct Pivot Parts

Saint Edward, NE

8" Gear Valve with flange and gasket

$218

$218

8" - 3" PIP pipe
reducing Tee

1

unit

Plumber's Stock

N/A

Naco 2901-580235 8"x3" 100# PIP
Gasket x Slip x FIP Tee

$63.41

$63.41

2" PVC Male
Threaded Adaptor

1

unit

PVC Pipe
Supplies

N/A

2" Male Threaded Adapter (Sch. 80
PVC)

$7.39

$7.39

2" PVC 90 deg Elbow

2

unit

PVC Pipe
Supplies

N/A

2" 90 deg elbow (Sch. 80 PVC)

$2.69

$5.38

2" PVC Pipe (Sch. 80)

2

20 ft stick

PVC Pipe
Supplies

N/A

2" x 20' (Sch. 80) PVC bell ended pipe

$45.19

$90.38

4" x 2" Reducer
Bushing (Sch. 80)

1

unit

PVC Pipe
Supplies

N/A

4" X 2" Schedule 80 PVC Reducer
Bushing Spigot X Socket

$14.49

$14.49

unit

PVC Pipe
Supplies

N/A

4" PVC True Union Ball Valve, Gray,
EPDM, Socket/Threaded

$154.99

$154.99

unit

PVC Pipe
Supplies

N/A

4" Schedule 80 PVC Male Adaptor
MPT X Socket

$16.49

$32.98

20 ft stick

PVC Pipe
Supplies

4" PVC Union Ball
Valve
4" PVC Male
Threaded Adaptor
4" PVC Pipe (Sch. 80)

1
2
2

N/A

4" x 20' (Sch. 80) PVC bell ended pipe

$45.19

$90.38

unit

PVC Fittings
Online

N/A

2" Male Threaded Adapter (Sch. 40
PVC)

$0.78

$2.34

1

unit

PVC Fittings
Online

N/A

2" PVC True Union Ball Valve - Socket
& Threaded Ends

$33.27

$33.27

2" PVC 45 deg Elbow

1

unit

McCoy's Building
Supply

Laredo, TX

2" (Sc. 40) 45 elbow

$2.99

$2.99

2" PVC Pipe (Sch. 40)

7

20 ft stick

McCoy's Building
Supply

Laredo, TX

2" x 20' (Sch. 40) PVC bell ended pipe

$23.99

$167.93

1-1/4" PVC Male
Threaded Adaptor

1

unit

PVC Fittings
Online

N/A

1-1/4" Male Threaded Adaptor (Sch.
40 PVC)

$0.45

$0.45

1-1/4" PVC Union Ball
Valve

3

unit

PVC Fittings
Online

N/A

$22.81

$68.43

1-1/4" PVC 90 deg
Elbow

4

unit

McCoy's Building
Supply

Laredo, TX

1-1/4" 90 deg elbow (Sch. 40 PVC)

$1.89

$7.56

1-1/4" PVC Pipe (Sch.
40)
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20 ft stick

McCoy's Building
Supply

Laredo, TX

1-1/4" x 20' (Sch. 40) PVC bell ended
pipe

$14.29

$614.47

PVC Pipe Primer and
Glue

30

pack

McCoy's Building
Supply

Laredo, TX

PVC Cement/Primer Kit, 1/2 pint

$9.99

$299.70

Lindsay 9500 P CP

1

unit

ATS Irrigation

Brenham, TX

Includes delivery, GPS mapping, &
installation

$81,800

$81,800

Reverse Osmosis
System

1

unit

Reverse Osmosis
Superstore

N/A

AXEON X2 - Series Reverse Osmosis
System

$81,964

$81,964

Centrifugal Tank
Pump & Floating
Station

1

unit

Canfield Custom
Pumps

Fort Morgan, CO

CF1030AP-25 HP Pump, 800 GPM @
80 TDH, 8" discharge

$13,807

$13,807

Water Well - Drilling
Fees

1

unit

Moy's Water Well
Services

Pleasanton, TX

5800' down - 7" well casing

$606,463

$606,463

Water Well - Pumping
Fees

1

unit

Moy's Water Well
Services

Pleasanton, TX

40 HP Submersible Well Pump
(includes attachments & installation)

$21,063

$21,063

Large Diesel
Generator

1

unit

Buckeye Power
Systems

Cordova, TN

Cummins C80D6 Diesel Generator, 80
kW @ 277/480V, 3-phase

$33,495

$33,495

Total

$843,154

2" PVC Male
Threaded Adaptor

3

2" PVC Union Ball
Valve

1-1/4" PVC True Union Ball Valve
(SK-TUBV-T-012) - Threaded
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Table 22 below is quite similar to Table 21, however this includes the irrigation and
energy capital costs for the Water Design Option 2 (assuming the water will be discharged clean,
and a RO system will not be needed). As one can see this total is smaller than Water Design
Option 1 as there is a reduction in piping charges as well as the fact that we would not be
purchasing a RO System.
Table 22: Irrigation & Energy Capital Costs - Water Design Option 2
Item

Quantity

Units

Company

Location

General Specifications

Unit Cost
($)

Total ($)

8" PIP Pipe

640

ft

Direct Pivot Parts

Saint
Edward, NE

125 psi rated 8" PIP Irrigation
Pipe

$4.20

$2,688

8" Gear Valve

1

unit

Direct Pivot Parts

Saint
Edward, NE

8" Gear Valve with flange and
gasket

$218

$218

8" - 3" PIP pipe
reducing Tee

1

unit

Plumber's Stock

N/A

Naco 2901-580235 8"x3" 100#
PIP Gasket x Slip x FIP Tee

$63.41

$63.41

N/A

4" PVC True Union Ball Valve,
Gray, EPDM, Socket/Threaded

$154.99

$154.99

PVC Pipe
Supplies

N/A

4" Schedule 80 PVC Male
Adaptor MPT X Socket

$16.49

$32.98

20 ft
stick

PVC Pipe
Supplies

N/A

4" x 20' (Sch. 80) PVC bell
ended pipe

$45.19

$406.71

30

pack

McCoy's Building
Supply

Laredo, TX

PVC Cement/Primer Kit, 1/2
pint

$9.99

$299.70

Lindsay 9500 P
CP

1

unit

ATS Irrigation

Brenham,
TX

Includes delivery, GPS
mapping, & installation

$81,800

$81,800

Centrifugal Tank
Pump & Floating
Station

1

unit

Canfield Custom Fort Morgan, CF1030AP-25 HP Pump, 800
Pumps
CO
GPM @ 80 TDH, 8" discharge

$13,807

$13,807

Water Well Drilling Fees

1

unit

Moy's Water Well Pleasanton,
Services
TX

5800' down - 7" well casing

$606,463

$606,463

Water Well Pumping Fees

1

unit

Moy's Water Well Pleasanton,
Services
TX

40 HP Submersible Well Pump
(includes attachments &
installation)

$21,063

$21,063

Large Diesel
Generator

1

unit

Cummins C80D6 Diesel
Cordova, TN Generator, 80 kW @ 277/480V,
3-phase

$33,495

$28,395

Total

$755,392

4" PVC Union Ball
Valve

1

unit

PVC Pipe
Supplies

4" PVC Male
Threaded Adaptor

2

unit

4" PVC Pipe (Sch.
80)

9

PVC Pipe Primer
and Glue

Buckeye Power
Systems

Table 23 below displays the Land and Ranch Capital Costs within our Design Option 1
(assuming a RO System will be needed). It is important to note here that if the RO System is
required, we recommend increasing the tank size by approximately 0.6 acres and excavating the
tank out to a depth of 30 ft to hold the required water needed for the crops at peak usage during
the five year rotation.
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Table 23: Land Management Capital Costs - Water Design Option 1
Item

Quantity

Units

Company /
Vendor

Location

General Specifications

50# onion sacks

13720

sacks

Online Fabric
Store

N/A

50 lb onion Mesh Polypropylene
Bags ($/sack)

$0.31

$4,253

High Fence (ft)

9040

ft

2020 Custom
Average Rate

N/A

Deer-proof Fencing - 8' high w
steel posts (includes materials)
($/ft)

$3.79

$34,262

Dozer Charge

87

hr

2020 Average
Custom Rate

N/A

rate of clearing and root plowing =
1 ac / hr (clearing 87 ac)

$110

$9,570

Excavation
Charge (stock
tank construction)

100

hr

2020 Average
Custom Rate

N/A

excavation of tank (increasing area
by 0.6 acres) & excavating new
Brine Discharge Tank (30' depth)

$120

$12,000

14

12 bulk
seed
pack

N/A

Water Lilies (Lily Pad) seeds to
grow on tank surface for
evaporation reduction (assuming
each pack will produce ~15 ft.
diameter area)

$2.99

$42

Total

$60,127

Water Lilies (Lily
Pads)

Seed Area

Unit Cost
Total ($)
($)

Table 24 below displays the Land and Ranch Capital Costs within our Design Option 2
(assuming a RO System will not be needed). It is important to note here that if the RO System is
required, we recommend increasing the tank size by approximately 0.6 acres and excavating the
tank out to a depth of 6 ft to hold the required water needed for the crops at peak usage during
the five year rotation.
Table 24: Land Management Capital Costs - Water Design Option 2
Item

Quantity

Units

Company /
Vendor

Location

General Specifications

50# onion sacks

13720

sacks

Online Fabric
Store

N/A

50 lb onion Mesh
Polypropylene Bags ($/sack)

$0.31

$4,253

High Fence (ft)

9040

ft

2020 Custom
Average Rate

N/A

Deer-proof Fencing - 8' high w
steel posts (includes
materials))

$3.79

$34,262

Dozer Charge

87

hr

2020 Average
Custom Rate

N/A

rate of clearing and root
plowing = 1 ac / hr (clearing 87
ac)

$110

$9,570

Excavation
Charge (stock
tank construction)

20

hr

2020 Average
Custom Rate

N/A

excavation of tank (increasing
area by 0.6 acres) &
excavating new Brine
Discharge Tank 6' depth)

$120

$2,400

100

12 bulk
seed
pack

N/A

WaterL Lilies (Lily Pad) seeds
to grow on tank surface for
evaporation reduction
(assuming each pack will
produce ~15 ft. diameter area)

$2.99

$299

Total

$50,784

Water Lilies (Lily
Pads)

Seed Area

Unit Cost
Total ($)
($)

The sum of all capital costs for the 5 years for Water Design Option 1 is $969,725; while
the capital costs for the 5 years for Water Design Option 2 is $872,620.
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Operating Expenses
Based on the three soil reports for the project area, the average soil pH is around 7.7, the
nitrogen content is low, phosphorus is low to moderate, and potassium is high. We used this
information in order to estimate the fertilizer requirements for optimal growth retrieved from the
University of Georgia fertilizer recommendation crop sheets (n.d.). The average fertilizer costs
for nitrogen, phosphorus, and potassium were obtained in August of 2020 from an article done
by Russ Quinn (2020) for the DTN Progressive Farmer website and were used to generate the
fertilizer cost per season as shown in Table 25.

Table 25: Fertilizer Operational Costs
Potassium
(K)

Application
(applications /
season)

Total Cost ($)

15

11

2

2882

35

25

11

2

7967

87.0

14

13

5

2

5533

Sesame

87.0

14

13

5

2

5533

4

Cotton

56.5

24

17

14

2

6255

5

Onion

56.5

35

25

11

2

7967

Total

$36,135

Year

Crop

Area

Nitrogen (N) Phosphorous (P)

1

Soybean

56.5

0

2

Onions

56.5

2-3

Sesame

3

There are many maintenance costs associated with farming practices, especially given the
constraints of this project. We have received the quote for the individual replacement items
within the system, however, the frequency of part replacement and maintenance will be
dependent upon the well water quality and the water usage. Averages for these maintenance costs
were pulled and examined. Table 26 below displays the RO System Operational Costs.
.
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Table 26: RO System Operational Costs
Maintenance
Costs

Cost per
unit ($)

Labor
hours

Labor cost ($)

Labor cost
($)

Overall
Cost per
event

Events per 5 years

Total
Cost per
5 years

Cartridge Filter
Element

$18

1

8

64

26

60

$1,560

Pressure Gauges

$65

1

8

64

73

5

$365

Dosing Pumps

$585

3

24

192

609

5

$3,045

Antiscalant

$585

1

8

64

593

5

$2,965

Replenish Carbon

$300

1

8

64

308

5

$1,540

Flowmeters

$190

2

16

128

206

2

$412

Membrane
Elements

$1,250

3

24

192

1274

1

$1,274

Pressure Switches

$145

1

8

64

153

1

$153

Filter Multi Media

$250

1

8

64

258

1

$258

Greensand
Replenishment

$450

3

24

192

474

1

$474

5 -Year Total

$12,046

Table 27 below represents the diesel generator’s operational costs for water design 1. It
should be noted that the fuel cost was based on the current average diesel pricing (~$2.75/gal). It
should also be noted that this operational cost is susceptible to change depending on if the RO
system is necessary. Table 28 below includes the diesel generator’s operational costs for Water
Design Option 2.
Table 27: Generator Operational Costs - Water Design Option 1
(100 kW Generator)
Year

Fuel Cost

Maintenance Cost

Total Cost per year

0

$23,938

$974

$24,912

1

$81,854

$2,797

$84,651

2

$100,232

$3,824

$104,056

3

$59,459

$2,420

$61,879

4

$77,256

$2,525

$79,780

5

$15,089

$492

$15,581

5-year Total

$370,861
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Table 28: Generator Operational Costs - Water Design Option 2
(80 kW Generator)
Year

Fuel Cost

Maintenance Cost

Total Cost per
year

0

$29,923

$974

$30,897

1

$54,940

$1,718

$56,658

2

$50,349

$1,571

$51,921

3

$14,479

$471

$14,950

4

$55,100

$1,687

$56,786

5

$14,428

$555

$14,983

5 -Year Total

$226,196

The sum of all operational costs for the 5 years for Water Design Option 1 is $419,042,
while the capital costs for the 5 years for Water Design Option 2 is $262,331.

Variable Costs
The variable costs will be the planting and harvesting charges for field preparations,
planting, and harvesting charges. As one can see below in Table 29, the prices are listed by year
along with a total variable cost at the end of the 5 years. The initial brush clearing (with root
plowing included) was calculated to have a total charge of $75/ac. This rate is based off of the
2018 Texas Agriculture Custom Rates, assuming it will take approximately 0.5 hrs to clear and
root plow an acre (Klose, 2019). All rates are taken from a local farming contracting company,
Zimmerman Farms, which is located in Bishop, TX. Assuming a 1 time field preparation
(plowing/sweeping) will be adequate between each crop, the total variable cost is expected to be
approximately $40,763 over the 5 years. It should be noted that these rates include
transportation and diesel expenses. Contact information for this contractor is listed below in
Appendix A.
Table 29: Field Preparation, Planting, & Harvesting Variable Costs
Year

Crop

Acreage (ac)

Field Prep
($/ac)

Planting Charge
($/ac)

Harvesting Charge ($/ac)

Total
Cost ($)

1

Soybean

56.5

12

13

25

$2,825

2

Onions

56.5

12

$8/hr - 10 people
- 8 days

$8/hr - 10 people - 8 days

2-3

Sesame

87.0

12

13

25

$4,350

3

Sesame

87.0

12

13

25

$4,350

4

Cotton (irr)

56.5

12

13

130.00

$8,758

4-5

Onion

56.5

12

$8/hr - 10 people
- 8 days

$8/hr - 10 people - 8 days
5 -Year Total

$10,240

$10,240
$40,763
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Potential Revenue
Table 5 shows the final potential revenue for a 5 year rotation for our project. As seen below, we
expect a total revenue after the five years to be approximately $223,554. The post harvest selling price
was computed using the Equation 12 below.
𝑃𝑟𝑖𝑐𝑒 𝑎𝑓𝑡𝑒𝑟 ℎ𝑎𝑟𝑣𝑒𝑠𝑡 ($/𝑎𝑐) = 𝑌𝑖𝑒𝑙𝑑 (𝑏𝑢/𝑎𝑐𝑟𝑒) * 𝑚𝑎𝑟𝑘𝑒𝑡 𝑝𝑟𝑖𝑐𝑒 ($/𝑏𝑢)
Equation 12: Post Harvest Pricing Equation
The number of bushels per acre for each of our crops were estimated using past research papers
and production summaries from different sources, including USDA. In the case of soybean for Texas, on
average, 30 bu/acre were obtained between 2017,2018, and 2019 (USDA 2020). For irrigated cotton we
estimated a 1000 pounds/acre (USDA, 2020). From the Texas AgriLife extension called “Onions crop
guide” we obtained an average yield for onion of 750 - 50 pounds sacks per acre (AgriLife, 2020). That
would suggest an average yield of 701 bu /acre. Finally, for sesame it is estimated a yield per acre of 1000
to 1500 pounds (MRC, 2021).
Regarding the market values of our crops given in $/bu, we found the following. For soybean, the
average market value between 2017, 2018, and 2019 was 8.75 $/bu, (USDA, 2020). For cotton we found
an average value of 1.009 per bushel (USDA, 2020). For sesame is estimated 0.21 dollars per pound,
which, in bushels would be 8.82 $/bu, sesame source. The value of onion per acre was estimated using
two different sources since it tends to vary constantly. With the use of USDA and a crop benefit report
extracted from agrilife extension from a farmer in Rio Grande Valley, we expect onion to have a value of
7.59 $/bu (USDA, 2020). All values were then inserted into Table 30 to generate a total revenue for our 5
year rotation of $413,649.

Table 30: Potential Revenue
Year

Crop

Yield ($) / acre

Acreage

Revenue ($)

1

Soybean

263

56.5

$14,831

2

Onions

2657

56.5

$150,092

2-3

Sesame

210

87.0

$18,270

Sesame

210

87.0

$18,270

Cotton (irr)

1099

56.5

$62,094

Onion

2657

56.5

$150,092

5 -Year Total

$413,649

3
4-5

Comparison: RO System vs. No RO System
As stated previously, the water quality that will be discharged from the Carrizo Aquifer is
undetermined within this area and at this depth. Therefore, we ran the economical analysis on
both water design routes (including the RO system and not excluding the RO system). Table 31
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below represents the total 5 year economical analysis for each of the Design Option scenarios:
Design Option 1 (With RO System) & Design Option 2 (Without RO System).
Table 31: Total Economics for 5 years
Design Option 1

Design Option 2

Initial Investment/Capital Costs

$969,725

$872,620

Operating Expenses

$419,042

$262,331

Variable Costs

$40,763

$40,763

Revenue

$413,649

$413,649

Balance after 5 years

-$1,082,325

-$828,508

Figure 27 and Figure 28 below represents a year-ending balance for 15 years for each of the
designs. As one can see, we will break even approximately 2 year earlier if the water comes out
clean (non-brackish) from the Carrizo Aquifer and an RO system will not need to be
implemented. It will take approximately 12 years for Water Scenario 1 (including RO System)
to break even, and approximately 10 years for Water Scenario 2 (without RO System) to break
even. Figure 29 below is a line graph to further describe this relationship.

Figure 27: 15 year Analysis - With RO System
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Figure 28: 15 year Analysis - Without RO System

Figure 29: 15 year Analysis - Comparison
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REPORT SUMMARY
This project was approached using the linear method with the components of crop
determination, irrigation design, and energy analysis. We began by both researching and
obtaining information about the location of the project. The area’s soil type, average monthly
and annual rainfall, and soil pH are simply a few of the initial components that were needed to
begin the foundation of the design. Using this information, we created a crop-benefit-analysis
where we examined various crops that could grow within these parameters. With an initial pool
of 10 crops, we began narrowing the list down by determining each crop’s corresponding water
requirement, growth within sandy-loam soil, soil pH, and the 2019 average yielding price. We
narrowed the pool down to the four crops of soybean, sesame, cotton, and onion. After
performing further extensive research and contacting farmers in the South Texas region; we
developed various cropping rotations of these four crops that could potentially be used for the
design. After completing a crop economical analysis on each design; it was quite obvious that
our third scenario; ‘Scenario 3’ would be the proposed design as it yielded the largest profit. A
5-year rotation was developed for this scenario to both maximize profits and maintain the soil
health of the area. Using this scenario, we proceeded with the second major component of the
project which was computing the water requirements of the entire rotation.
Irrigation management practices are important to achieve a desired goal in agronomy.
The ‘goal’ is not solely defined as meeting the water crop consumption demand or crop water
evapotranspiration, but it can also be directed towards other ends such as leaching. Leaching is a
method used in places where salt particles are found in great quantities in the water supplied to
the field. Excess of salts in the soil potentially increases the pressure required by the plant to
transpire water, therefore, more water is applied to the soil to “leach” salt particles away from the
active root zone of the crop. In the case of this project, we designed an irrigation system with the
goal of meeting crop water demand. The “checkbook method” is the name of the irrigation
method used to identify how much and when water needs to be irrigated for each of our crops.
The checkbook method uses the characteristic of the soil to calculate how much water
needs to be irrigated per day of irrigation, In the case of our field, Sandy loam soil has a holding
capacity of 0.12 in/in. Understanding the holding water capacity of the soil is of great importance
since it can be used to prevent runoff, which in dry places like the field of this project, should be
taken seriously. The name of this method reveals the way it approaches the problem, and that is,
like depositing and withdrawing money from a bank account. Water added to the soil by rain and
irrigation would be equivalent to depositing money into your bank account. On the other hand,
crop evapotranspiration would be equivalent to the withdrawal of money from the account. The
amount of money that can be deposited to that account is comparable to the water holding
capacity, explained at the beginning of this paragraph. Consequently, using daily rain,
evapotranspiration, and soil characteristics, it was possible to generate a day-by-day schedule for
the 5 year rotation using a center pivot irrigation system.
A center pivot irrigation system was selected to provide water to the field because of its
efficiency of irrigation, initial capital cost, skill requirements to operate the system, low energy
requirements to operate continuously for 22 hours, and low input water requirements. Drip or
tape irrigation and furrow irrigation were the other two systems considered to supply the required
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water to the crops. Yet, after considering efficiency, initial cost, required skills, energy
requirements, and input flow of water, it was decided to implement the center pivot irrigation
system as our system.
Scenario 3 points out that onion, cotton and soybean have to be irrigated on a 56 acres
patch. The advice of irrigation experts and research helped us determine that the proper time of
operation for the center pivot would be 22 hours. Longer times of operation reduce the system’s
wear but a two-hour space can be used to fix any type of failure. Water depth applied per
irrigation was also determined to generate a more accurate schedule. For the crops selected it was
determined that a depth of 0.47 in, 0.7 in, and 0.7 in is required per irrigation for onion, cotton,
and soybean respectively. Using the time of operation and the amount of acres to be irrigated, the
system capacity should be able to supply water at a rate between 200 and 800 gallons per minute.
This would mean that for the entire season of onion 17 million gallons of water are required, in
the case of cotton 43 million gallons would be needed, and finally for soybean 32 million gallons
are expected to be used. From the information given by the client, it was assumed a maximum
capacity of 6 million gallons of water in the pond. Comparing water crop requirements and
maximum capacity of the water pond, it was determined that a water well.
In 2017, a water quality study was conducted on some of the wells near the project area
by the Texas A&M AgriLife extension. Those studies were provided to us by the client and upon
reviewing them, the high content of dissolved solids in the wells will require the use of a
filtration system. After some research, a reverse osmosis (RO) system was determined to be the
best water filtration option. For our selected crop schedule, we would require a RO system that
can discharge 92,000 gallons of clean water per day. Because the water reports indicated a TDS
level of 4500 ppm, we conservatively assumed that the RO system would have an efficiency of
75%, meaning that we would need 184,000 GPD from the well and 92,000 GPD of that would be
discarded as concentrated brine water. Still, including an RO system to our design requires
holding 35 million gallons in any type of storage system outside of the well ready to be pumped
directly to the center pivot.
However, the 5,800 ft well would supply water to the crop from the Carrizo Aquifer. And
the client believes that water extracted from this aquifer has a good enough water quality to
pump directly into the pond without the requirement of a filtration system. A study of the
Aquifer’s water quality gave a cost of $2,000, therefore, we did not have the time or money to
perform such a test. Nevertheless, if the client is considering supplying water to the crops from
this source, we suggest performing a water quality test early on in the building process. In the
case the client decides not to use the RO system, an input of 300 gallons per minute (GPM)
could go directly from the well to the pond since there would not be a 50 % loss and more water
could be pumped from the source. This would total a net amount of 430,000 GPD added to the
pond. Using this approach, the original pond would need to hold 7 million gallons of water in
order to provide enough water even on the peak water consumption weeks of each crop. The size
of the pond does not only accounts for the water supplied to irrigation but also water lost from
evapotranspiration. A big factor in sizing a well and RO system is the evaporation rate.
Expanding the tank to around 3.6 acres, we are losing around 30,000 gallons to evaporation
every day. In order to offset this, we researched different evaporation reduction methods and
decided to implement lily pads to cover the water surface, resulting in a 16% reduction in
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evaporation. Not only are these much less expensive than a man-made pond cover, but they are
also a much more environmentally friendly option.
The two energy sources we considered for this project were diesel and solar. In order to
determine which one would be the least expensive by the end of 5 years, we sized and selected a
solar and diesel system and compared the costs over 5 years. We calculated that the maximum
power we would need at one time to run the well pump, centrifugal pump, center pivot, and
reverse osmosis system is approximately 100 kW and without the RO is 80kW. For the diesel
generator maintenance costs, we accounted for engine coolant, oil, oil filters, and air filters. The
maintenance costs alone for the diesel system amounted to between $500 and $1700 yearly and
fuel cost would be around $50,000 yearly, varying based on which crops were planted. While the
diesel generator initial cost is only around 10% of the solar system, the fuel and maintenance
costs quickly allowed the solar system to become the less expensive option. The only real
maintenance cost for solar systems is the solar system cleaning which should be done at least
once per year by a professional and is relatively inexpensive when compared to diesel. Although
solar becomes the cheapest option over time, it comes with greater risk. All of our calculations
have been based on the assumption that we can power our systems almost 24/7, but with solar,
that power simply isn't guaranteed. To use a solar system around the clock would require an
astronomically expensive battery; on the low end, it would cost $400/kWh and we would require
a minimum of around 300kWh of storage to be able to power our systems overnight. As a result,
we recommend using the diesel generator which will be reliable as long as it is provided with
fuel and regular maintenance.
This overall design does not meet the main objective of yielding a profit after 5 years.
This holds true for both scenarios: including and excluding an RO system. Implementing an RO
system within the design would lead to approximately 12 years before the project were to
break-even, while excluding the RO system results in a break-even of approximately 10 years.
Hence, we do not recommend this design to be implemented on the STAR Ranch. The high
initial investment is the main reason for this design not to meet this objective. The unbalanced
ratio of operating expenses to revenue also leads to a rather prolonged return on the initial
investment. The long term issue with the overall project is the overall risk of many components
and parameters within the design. These risks can be explained using the bold assumptions that
were made throughout the process. The monthly rainfall and evapotranspiration rates could vary,
having drastic effects on the yield of each crop; the water well could produce more brackish
water than expected; and the drillers may have to drill deeper to get the required water volume
are all risks within this project. In many cases, we have provided the ‘worst-case-scenario’
options for the basis of our assumptions. In order for this project to have any chance of being
feasible; we believe the proposed crops should not require water (dry-cropping). The initial
investments of the water well along with the RO system are the two largest single-unit capital
costs and also have heavy operational expenses which deplete much of the revenue received each
year.
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APPENDIX A: Contacts
Seed Sales
Seed Company

Location

Contact (salesman)

Crops

Crop Type

Garcia Grain

Donna, TX

John Rowlend:
(956)-821-2319

Soybean

010 Soybean

Sesaco

South TX Region

Brannon Lyssy:
(210)-557-5321

Sesame

S39 Sesame

Wilbur-Ellis
Agribusiness

Rio Hondo, TX

Delmar Stanko:
(956)-748-2382

Cotton

Dixondale Farms

Carrizo Springs, TX

Bruce Frasier:
(830)-876-2430

Onion

Fibermax
FM 2398
Cotton
(dry & irrigated)
1015 Onion

Contractor
Contractor

Location

Contact

Crop

Field Prep

Planting
Charge

Harvesting
Charge

Zimmerman
Farms

Bishop, TX

Bryan Zimmerman:
(361)-765-0321

Soybean

$12 / ac

$13 / ac

$25 / ac

Zimmerman
Farms

Bishop, TX

Bryan Zimmerman:
(361)-765-0321

Sesame

$12 / ac

$13 / ac

$25 / ac

Zimmerman
Farms

Bishop, TX

Bryan Zimmerman:
(361)-765-0321

Cotton

$12 / ac

$13 / ac

$0.13 / lint-lb

STAR / local
Employees

Aguilares,
TX

N/A

Onion

Expected Total = $10,240

Hydrology Firm
Company

Location

Wet Rock Groundwater
Services, LLC
Groundwater Specialists

Bishop, TX

Contact

(512)-773-326

Website

Wet Rock
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APPENDIX B: Quotes
RO System Quote:
Reverse Osmosis Superstore
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Center Pivot Quote:
ATS Irrigation
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APPENDIX C: Crop Benefit Analysis
Crop Benefit Analysis (Soil and Water)
Crop

pH of 7.5?

Potential
growth in sandy-loam soil?

Optimum required water

Carrots (spring,
winter, & fall)

6-6.8

Yes

soil moisture = 3 in

Barley (Winter)

6.0-8.5

Yes

2.5 in

Alfalfa

6.0 - 6.8 (add
lime)

Yes

50-70 ac-in water per ac.

Spinach

6.5-7.0

"well drained soil"

1-1.5" / week (use bases)

Guar

7.0-8.0

Yes

20-30 in annual rainfall

Soybeans

6.0-7.0

Yes

~1.4 in / week

Sesame

neutral

"Well drained"

16-18 in annual rainfall

Onions (spring)

6-8.4

Yes

soil moisture = 25-30 in/season

Onions (summer)

6-8.4

Yes

soil moisture = 25-30 in/season

Cotton

5.5-7.5

Yes

1-2 in per week depending on stage of
development

watermelons
(spring)

6.0-6.5

Yes

1-2" / week (via drip)

Watermelons
(summer)

6.0-6.5

Yes

1-2" / week (via drip)
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Crop Benefit Analysis (Planting dates, Harvesting dates, & 2019 Crop Pricing)
Crop

Planting Dates

Harvesting Dates

2019 Crop Prices

Carrots (winter)

Sep 1 - Oct 31

Dec 1 - Apr 30

17.3 / cwt

Carrots (spring)

Nov 1 - Nov 30

Mar 1 - Jun 30

17.3 / cwt

Carrots (fall)

Jul 1 - Jul 31

Oct 1 - Dec 31

17.3 / cwt

Barley (Winter)

Oct 1-Oct 15

Spring (followed by
soybean) Double-crop

4.60 / bushel

Alfalfa

July - August (September
in warmer climates)

Apr 15 - Sep 20

183 / ton

Spinach

Oct 1 - Dec 31

Nov 1 - Mar 31

54.8 / cwt

Guar

Apr 15 - May 31

Aug 12 - Sep 27

0.185 / cwt

Soybeans

March - June

May - November

8.75 / busel

Sesame

April - May

September-October

6 / cwt

Onions (spring)

Sep 1 - Jan 15

Mar 1 - Jun 15

14.6 / cwt

Onions (summer)

Feb 1 - Apr 30

Jul 1 - Sep 30

14.6 / cwt

Cotton

Mar 10 - Jun 30

Aug 10 - Sep 28

0.589 / lb

watermelons (spring)

Jan 1 - Mar 31

Apr 1 - Jun 15

15.3 / cwt

Watermelons (summer)

Mar 1 - Apr 30

May 1 - Jul 31

15.3 / cwt
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Crop Benefit Analysis (Common Pests, Common Diseases, & Companion/Rotational Crops)
Crop

Common Pests

Common Diseases

Potential
Rotational/Companion crop

Carrots (winter, spring, fall)

carrot rust fly, aphids,
carrot weevil, root-knot
nematodes

leaf blight, cottony rot,
downy mildew

potatoes, legumes

Barley (Winter)

aphids, armyworms,
certain grasshoppers

Barley yellow dwarf virus
(BYDV)

cotton (hold soil and limit
wind erosion),

Alfalfa

alfalfa caterpillar, alfalfa
weevil, aphids, alfalfa
hopper, armyworm

alfalfa mosaic virus, leaf
spot, downy mildew, root
rot

small grains (benefit from
nitrogen after alfalfa is
plowed), corn or sorghum
(after alfalfa)

Spinach

aphids, armyworms,
cabbage looper, wireworm,
spinach crown mites

anthracnose, root rot,
downy mildew, fusarium
wilt, white rust

can follow most crops

Guar

minimal insect pressures

minimal disease (helps
'break disease cycles in
field')

cotton
(increase yields up to 15%),
onion, chile

Soybeans

Deer & Hogs

Bean leaf beetle, army
worms

Corn

Sesame

green pea aphid, thrips,
grasshoppers, cutworms,
white fly

bacterial leaf spot,
fusarium wilt (in South
Texas), Phytophthora
parasitica root rot,
Verticillium wilt

usually planted 2-3 weeks
after cotton

Onions (spring, summer)

bulb mites, leaf miner,
onion maggot, thrips

black mold, leaf blight,
downy mildew, plate rot,
rust, red root

long term rotations with
non-allium crops (prevent
diseases)

Cotton

aphids, armyworm. cotton
bollworm, cutworms

leaf spot, target spot

rotate crop every 3 years (to
prevent disease build up)

Watermelons (spring,
summer)

aphids, cabbage looper,
vine borers, cut worms,
flea beetles, thrips

leaf blight, leaf spot,
anthracnose,
downy/powdery mildew

rotate with non-cucurbit crop
at least every 2 years (for
disease
prevention/management)
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APPENDIX D: Water Design Drawings & Crop Spacing
Design Option 1: With RO System

89

Design Option 2: Without RO System
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Table D.1: Crop Row Spacing
Crop

Row
Spacing
(in)

Planting
Rate
(plants/ac)

Acreage
(ac)

Total
(plants)

Soybean

38

110,000

56.5

6,215,000

Sesame

40

104,200

87

9,065,400

Cotton

30

42,500

87

3,697,500

Onion

16

24,500

56.5

1,384,250
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APPENDIX E: Daily Stock Tank Volumes

92

APPENDIX F: Irrigation Schedule For Onion

93

94

95

APPENDIX G: Soil Test Reports
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APPENDIX H: Daily Stock Tank Volumes
3-ac. Stock Tank:
Minimum Tank Volume: -475,229 gal

Stock Tank = 3 acres

99

3.6-ac. Stock Tank:
Minimum Tank Volume: 524,771 gal

