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ABSTRACT

This project will provide Cal Poly with a new fully functioning Adcon Telemetry station
at the Nelson Reservoir. A new map will show all the existing Adcon Telemetry stations.
All the stations will be visited and evaluated. Additionally a guide for updating the
online graphs will be provided for future monitoring of the data. Overall the project will
show the importance of the advancing technology of the Adcon Telemetry stations and
their impact on Cal Poly's agriculture.
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DISCLAIMER STATEMENT

The university makes it clear that the information forwarded herewith is a project
resulting from a class assignment and has been graded and accepted only as a fulfillment
of a course requirement. Acceptance by the university does not imply technical accuracy
or reliability. Any of the information in this report is made by the user(s) at his/her own
risk, which may include catastrophic failure of the device or infringement of patent
copyright laws

Therefore, the recipient and/or user of the information contained in this report agrees to
indemnify, defend and save harmless the State its officers, agents and employees from
any and all claims and losses accruing or resulting to any person, firm, or corporation
who may be injured or damaged as a result of the use of this report.
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INTRODUCTION

Irrigation, the largest use of water in the world, uses about 85% of the available water in
developing countries (Plusquellec, 1994). Since water is a limited resource, it is
becoming increasingly important to monitor the usage of such large quantities of water.
Traditionally, water flow has been monitored manually by the use of flow measurement
devices and daily readings. The growing SCADA technology has transformed the
methods used to monitor water usage. SCADA, or supervisory control and data
acquisition can be used in a variety of applications. SCADA systems were first
introduced several decades ago, but have become more common over the past 10 years.
Water districts are investing in SCADA for real-time information which results in a
decrease in operation details performed by an individual, and puts the districts on the
right path to conserve water (Rijo, 2008). SCADA systems have become more
affordable and the hardware and software are increasing in efficiency and accuracy,
creating a more desirable product (Rijo, 2008).

SCADA systems contain the following components including a sensor, some type of on-
site apparatus that creates an electrical signal to be transmitted, a local power supply, a
type of communication system, a receiving unit, and lastly a mechanism to display the
information (Styles 2012). Overall there should be detailed procedures for every
adjustment of the system so that the historical reports and trend displays stay as
consistent and accurate as possible (McCrady, 2013).

The main goal of water monitoring using SCADA systems is to minimize water waste.
Water is a precious resource that can be misused and wasted during water delivery
between connected systems.

The objective of this project is to implement a new Adcon Telemetry station at the
Nelson Reservoir and connect the site to the entire Cal Poly reservoir system. Following
installation of the Nelson site, evaluation and documentation of the entire system will be
conducted. The project will analyze how efficiently the system is operating, and provide
guidelines for what currently works well in the system as well as improvements to be
made.






operators had a tedious task of monitoring the pump stations across the city. The plant
operators monitored the site 24 hours a day with shifts to check different plants every few
hours of the night (Dieu 267). By upgrading the facility with a window based SCADA
system the wastewater treatment facilities helped the Wastewater Operations Branch to
monitor effectively the city's sewage collection and distribution systems. The SCADA
trending tool helped the city optimize the wastewater plant's processes for savings in
operations, chemical, energy, and maintenance expenditures (Dieu 281). Overall the
SCADA system successfully transformed the plants operating systems and made
monitoring water use easier and more accurate.

SCADA Intrusion Detection

As with anything that is accessed through the internet there are certain aspects that must
be considered such as software security. With modern SCADA networks becoming more
popular for monitoring data, the systems are becoming more vulnerable to cyber-attacks.
These attacks are due to the common use of standard communication tools and increased
connections from the corporate network concluded through the internet. A new approach
to improving the security of SCADA networks is described using a flow whitelisting.
This approach will legitimate traffic based on four properties of the specific network that
are the client address, server address, sever-side port and transport protocol. The system
1s used to identtfy a whitelist and alarm the system (Barbosa, 2013).

MecCr~—eter

McCrometer is one of the leading companies in producing monitoring products for
agriculture and water industries. McCrometer offers a wide range of products including
one device called McCrometer Connect. This device utilizes comprehensive choice in
wireless remote monitoring for irrigation and crop management. The system offers
robust SCADA software to monitor equipment from one’s computer, smart phone or
tablet. The system ofters real-time data in order to make timely modifications to one’s
system. Convenience is becoming a more and more critical component to any product’s
success in the market (McCrometer, 2013).

Adcon

Adcon Telemetry is a company that was established in 2003 with headquarters located in
Austria. The company produces a product called AddVANTAGE Professional that is a
superior SCADA package. Their product offers tremendous management capabilities for
large numbers of data points, great data providers, and easy access via the internet
(Adcon 2014).






sensors that are attached to it. This model of RTU is 160 x 60 x 80 mm with a weight of
two and a half pounds. The enclosure has a protection rating of IP-67. IP stands for
ingress protection and 67 refers to the two rating standards of totally protected against
dust and protected against the effects of immersion between 15¢cm and 1 meter. The RTU
power supply is an internal 6.2V NiMH battery that can be charged by a solar panel or
mains adaptor. This device can support 12 analog inputs and 4 counter inputs. As with
most devices there are extensions that can be applied to accept more sensor values if the
readings need to be more precise. The device is also capable of configuring 4 digital
inputs or outputs. The RTU has memory storage of 32KB for up to 20,000 readings from
most sensors (Adcon 2013). For a complete table of RTU's features see appendix D.

Power Source. All electronic components require some power source. For most
systems the battery is built into the remote transmission unit that powers the data
transmission. The battery is commonly charged by a solar panel (see figure 3 below).
The use of renewable radiant energy reduces the maintenance required for the sites as
well as lowering the cost for power.

Figure 3: N. .. suius pesa wo ue uscu gt tie [(NeISOR Keservoir Site

Sensor Data Collector. Every station must have some kind of sensor that is collecting
data that needs to be transmitted back to the base station. Some common sensors used at
the sites visited are water level sensors, pressure transducers, and flow meters. Although
these few were used to help monitor the water flow through campus, there are many
different types of sensors that could utilize an Adcon Telemetry station for collecting and
recording real time data.

Ci¢a Visits

The first step to this project was the visitation to all existing Adcon Telemetry stations
currently operating at Cal Poly. There are Adcon Telemetry stations located all across



campus in order to monitor water movement (see appendix B). There are currently six
Adcon Telemetry stations collecting real time data that can be accessed online (not
including the new site to be added at the Nelson Reservoir).

There are five main water reservoirs located on campus that act as water storage facilities
that can be tapped into when water is needed. The five main reservoirs include
Indonesian, Drumm, Shepard, Nelson, and Middlecamp. Although there are many
different pipelines that transport water to their designated area of campus, the main water
line is called the Ag contract line. The Ag contract line serves as a main waterway for
most of the water movement across campus from reservoirs to fields.

Water Resources WS Oper ¥'9w Meter. The Water Resources Facility is located at
the Drumm reservoir. There are currently two Adcon Telemetry stations at the Water
Resources Facility that monitor flow rates. From the data collected using the RTU titled
“Water Resources WS Open Flow Meter” three graphs are produced. The first graph
titled “BPI vs Prob” displays the 18 flow meter and the McCrometer BPI flow meter
(see figure 4 below). The second graph is titled “Open Channel Flow Meter” and
displays two flow meters data (see figure 5 on the following page). The 12” flow meter
is located on the VFD line and the 18” flow meter is located on the propeller main line.
The final graph title “Service” displays the battery voltage, charging regulator, and the
data delay of the Adcon RTU (see figure 6 on the following page). Every RTU has a
“Service” graph that shows the information about the condition of that RTU.

Figure 4: “BPI vs Prob” graph for Open Flow Meter RTU
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Nelson Reservoir Adcon Telemetry Station Set Up

Another component of this project was the installation of a new Adcon Telemetry Station
at the Nelson Reservoir. This station utilizes a water level sensor in the reservoir and has
data uploaded onto the Cal Poly system. In order to prepare for the installation of the
station, a float and a weight were built.

Float. The float was constructed out of 4” PVC pipe. The float was 1.5' long with a 4”
PVC cap on each end (see figure 21 below). On one end of the float an eyelet was
threaded into the pipe cap. The water level sensor cord could then be fed through the
eyelet to bring to the top of the reservoir.

Figure 21: PVC Float for Nelson Reservoir water level sensor

Weight. In order to get accurate readings from the water level sensor, the sensor must be
placed near the bottom of the reservoir to get the pressure difference. For this apparatus a
2 gallon bucket was filled with concrete (see figure 22 below). Additionally the same
size eyelet as the float was set into the concrete in the bucket. Using the eyelet, the water
level sensor cord was zip tied to the weight. Since the eyelet was placed in the top of the
bucket the sensor is approximately 8 inches from the bottom of the reservoir.

Figure 22: Concrete Weight to sink water level sensor in Nelson Reservoir
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Manual for Configu=—7 New Adcon Telemetry Station

The first step to configuring a new Adcon Telemetry station is the initial setup of the
RTU done by the company producing the product, in this case McCrometer. A new RTU
unit is pulled off the shelf and is charged for 7 to 10 days. Next the company uses a
terminal program on a PC and a programming cable to set up the frequency so that the
RTU is on the same frequency as the rest of the network for that system. The ITRC
network uses a frequency 0of 462.2625 MHz and a channel spacing of 12500 Hz.

Following the initial set up, the RTU must be programmed into the A850 gateway. The
gateway 1s a server device that controls the communication between all systems in the
network. The gateway can collect data from each station and change the data into a date,
time, time zone, value, and engineering unit so that a software program can use it. The
RTU type must be inserted followed by the RTI code or serial number. Then the sensors
are attached through a graphical user interface so it is easy to visualize. After this setup
one can communicate with the RTUs and after setting up the sensor drivers the A850
takes care of the rest. The A850 gateway can be accessed through the website
http://129.65.141.120. Using the master user name and password the system can be
accessed and settings can be changed. In order to change any of the settings the program
must first be “locked”. While in the locked mode one can input new RTUs and contigure
them to the gateway.

Once the data is available in the A850 it can be accessed through the ITRC website under
weather data and online databases. The SCADA-lite package is called addVANTAGE
Professional. Through this system one can log into the network and view the trends and
data from each RTU in the network.

The Nelson Adcon Station was fully configured and began collecting accurate data on
May 15, 2014 (see tigure 32 below).

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Figure 31: Nelson Reservoir Adcon Telemetry station trend
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Guide for Editing Online Data Charts

The addVANTAGE Pro 6.4 is the system used by the ITRC for their RTUs. When the

data is first transmitted to the system there are multiple settings that are automatically
defaulted.

By logging onto the addVANTAGE Pro 6.4 with a master username and password the
settings can be adjusted to better display the data.

There are four tabs at the top of the screen directly under the header titled Tools,
Window, Help, and Logout. Most of these are not used for changing the graphs, but
rather changing the overall program settings. For example, under Tools in the User
Options one can change the password of the login by going to the Security tab on the
right.

Under the four tabs are a row of buttons and a search bar (see figure 33 below). The first
button on the left that looks like a RTU with a green plus sign is used for creating a new
RTU. After one has configured the RTU with the A850 gateway the RTU can be
uploaded to this program.

Figure 32: Initial Screen

The next button to the right is for the creation of a new panel. By clicking the mouse on
the New Panel button there is a drop down menu with the four options of Event Viewer,
Explorer, List, and Trend. Event viewer opens a window with a list of events that have
been made. Explorer opens the exact same window in a new browser, so one can have a
split screen focusing on different things. The List option provides a new window where
one can add graphs to make a list. This could be useful for quick viewing of similar
graphs by having them in a list right next to each other. The final option titied Trend
opens up a new blank graph.

The third button from the left, shaped like a floppy disk, is a save button to save the new
settings. The fourth button from the left is a save as button to save the new settings using
a different name.

The fifth button from the left. shaped like a piece of paper with a checklist on it. is a
Property of Selected Object button. If one has an RTU highlighted and then clicks on the
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Properties button a window pops up with the general information about that RTU.
Information in this window includes descriptions such as name, node identification,
alarms, and events. By going to the second tab at the top titled Action one can create new
events. There is a button on the right of the screen where one can add an event. Events
have actions attached to them that can notify one if a certain time is reached. There is a
maximum age of the event where one can tell the system how many days, hours, and
minutes the event is to last. There are also multiple actions that can take place including
sending an email, turning a switch on or off, or calling a landline.

The sixth button is the red “X” that is for deleting an RTU. This should only be pressed
if a RTU is being taken out of the system.

As seen in the figure above there is a search bar option. The button that is shaped like a
magnifying glass is an option for the search bar to be filtered by name, class, subclass, or
ID.

Trend Settings. By clicking on the plus signs next to the names of a station, graph icons
will appear (see figure 34 below). By double clicking on the graph icon a new window
will pop up with the trend of that particular graph displayed. Within this window there
are many options for optimizing the graphing display of the data collected at the RTU.

Figure 33: Opening an RTU graph

The setup of this window is similar to the home addVANTAGE screen with the additions
of more buttons and axis setting options (see figure 35 below).

rigure 34: Trend Window Display

The first and second buttons on the left side of the toolbar are the save and save as
buttons, respectively. The third button is to add to the node template, but the node
templates are not needed for this application. The fourth button is for printing the screen.
The fifth and sixth buttons are for exporting the values of the data to either a PDF or
excel spreadsheet respectively.

The seventh button opens up the Trend Options window and is the most commonly used
feature for editing the graph display (see figure 36 below). In this program the sensors
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threshold. On the left under General in the value window one can set the maximum for
the threshold. Under Fill there is a value window called Base where one can set the

minimum for the threshold. Additionally, the Paint color is the color that the threshold
will show up as on the graph.

The final tab titled Display is used to change some of the x-axis settings. Under Time
Axis options one can change the major grid color and the time axis color. Under the
Duration options one can change the duration of time for the axis as well as the gap at the
end of the data. Although it can be altered here, the time axis is easier to change from the
initial graph screen. The last options under the Display tab are under Graphic Options.

In the Graphic Options one can change the graphic background color, the axis
background color, the legend background color, and the legend color.

The next ten buttons are all used to format the timeframe of data displayed. The five
buttons to the left of the first date are all used to go to past data. Each button has a
different increment for how far to jump back in the data. The first one goes to the
beginning, the next goes back 30 days, the next goes back 7 days, and the next goes back
1 day. The date represented in the middle is a start or end point for the arrows
surrounding the window. In the second window there is a drop down menu for changing
the length of time displayed on the x-axis. Based on that increment, the arrow to the left
of the date will go back that distance while the arrow to the right of the date will jump
forward that increment of time from the given data.

The first button to the right of the interval window can be useful for reading data off the
graph. If the button is mostly white then by selecting a section of data one will get the
sum, average, minimum, and maximum for that data and the date and time range of'it.
Additionally, one can export that specific data by right clicking the selected light blue
section and going to Export All Values in Selected Time Range.

The next button that looks like a right arrow connected to a vertical line will jump the
data to the last available data point.

The next three buttons will change how the data is displayed. The first button that looks
like a graph is the graph mode button. This is the most common type of setup. The next
button that looks like a list will change the data to a list format. The final button only
displays the most recent data point in a picture mode.

Map of ITRC Adcon Telemetry Stations

To distinguish the placement of the ITRC Adcon Telemetry stations a google map image
was used to show each of the stations (see Appendix B). The legend of the image shows
what type of sensor each station is using. Additionally the map will increase awareness
of where each station is located relative to one another.
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Evaluation of Adcon Telemetry Stations

In order to evaluate each Adcon Telemetry station each site was visited and each online
graph was viewed. From the initial site visits it was clear that all the stations were still in
their correct location and properly connected. Next the online data was analyzed.

Most of the Adcon Telemetry stations are functioning correctly. Most stations are
accurately collecting and transmitting data to the gateway. These stations are providing
useful graphs in the addVANTAGE program.

Two stations are currently not operating correctly. Both the Adcon Telemetry stations at
the Water Resources Facility are not functioning properly. The first station titled “Water
Resources WS Open Flow Meter” is not properly transmitting data. This was determined
by the lack of date although water has been flowing though the flow meters. After
talking with a representative at the Water Resources Facility it was determined that there
was a problem between the sensor and RTU interface. One of the sensors has been sent
back to McCrometer to identify the problem.

The other Adcon Telemetry Station at the Water Resources Facility titled “Water
Resources Pumps” is also not measuring any flow through either of the flow meters.
These flow meters have been running recently and should have been logged by the online
data.

It is important to check the system often so that a problem is caught early on to avoid
other disasters. When sensors and RTUs are not recording or transmaitting proper data.
the best way to troubleshoot the problem is to check the online settings and look for
warning signs. Next one should contact the company that produces the product and ask
the company to check the product to try to identify the problem.
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DISCUSSION

Communication with McCrometer Representative

As with any project communication is a key element to getting tasks accomplished with
limited knowledge. One aspect of this project required outside help with an expert. In
order to get the new RTU station configured to the A850, a representative from
McCrometer, Steve Grove assisted in inputting the codes online to get the process started.
Although this process was completed, it was extremely difficult to get the process going
and to get the information needed to complete this project due to difficult
communication.

Troubleshooting RTU Connection with the Sensor

One problem that occurred during the configuration of the sensor was the initial data
collection from the sensor was not being transmitted from the RTU at the Nelson
Reservoir station. This issue was solved by checking the connections at the Adcon
Telemetry station. The connection between /O A was checked for a secure connection
and possible bent prongs in the connector. Seeing no problem with that connection and
the power connection was working properly, the next connection to check was the wire
connectors in the breather box. By reconnection one loose wire and reassembling the
breather box, the system began to properly collect and record data.
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RECOMMENDATIONS

Length of Sensor Connection Cable

When preparing for this project the ITRC already had the components needed to set up a
station. Although the station is in place and running properly, a longer cable would have
been preferred. If a longer cable was used the sensor could have been placed farther out
into the middle of the reservoir creating more distance from the sides of the reservoir.
This option would give a better average of the reservoir depth and potentially have less
problems associated with being close to the edges of the reservoir.

Additional Sensors

One way to improve this station is to add multiple sensors to the station. The plan for the
site 1s to install a pump and filter station. A flow meter could be added to the station and
therefore provide data to show when the system is running. Another option is to add a
pressure gauge to the pipeline. Any additional sensors that can be added to the Adcon
Telemetry station will provide more data that can help monitor the water flow though the
Ag Contract line at Cal Poly.

Trench Pipeline to Cover Sensor Cord

When setting up the Adcon Telemetry station at the Nelson Reservoir the cord was run
from the pressure transducer to the pole with the RTU. This cord was left exposed on top
of the ground from the water surface to the pole. One recommendation is to trench a
pipeline to protect the cord from the pole to the water line. The cord is very sturdy and
may not need covering, but the extra protection could be useful in some cases. As well as
protection, trenching a pipeline will improve the aesthetics of the site.

Adcon Telemetry Station at the Middlecamp Reservoir

The Middlecamp Reservoir directly feeds into the Nelson Reservoir. Therefore once the
pump station is installed at the Nelson Reservoir, it will be very important to monitor the
water level of the Middlecamp Reservoir. Adding a similar Adcon Telemetry station as
the Nelson Reservoir to the Middlecamp Reservoir will be easy and straightforward with
the instructions provided in this report.

Mobile App

One way to improve the Adcon Telemetry system at Cal Poly is to create a mobile app
for easy access to the graphs. Although the data is easy to access on a computer, a
mobile app that gives a quick overview of the graphs would be very useful for workers in
the fields. The mobile app doesn't need to have all the features as the online version,
however just showing a small amount of data would be very useful.
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Major Design Experience

The BRAE senior project must incorporate a major design experience. Design is the
process of devising a system, component, or process to meet specific needs. The design
process typically includes fundamental elements as outlined below. This project
addresses these issues as follows.

Est~hlishment of Objectives ar- “riteria. Project objectives and criteria are
established to meet the needs and expectations of the [rmgation Training and Research
Center. See Design Parameters and Constraints below for specific objectives and
criteria for the project.

Synthesis and Analysis. The project incorporates the evaluation of several Adcon
Telemetry stations at Cal Poly.

“~astruction, Ter**~g and Evaluation. The Adcon Telemetry station at Nelson
Keservoir was constructed, installed, and evaluated.

Incorpor~+~n of Applicable Engineering Standards. The project utilizes the national
electrical codes (NEC) for installation of automated devices and the California Building
Codes for solar installation.

Capstone Design Experience

The BRAE senior project is an engineering design project based on the knowledge and
skills acquired in earlier coursework (Major, Support and/or GE courses). This project
incorporates knowledge and skills from these key courses:

BRAEI129 LabSkills/Safety

BRAEI133 EngineeringGraphics

BRAEIS51 AutoCAD

BRAE 236 Irrigation Principles

BRAE 328 Measurements and Computer Interfacing

BRAE 433 Concrete Structures

ENGL149 Technical Writing

Design Parameters a»< Constraints

This project addresses a significant number of the categories of constraints listed below.

Physical. The Adcon Telemetry Station was mounted to a pole at the Nelson Reservoir
with a water level sensor dropped into the reservoir.

Economic. The project was funded by the Irrigation Training and Research Center and
through McCrometers equipment.
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Major Design Experience

The BRAE senior project must incorporate a major design experience. Design is the
process of devising a system, component, or process to meet specific needs. The design
process typically includes fundamental elements as outlined below. This project
addresses these issues as follows.

Establishment of M™hjectives and Crit~~i~ Project objectives and criteria are
established to meet the needs and expectations of the Irrigation Training and Research
Center. See Design Parameters and Constraints below for specific objectives and
criteria for the project.

Syr+k~sis and Analysis. The project incorporates the evaluation of several Adcon
Telemetry stations at Cal Poly.

Construction. T~-ting and Evaluation. The Adcon Telemetry station at Nelson
Reservoir was constructed, installed, and evaluated.

Incorporation of Applicable Engineering Standards. The project utilizes the national
electrical codes (NEC) for installation of automated devices and the California Building
Codes for solar installation.

Capstone N~<i7n Experience

The BRAE senior project is an engineering design project based on the knowledge and
skills acquired in earlier coursework (Major, Support and/or GE courses). This project
incorporates knowledge and skills from these key courses:

BRAEI129 LabSkills/Safety

BRAE133 EngineeringGraphics

BRAEI51 AutoCAD

BRAE 236 Irrigation Principles

BRAE 328 Measurements and Computer Interfacing

BRAE 433 Concrete Structures

ENGL149 Technical Writing

Design Parameters and C~—-traints

This project addresses a significant number of the categories of constraints listed below.

Physical. The Adcon Telemetry Station was mounted to a pole at the Nelson Reservoir
with a water level sensor dropped into the reservoir.

Economic. The project was funded by the Irrigation Training and Research Center and
through McCrometers equipment.
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Environmental. A benefit of the project is a reduction in water loss from the reservoirs.
The Adcon Telemetry stations utilize a renewable energy supply from the small solar
panel attachment to each pole.

Sustainability. The durability of the stations will enable long term use and the
renewable energy supply will provide long term battery life.

Manufacturability. N/A

Heal** and Safety. N/A

Fehical. N/A
Social. N/A
Political. The project will reduce water losses at Cal Poly.

Aesthetic. The finished product is fully installed at the pump and filter station at the
Nelson Reservoir. Wires are properly connected and neatly tied up and hidden.

Productivity. The Adcon Telemetry stations are designed to collect readings every 15
minutes.



APPENDIX B: ADCON TELEMETRY STATIONS AT CAL POLY MAP
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APPENDIX C: NELSON RESERVOIR DRAWINGS
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APPENDIX D: RTU DATA TABLE
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APPENDIX E: A850 DATA TABLE
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APPENDIX F: PARTS LIST
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Adcon Telemetry Station — Nelson Reservoir
Parts List

RTU —

Remote Telemetry Unit
Model: A753-46

100.753.004 B4
SN:855490

ID: 55490

FCC{D: SHXA753-46
IC: 3606A-A75346

addWAVE Series 4
Adcon Solar Set:

9VvDC(, 460mA,4,3W
Iltem Number: 200.733.522
Country of Origin: Austria

Keller druckmesstechnik (breather box)

Type: Baromodul PAA-80748.99

Range: Programmierbar

Output: 0..2.5V

Supply: +5.5..15VDC

1: GND

2: +QUT

3: +Vce

SN: 556

Tel: +41/52/235 25 25 +49 /77 45/9214-0

P-136-29-MSHA
18AWG

4/C SOOW

90C

600V

Water Resistant

Keller druckmesstechnic (water sensor)

Type: PA-36W/80748.9-10
Range: 0 .. 10 bar

Output: Digital RS 485
Supply: +5.5 .. 15VDC
1/WH:GND 3/PK:RS 485A
2/BK: +Vcc 4/GN:RS 485B
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e Tel: +41/52/235 2525 +49/77 45/9214-0

Hose Clamps
e 2”and4”

Zip Ties
e large

Bucket
e 2gallon

Eyelets with thread
e %" —short thread

e %" —long thread

PVC
e 4" Pipe
e 2-4"Caps

Small Bucket of Cement
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