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Problem Statement
Our problem statement is to design a system tleatemits liquid waste disposal in

unauthorized sites and to prove the waste was skspim authorized sites.

Statement of Work
This project involves developing a system to helpvell disposal contractors

properly deal with oil well waste products. Thieject must be part of an effort to solve
a system-wide problem. The full solution to th&uis must assist contractors from when
they first are informed of the well site locatianlbgging of the final disposal site. Many
steps are involved in this task. The system dg@ezlavill involve many different people
and must be understandable by every one of thegdegeln the end, a system must be
designed that prevents liquid waste disposal inthmaized sites and to prove the waste

was disposed in allowable sites.

Figure 1-Oil Drilling Rig

The proposed system begins when the drilling cotdrehires the disposal
contractor to remove the drilling fluid waste antbrms him of the location of the

proposed well. The disposal contractor types tak cation into the computer program



created by the project, which is installed at haffiee. The program will then show the
disposal contractor eligible locations for a disdaste. To determine these eligible
locations for disposal, the program must considpographical, soil type, land
ownership, and watershed information. The allos@athbinations of soil type and
typographical areas will change depending on thation within the state, and the
program must know all of these permitted typesaichearea. The contractor selects a
site and contacts the owner of the land for prelany approval. Once this approval has
been granted, the permitter for the disposal compaites up a permit for this location
and sends this to the Oklahoma Corporation ComanssAfter having the permit

certified, the people in the home office send thiisrmation out to the supervisor in the

field.

Figure 2-Disposal Truck

The supervisor in the field then takes over tlezpss. When a truck is ready to
deploy, the supervisor will call the home officedaelay the well site location and truck

ID to the home office. They then send disposah amrmation over the Qualcomm



network to the truck. The driver then identifiesikelf to the software in the truck. This
creates a log entry in the data log in the trutke equipment on the truck tells the driver
when to go to get to the disposal site. The drigbows the driving instructions to the
site. When he gets there, he hits a button to dperalve on the truck. The program on
the truck uses data from a GPS receiver to chentale sure that the truck is within the
designated disposal area. If the truck is withim@llowed area, the valve opens and the
driver is allowed to spread the drilling waste.eTgrogram on the truck logs the position
and time when the valve was opened and continukeg) tiboth position and time until the
driver closes the valve. The driver is alloweap®n the valve again if he is still in the
designated area; otherwise the valve will still aeamclosed. Also, whenever the valve is
open, the truck is required to be in motion orghagram will close the valve again.
When the driver has finished disposing of the idilifluids, he hits a “job done” button.
This closes the log and sends the information bat¢ke home office. The valve will

also lock at this point and can not be opened theitruck returns to the supervisor. The
truck is then ready to be refilled and restartghecess.

The data logs from the trucks are stored at timeehoffice. A program at the
home office allows the people there to easily ppla map showing all the disposal
information. This information can be filtered bgtd and location to enable anyone to
easily understand exactly where the fluids werdiegp This system must present the
information in an easy to use manner since it cbeldised by untrained personnel to
prove proper disposal in courts. This step coredutie process that we are proposing.

Several considerations must be taken into accatuihie system level. The system

needs to be tamperproof, so that the informatigathers can be trusted. It must be easy



to use, especially where it interfaces with theehrsince this person is most likely
untrained. The design must not break down ofteicesthe contractor will be relying on
it to handle the entire process of his businedspakts of the system must be accurate
and properly communicate with each other. Thiggmtchas many aspects that must be

solved, but offers a great benefit to society whésnimplemented.

Patent I nformation

B3E has researched patents on a wide varietypafdpgiven the large scope of
this project. When researching patents for waisigodal valve, we found a patent in
waste disposal monitoring system, United States Patent # 4,549,570. The system
involves a valve that monitors the flow of fluid sta to a reservoir. It also includes
density circuitry, level detector circuitry, countand counter delay circuitry. All of
these are placed in the reservoir and not in thekir Therefore, B3E does not foresee
any complications with our project.

When researching patents related to finding doadb the disposal sites, we
found patent # 6,784,832. This patent is for anahicle information system. It covers
giving direction based on GPS data and determironte for the vehicle. Therefore,

B3E would most likely need to purchase a directigstem.

Engineering Specifications
B3E will only plan on designing the parts in theck. We probably do not have
the time to create a GIS software package. B3Emwdke sure that the truck will

communicate with the GIS software.



B3E has created a list of requirements for thdrotlar based on our
understanding of the problem with which we are ac&he following are the
requirements that we have for the controller:

» Has a method for electronic identification of thever
* Receives area data and well site data in an etectform (Qualcomm?)
0 Area data is a polygon created by GPS lat/longtpama text format-Use
NMEA 0183 for GPS format
o0 Well site data will be a single GPS location
* Optional: Receives driver directions in an elecitdorm
o Directions will be text in English only
* Box informs driver when vehicle is within the desiged area
* Receives input from a switch to open valve
» Tests to determine whether valve is allowed to fiened
0 Tests current location to ensure vehicle is wittesignated area
o0 Tests to ensure that the vehicle is moving (Doé$ave to be accurate)
o Will close valve if either test fails or the clogalve button is pressed
* Receives input from a switch to close valve
* Box informs driver if valve is open
* Box informs driver if vehicle is not detected asving
* Box must receive input from job done switch
* Box must store log data

0 Begins when either driver identifies himself ordkueceives area data



o Ends when job done switch is pushed. If this swigctt pushed, it
doesn’'t send the valve closed log data back tdvtimee office and cannot
take a new job.

* Box finishes log when job done button is pushed
» Box will not open valve after log is closed

» Box will only receive new data after job done batts pushed.

Truck is Ready

A 4
Supervisor Calls the Home Office

\ 4
Home Office Sends:
-Directions
-Disposal Area Information

A 4
_ R R Data Log
Driver Logs In ™ Truck > Starts
Driver Proceeds to the DisposaJI
Area
v Log Records
Driver Turns on Valve » Position Every 5
Secs
A 4

Controller Ensures Truck is
Moving and in Area

Driver Closes Valve

Y Lock Valve Closed & Send

Driver Pushes Job Done Log Data Back to Home
Button Office

A 4

Figure 3.-Diagram of Application Process



Log consists of:
1. Truck ID-Stored in memory when “the box” is inseall
2. Driver ID-Stored in memory when driver identifiesifs
o0 Is erased when “the box” is turned off becausewlnsld make it cheaper
3. Well Site Location-is receives with area location
0 Used only for that run
4. Valid area — received electronically
0 Used only for that run
5. Time information — when driver identifies self
o When area and well site is received
6. Records position and time when valve is open
7. Continues recording this information periodicaliyl(sec)
8. Records valve closing and why. (Which test fadedwitch was used)
9. Optional: Amount disposed — Recorded at well sitation
o0 Used only for that run

10.Records any over-rides used

Generation of Design Concepts

B3E created four proposals for the design of trdroller. Two of the designs
call for B3E to develop a custom controller. Tlieev two designs use off-the-shelf
controllers. The main difference between the desig that the off-the-shelf controllers
have the ability to display moving maps to helpdhieer find the designated area.

However, these controllers are not able to com@ktef the tasks listed in the



requirements for the controller. To use a movirgprdisplay means that we will not be
able to implement all of the tests and control$ Wehad intended for this system.

The following is the description detailing the teontrollers that we will build ourselves:

Custom Controller Type 1 (Simple System):

No driving directions — Assume that they will benped with a map showing location

No way to enter amount to dispose — This will beorded at home office when the
request for a disposal area is made.

5 Lights
» Valve open
* Inside of Area
* Vehicle Moving
* Power
» Log closed light/Ready for new run information

3 Buttons
* Toggle switch for open/close valve
» Job done button — The button will be cover swittkame other method to
prevent accidental activation.
* Power Switch
* Over-rides provided by either special driver idgecdition or through Qualcomm

Custom Controller Type 2: give driving directiommptional: enter the amount disposed)
* Receives driving directions through Qualcomm.

» Contains:
1. Screen: -display the directions to the disposa are
-display the amount disposed (optional)
2. Lights (5): -indicates valpen/closed
-indicat@hether the truck is within the correct area
-indicat@hether the truck is in motion
-indicatilat the log is closed and ready for a new run
-indicates that the power is on
3. Buttons (6): -toggle switch for openfirigsing the valve
-“joloe” button
-povesyitch



-switthnavigate between the options and to move the
cursor
-switch to change the digits
-engeit button (toggle switch)
* Override method: by entering the password of tineedin an over-ride screen on
the controller (one of the menu choices).

The off-the-shelf controllers will use the systetimst they have already created in their

operation.

Feasibility Evaluation of Possible Designs
All controllers need a GPS receiver, so this haseen included in the price quoted
Build our own controller:

Type 1-Very Simple (5 lights and 3 buttons on @igblay):

Cost: $25,000 in development costs for the firg (r. Stone, BAE Professor)
Strengths:

» Simple-Easy to use. Very little training requirfed the driver.

» Contains just the features necessary.

» Tests to ensure the vehicle is moving and is withendesignated area.

* Can be integrated with Qualcomm or other wirelegs transfer systems

* The lights will clearly display the current stafetloe controller and any errors

* No need to read English to operate.
Weaknesses:

* No map or directions to tell driver where to go $as1e that this can be created

using the GIS software in the home office. Thely save the map as a jpeg and

email it to supervisor who will print it on-site dugive to the driver)
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* No ability to type in a password directly into tbentroller to over-ride. (Assume
the driver can call into the home office, and thély send an over-ride through
the Qualcomm network.)

* No ability to type the amount for each disposalinio the controller to add to the
log file. (This must be reported to the home @fiehen asking for them to send
the application area to the controller. They d¢sntadd this to the log file at the

home office at the end.)

Type 2-Simple (4 Line Text Display Screen, 5 Liglag8uttons)

Cost: $50,000 in development costs for the firg (r. Stone, BAE Professor)
Strengths:

» Simple-Easy to use. Very little training required fhe driver.

» Contains just the features necessary.

» Tests to ensure the vehicle is moving and is withendesignated area.

* Can be integrated with Qualcomm or other wirelegs transfer systems

» The lights will clearly display the current statetlee controller and any errors

» Gives driver directions in text format (These n&ebtle created by the people in

the home office when designating the area to wtadpply.)

* Over-ride password can be typed into the controledriver

* Amount that is to be disposed can be entered ng@ontroller on-site.
Weaknesses:

* No map to tell the driver the shape of the desgpharea. (Once again this can be

created at the home office and printed on-sitestgileen to the driver)
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* Must be able to read English to read directions

Off-the-shelf controllers:

Using Mid-Tech Controller

Cost:

» Entire system without GPS receiver $11,000
Strengths:

» Displays map of designated area on color screen

» Can receive shape files directly from the GIS pgeka

* It will print out log data in a job report format
Weaknesses:

» Driver can just turn off the prescription map otimated area.

Logging is not automatic

Not designed to direct driver to the designatediegiion site, but maps can be

loaded to show the landmarks to find the area.

Complicated-Large number of menus to navigate atups

Must be able to speak English and have some basiputer knowledge

Using Trimble Controller

Cost:
e Trimble AQGPS 170—$6750
» Controller—about $1000

» Total at least $8000

12



Strengths:

Is designed to help the driver find the site whaokground maps are loaded for
the area. Guidance system will direct driver ® shie.

Maps are displayed on a color screen

Complete logging of application data—including @riwnformation.

ESRI ArcExplorer version 2 is included with the A& 170. (This is software
for the office computer that is used to make thesrat the areas and record the
data applications)

Can receive shape files directly from the GIS pgeka

Somewhat simple for the driver to use—We can rentbgainnecessary menu

options, so the driver only sees the ones needéd ks job.

Weaknesses:

Cannot prevent the driver from turning off the prggtion map
Can only communicate through a flash card

Must be able to speak English and have some basiputer knowledge

13



Table 1.-Comparison of Controller Designs

Controller Type Strengths W eaknesses
Simple—Easy to use No map or
Test to ensure the vehicl directions

“Very Simple”’Custom
Controller

is moving and in
designated area

Can be integrated with
wireless data transfer
systems

No need to read English
to operate

No ability for the
driver to over-ride
with passwords
No ability to record
disposal amount
locally

“Simple” Custom
Controller

Simple—Easy to use
Test to ensure the vehicl
is moving and in
designated area

Can be integrated with
wireless data transfer
systems

Gives driving directions

No map

Must be able to reac
English to
understand the
directions

)

Midtech Legacy 6000

Display maps on color
screen

Can receive shape files
directly

Will print out log data in
a job report format

Driver can just turn
off the designated
area control

Must use flash card
for communication
Complicated

Must be able to reag
English and have
basic computer
skills

)

Trimble AQGPS 170

Display maps on color
screen

Can receive shape files
directly

Guidance system to help
find the designated site
Can create more simple
menus

Driver can just turn
off the designated
area control

Must use flash card
for communication
Still more
complicated than
basic systems
Must be able to reac
English and have
basic computer

)

skills
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Determination of Suitable Designs in the Fall Semester

The proposed designs were sent to Joe Hamiltorefeew. He decided that the
project should continue with the Trimble desigrheTacilities for creating a controller
from scratch were currently busy with many othexjgets. The Trimble controller also

provided the most features for its cost.

Deter mination of the Final Design

At the end of the final semester, we had decidetherimble AgGPS Field
Computer to handle our maps. We waited for a aapmonths trying to purchase this
unit. We were not able to obtain it, so we stalteding at alternatives. At the same
time, we realized that the single rate controlleeshad been hoping to use would not
work. All of these controllers relied on a flow teeto maintain a constant rate. The
drilling mud that we would be pumping through thees would destroy a flow meter
quickly. We realized that it would be necessaripudd our own controller to just turn
on and off a valve. This meant that we could labkeld computers that we had
previously disqualified because they did not suppw@ny controllers.

After looking at the field computers again, the BaWiper stood out. This unit
was significantly cheaper than most other field patars but only supported controllers
made by Raven. Raven was one of the few compam@®vide the communication
strings that operated its controllers, so we heshaly decided that it would be best to use
these communication strings in our custom desifme Raven Viper was easily available

and we were able to start using it soon after wdaerihe decision to purchase it.
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The controller was constructed with a PIC microtoalter from Microchip. A
prototype board from CCS was used. The 16F877A-photo board provided a power
supply, a RS232 output, and an easy to conneadddr to provide access to all of the
pins on the chip. The CCS PIC-C complier was usemrite the program for the chip.
The reason this products were used was that thewses familiar with the products from
class work. A final design of the system shoultnety on these parts as they are only
designed for prototype use.

We decided to use ArcView because it is considehsép among other GIS
package and it is the most widely used in this.ateaddition, ArcView is available in
BAE computer lab. Furthermore, one of the BAEfata&n expert in using ArcView and

he is willing to share his knowledge to us.

Design of the Viper and Controller System

The custom controller takes the information from Baven Viper and uses it to
control a valve. The Viper puts out messagestéiithe controller if the valve is
allowed to be open. The controller also tells\iger if the valve is open or closed. The
Viper logs this information and creates reportsdating exactly where the material was
applied. The operator also has a switch which rmesgin for the valve to be open. This
allows the operator to turn off the dispensinghef iaterial at any time.

The messages from the Viper are sent by a RS-2&# sennection. This
connection uses a hardware handshaking system hprrgance the micro controller
used in this project did not have this hardware ithndshaking lines were looped back to

themselves. Pins six and four, and pins severeayd were connected by loops of wire.
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This meant that the Viper also saw the responsanted and never halted the sending of
information. The Viper's messages and the coetrsltesponse are included in
Appendix A. Notice that the Viper is setup as aab@ommunications Equipment. This
means that the controller must be wired as a Datmihal Equipment.

Another problem with the Viper is that it is podsibo shut down its serial port
communications by sending too much data too fAfer experimenting with many
different timings, a setting was found that did a@tsh the Viper. Set the baud rate to
9600 with no parity, 8 data bits, and 1 stop Bihen add a 103 delay between sending
each character. Unfortunately at this speed, ehé&raller will miss communications
from the Viper unless it checks the incoming buf&er sending each character. With a
different compiler and micro controller setup thigght not be necessary.

The value switch works by grounding a pin thatuigd high by a pull-up
resistor. This was the BO pin on the PIC 16F87tAclvis the external interrupt. The
switch needs to be polled continuously or on aeript that will detect any change in its
status. The switch is considered on when theidimgounded through the switch. When
the switch is on, this allows the valve to be taroe if the Viper has sent a message
indicating that the vehicle is in the area desigddty the prescription map. If the switch
is off, the valve needs to be shut off immediatélis could also be implemented by
running the output to the valve through the swéol leave out the micro controller
altogether.

The Banjo valve is operated by three wires. Twaes/are ground and twelve
volt power. The third wire is switched. When twelolts are on this line, the valve

opens. When this line is not powered, the valesas. The valve requires about three
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amps on the switched line. Since the micro colgralannot handle that much current,
the micro controller switches this line throughCaGDC DC output module from
Grayhill. These modules are optically isolated aad handle up to 3.5 amps. This
module was mounted in the 70RCK4 four-channel edsk& from Grayhill to provide

terminals for the module.

Figure 4-Control Box Picture
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To Banjo
Valve

T b

Truck
Battery

12V to E
5v
Power Ground
PIC
16F8TTA Pin CO
Pin BO

|

Operator's Switch

Figure 5-Wiring Schematic
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| mplementation of Arc-View Design

Downloading Maps

The permitter needs to download some maps in dodéetermine the suitable area. The
maps are aerial photos, road maps, watershed s@ps;pe maps, and township maps.

The maps are available online for free.

Determining Disposal Area

By using ArcView, the user can overlap aerial, raat watershed maps. First, he/she
can locate the drilling site by looking at the maphen, the user can find the nearest area
to dispose the liquid waste material. Besides mshtd profile, the soil type map is also
used to decide whether the area is suitable fopdhgrthe liquid waste material. After
that, the user can use the township map to deterthamtownship, town section, and

owner of the land.

Creating Prescription Map
ArcView provides features to mark a disposal abgajrawing polygon around the area.
Then, the user can create a prescription map lingdhe polygon’s table. Detailed

steps are provided in the user manual.
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Results

The Viper and the Control Box

The Viper seems to be a suitable field computers®win this application. It is
cheaper than others, and provides the necessarnynation to the controller. The
control box needs to be designed for a final pradditie current system is just a
prototype to allow the validation of the design cept. This makes this system very
impractical for use in a commercial product. Hoesmvthe system does do its job. The
valve is turned off when it is not in the zone @il by the Viper and turns on when in
the zone and the valve switch is on.

There are several problems in the current prototyifee biggest problem is that
the program occasionally stops receiving charadtens the Viper. This seems to be
either an error in prototyping board or with thengier. A function provided with the
compiler should check whether the UART buffer hag eharacters in it. Occasionally
this function is stuck reporting that no charactesavailable. The only way to return
the micro controller to operating status is to téseThe connections on the prototype
are definitely not suitable for use in the fielloo much vibration will cause the power
and RS-232 cables to fall out of the board. Thay@itl module is convenient for design
purposes but is inefficient for use in a final d@si A single board should be built to

combine all of these components without extra wgirin

Arc-View

We created prescription maps for an area besidés|BBoratory (parking lot).

Then, we transferred the best one to Raven Vipersing flash card. After that, we
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drove the testing vehicle to see whether the mapshawn in the Raven Viper. The
map was shown as expected in the Raven Vipelsdttad an icon showing current

position in relation to the prescription map.

Proj ected Budget

Trimble Unit $6,750.00

Fluid Controller ~$1,000.00
Miscellaneous ~$1,000.00
Total ~$9,000.00

Actual Budget to Implement this System

Raven Viper $4000
Controller Box $500
Banjo Valve 1” $400
ARC-VIEW $1500
Total $6400
Conclusion

The use of GIS information to control the appiieatof hazardous materials is
very possible. Much information is available fogd on the Internet. It may take some
training to be able to use all of this informatibat once learned, it makes looking at

maps for decision making very easy. Once a detisas been made, the prescription
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map can be created following the instructions weelgiven. This prescription map is
transferred to the Viper. The Viper allows the as&echnology that has already been
proven in precision farming to be used for this nask. The custom controller box
allows the use of the Viper without the usuallyuiegd flow meter. This enables our
process to be used for the much simpler task airarif control that is not usually an
option on precision farming techniques but is vhlaan controlling the disposal of
hazardous materials. The Viper also provides agmaystem for the record keeping.

All of these features make this system a viable t@agontrol the placement of hazardous

liquid waste.
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Appendix A. Viper-Controller Communication

Strings from the Viper

$R,TD This is a request for the controller to saridme string

$R,CR This is a request for the controller to sesm@alibration strings
$R,DR This is a request for the controller to seadata strings

SR, TA Unknown use, respond with the actual rate.

$R,RC,xxxx This is a rate change request. The xxiixoe replaced by a number
indicating the requested rate.

Strings to the Viper

The italicized variabl®pen is set to 1 when the valve is open and to 0 whervalve is
closed.

$R123K,ARopen\r\n Returns the actual rate to the Viper. Thessage is sent
about every 2.5 seconds and in response t@ateehange
request and the unknown TA message.

$R123K,C1,10000001,00010001,100,0,0,785\r\n  Theséha calibration

$R123K,C2,720\r\n strings for the controller.

$R123K,C3,074dpen,0\r\n These are guessed values
based on information in Appendix 10
of the Raven SCS 440 manual. It
should tell the Viper that only boom 1
is in use and that the console is setup
with a fast valve to enable zero rates.
| suspect that there is an error in these
strings since the Viper will not send a
zero rate to the controller.

$R123K,D1,1,1\r\n These are the data strings.y Bheuld contain

information

$R123K,D2,1,1\r\n about the areas, volumes, asi@dces covered. The Viper

$R123K,D3,1,1\r\n appears to ignore these nundxetbey are all set to 1.

BAD COMMAND This is not supported by the Viper,thtindicates that the
controller did not properly receive the lasingf from the
Viper.

BAD LOGIC This should never be seen unless tlogm@m running the

controller has become corrupted.
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Connection Between the Viper and Controller

The Viper is Data Communications Equipment, amddbntroller is wired as a
Data Terminal Equipment. The hardware handshakitmpped back to the Viper so that
it always sees that the controller is ready toixece

Connection between the Viper

1 and the controller

s -

bl I Transmit Data to Viper
O__3—|

°T= Receive Data from Viper
o] P

T
o -

] Ground

Figure6.-Viper/Controller Connection
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Appendix B. Instructionsto Setup and Operatethe Viper with the Controller
Installation of the Control Box

Power Connection

The Power for the box is connected to the switgimaer supply from the Viper.
This is the orange wire from the Viper. This ophpvides the box power when the Viper
is on. This prevents the box from draining batf@oyer when it is not in use and makes
sure that it is on any time it may need to be usdtke power connector is the two pin
Deutsch Connector. The polarity must be corresevere damage will occur. The
wires on the inside are colored red for positive Black for ground. Ensure that the

power connector lines up properly.

Valve on/off Switch

This is the top two pins of the four pin Deutscihn@ector. The switch needs to
connect the two wires when the user wants to all@walve to be on. The black wire is
a ground. The other wire is only connected to gdowhen the switch is in the on

position.

Valve Connection
The valve is connected by the three pin round ReuU@onnector. This pin
provides power on the red and black wires to theevaThe third wire is controlled

through the relay to open and close the valve.

Viper Connection
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This is a DB9 (nine pin) connection. Plug the lialkeled Console from the Viper

into this connector.

Viper Setup

Follow the directions given in the Viper manual.

During the product control setup, the Viper wilkder the controller to be used.
For the console, chose the SCS 440. This is theate that the controller in the box tries
to emulate.

On the serial port setup or commport setup, depgnain the version of Viper, for

the console connection chose:

Baud: 9600
Parity: None
Stop bits: 1

Data bits: 8
Since the controller only changes one valve, thabar of booms should be set to

1. The section width should be the length of bdem.

Running the Viper and the Controller

The prescription map created in ARC-VIEW must lzzed in the correct
directory on the Viper's flash card. This shoutdthe Rx Map directory, but the Viper
manual has more information in its appendix ontonggrescription maps. To start the
application process, the driver needs to followittstructions to start a job. These are

listed in the Viper manual with color pictures shiogvthe menus that should be used.
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Since the actual method varies depending on theareof the Viper that is being used,
we will leave the specific steps out of this repdristead, refer the manual that
corresponds with the version that is being usedririg the process of starting a job,
several decisions must be made. The operator neguisk the option to turn on variable
rate application and to record the application .ddta enable the variable rate
application, the driver will need to select thegargtion map that the permitter has
created and placed on the Viper's flash card. driver will need to select the product
that is being varied from the prescription map.isigroduct has been named DRILLING
in all of our examples. These choices shouldhetdriver start the application process.
Once the application is finished, follow the direns to close the job. The Raven will
then record the information to the Flash disk &el transfer to a computer for

permanent filing.
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Appendix C. Source Codefor the PIC 16F877A with CCS compiler

Il the pretend SCS 440

#include <16F877a.h>

#use delay(clock=20000000)

#fuses HS,NOWDT

#use rs232(baud=9600,parity=N,xmit=PIN_C6,rcv=PIN) C

#define TIME_TO_DELAY 100 //time to delay betweelmaracter sends in us.

int typelnput(char *viperString);
void answerViper(int kind);

int rateChange(char *ratelnfo);
int get_raven(char *viperstring, int maxlength);
intl  open;

int count;

intl  allowOpen,;

char activeArray[50];

int arraySend,;

intl something_to_send;

intl two_part_message;

intl current_signal,

#int_timerl
[*This timer interrupts about every 100ms. It ctaufor 25 interrupts to reach
every 2.5 seconds. The first action of this tilsgoo send a message indicating the
actual rate to the Viper. It then checks the \@@&urrent_signal. Current_signal
is set every time Viper receives a new rate froeMiper. If a new message has not
been
received in the 2.5 seconds, it turns off the valVhis is what closes the valve usually
since the Viper does not always send zero rates.*/
clock _isr() {

if(++count > 25)

{

answerViper(1);

if(current_signal)

{

current_signal = 0;

}

else

{

output_high(PIN_CO);

open = 0;

allowOpen = 0;

}
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count =0;

}

/[The following interrupt handles the manual op&ge value switch
/[The external interrupt on pin BO requires that type of edge that
/ltriggers the the interrupt be set. Since | wardapture both

/Ithis interrupt service routine changes the trigigpending on the
/Istate of the switch after the interrupt

#int EXT

EXT _isr()

delay_ms(10); //debounce the button

if(input(PIN_BO) == 0)
{
ext_int_edge(L_TO_H);
if(allowOpen == 1)

output_low(PIN_CO0);
open = 1;
}

}
else

{
ext_int_edge(H_TO_L);

output_high(PIN_CO0);
open = 0;

}

void main(void)
{
char fromViper[20];
int type; //type = 0 for unknown
/ltype = 1 for rate change
Iltype = 2 for calibration string request
Iltype = 3 for data string request
Iltype = 4 for time request
/ltype =5 for actual rate request (TA?)



intl good=0;

open =0;

count = 0;
allowOpen = 0;
arraySend = 0;
something_to_send = 0;
two_part_message = 0;

if(input(PIN_BO) == 1) //set the condition ftre initial external interrupt
{
ext_int_edge(H_TO_L);
}
else
{
ext_int_edge(L_TO_H);
}

setup_timer_1( T1_INTERNAL | T1_DIV_BY_8);
enable_interrupts(INT_TIMERLY);
enable_interrupts(INT_EXT);
enable_interrupts(GLOBAL);

while(TRUE)
{

[*This first section calls the function thatords the string from

the viper. This function returns a 0 if 8tang was not properly
recorded. A zero makes the program stant onegeading from the viper
and prevents the rest of the program fronratpeg on a bad string*/

do
{
good=get_raven(fromViper,20);
if('good){
output_low(PIN_B5);} //turn on the red lddhe message is bad
twhile(!good);

output_high(PIN_B5); //turn off the redlld the message is good
output_low(PIN_AS5); //turn on the greexl if the message is good

type

type = typeinput(fromViper); //calls a functiémdetermine the request

if(type == 1) //if the request was for a ratenge, determine the
{ /llrequested rate

31



allowOpen = ratechange(fromViper);
current_signal = 1,

}

/*Opens the valve if both the manual swital ghe rate from the raven
are requesting that the valve be open*/
if(input(PIN_BO0) == 0 && allowOpen == 1)

{

output_low(PIN_CO0);

open = 1;

}
else

{

output_high(PIN_CO0);

open = 0;

}

/*Send the required reponse back to the Viper
answerViper(type);

output_high(PIN_A5); //turn off the yellded

output_high(PIN_B4); //turn off the greled

}
}

int typelnput(char *viperString)

[*This function checks the message type from thee¥and returns a value based on that
type.*/

inti=0;

while(viperString[i]'=",")

i++;

_ }

i++;

if(viperString[i] == 'R’ && viperString[(i+1)] =='C")
return 1; /lrate change

if(viperString[i] == 'C' && viperString[(i+1)] =='R")
return 2; //calibration string request

if(viperString[i] == 'D' && viperString[(i+1)] =='R’)
return 3; //data string request\r\n

if(viperString[i] == 'T' && viperString[(i+1)] =='R")
return 4; /ltime request

if(viperString[i] == 'T' && viperString[(i+1)] =="A")
return 5; /lactual rate request?
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return O;  //do not know the type of request

}

void answerViper(int kind)

{

[*The activeArray is the string that currently nedd be sent to the Viper. This function
loads the proper string into activeArray dependinghe type of message that the Viper
sent. The first part of the function checks tinat ¢ontroller is not currently in the middle
of sending a string. If itis, it sends the oldssege quickly before replacing the
activeArray.*/

[*The compiler does not allow strings beyond aaiartength, so the calibration strings
must be sent in two parts. The second part ofatibration string depends on if the
valve is open or not so that is tested for befoagling the second part of the string. If
the string has completed it changes the variablewdicate that.*/

while(something_to_send || two_part_message)

{

putc(activeArray[arraySend++]);
if(activeArray[arraySend] == 0)

if(two_part_message)

{
if(open)

{
strcpy(activeArray, "$R123K,C2,7208R123K,C3,0743,1,0\r\n");

else

{
strcpy(activeArray, "$R123K,C2,7208R123K,C3,0743,0,0\r\n");

}
two_part_message = 0;
arraySend = 0;

}

else

{

something_to_send = 0;

}

}
delay_us(TIME_TO_DELAY);
}

something_to_send = 1;
arraySend = 0;
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switch(kind)

{
case O:
strcpy(activeArray, "BAD COMMAND\N\N");
break;
case 1:
if(open)
{strcpy(activeArray, "$R123K,AR,1\r\n");}
else
{strcpy(activeArray, "$R123K,AR,0\r\n");}
break;
case 2:

two_part_message = 1,
strcpy(activeArray, "$R123K,C1,10000001,00000,100,0,0,785\r\n");

break;
case 3:
strcpy(activeArray, "$R123K,D1,1,1\r\n$R128R,1,1\\n$R123K,D3,1,1\r\n");
break;
case 4:
strcpy(activeArray, "$R123K,TD,17:00,03/01/200841");
break;
case 5:
if(open)
{strcpy(activeArray, "$R123K,AR,1\r\n");}
else
{strcpy(activeArray, "$R123K,AR,0\r\n");}
break;
default:
strcpy(activeArray, "BAD LOGIC\r\n");
}

}

int rateChange(char *ratelnfo)

[*This function returns the rate requestedh®yViper in the
rate change request string*/

inti=0;
int comma_count = 0;

for(comma_count = 0; comma_count < 2; comma_ coynt+

while(ratelnfo[i]!'=",") //advance the string toetlsecond comma



[*This section reads the rate information. iy aligit is a non-zero in
the rate number, it returns a one to turn orvéltee. Otherwise the
while loop will end and the function will retuenzero.*/
while(ratelnfo[i] >="0" && ratelnfo[i] <="'9")
{
if(ratelnfo[i] !'="0")
{

return 1;

)
i++:

}

return O;

}

int get_raven(char *viperOutput, int maxlength)

{

int len=0;

char c;

[*The following do...while loop continues undil$ is received from the Viper.
The $ is the start of a message from the Vifgdis prevents the controller from

starting the recording in the wrong place.*/

do

{
[*The function kbhit returns a one if theseai character received and waiting in the

UART buffer. This loop therefore continues untittzaracter is received.*/

while(!kbhit())
{

if(something_to_send) //check if thesanything to send

{

putc(activeArray[arraySend++]); //seatke character from the activeArray
if(activeArray[arraySend] == 0) //chefor the end of the activeArray

if(two_part_message) //if the messhgs two parts, load the second.

{
if(open)

{
strcpy(activeArray, "$R123K,C20¥2n$R123K,C3,0743,1,0\r\n");
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else

{
strcpy(activeArray, "$R123K,C20k2n$R123K,C3,0743,0,0\r\n");

two_part_message = 0;
arraySend = 0;
}

else
{
something_to_send = 0;
}

}
delay_us(TIME_TO_DELAY); //wait for thHEME_TO_DELAY to prevent from

overloading

}
}
c = getc();
}
while(c !'='$"); //only start recording a siif the start
lIcharacter of $ was reediv

/lthe Viper&rigl communications and shutting it down.

[*The function kbhit returns a one if there isteracter received and waiting in the
UART buffer. This loop therefore continues untitfzaracter is received.*/
while('kbhit())
{
if(something_to_send) //check if therengtaing to send
{
putc(activeArray[arraySend++]); //sencamharacter from the activeArray
if(activeArray[arraySend] == 0) //cheak the end of the activeArray
{
if(two_part_message)

{
if(open)
{

strcpy(activeArray, "$R123K,C20k2n$R123K,C3,0743,1,0\r\n");
}

else

{
strcpy(activeArray, "$R123K,C20¥2n$R123K,C3,0743,0,0\r\n");

two_part_message = 0;
arraySend = 0;
}

else

{
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something_to_send = 0;

}

}
delay _us(TIME_TO_DELAY);//wait for tHHME_TO_DELAY to prevent from

overloading

}
}

c=getc(); //get the first letter after e

/lthe Viper&rigl communications and shutting it down.

output_low(PIN_B4); //turn on the yellow LED $tiow that the recording of a
message has started.

--maxlength; //subtract one from the lengthhaf string to leave room for the null
character.

[*This do...while loop records the string uither a new line is received or the string
is full. It also outputs messages when it is egeiving the message. If it recieves an
invalid character or reaches the end of the mesdaggurns a 0 indicating that the
message was not received properly.*/

do{

if (c<=")Il(c>="~")||(c=="8"))
return O; //return not good if not an alphmeric or if another $ is reached
if(!(len<maxlength))
return O; //return not good if max lengfttlee string is reached
viperOutput[len]=c;
len++;

[*The function kbhit returns a one if there istaracter received and waiting in the
UART buffer. This loop therefore continues untitzaracter is received.*/
while('kbhit())
{
if(something_to_send) //check if therengtaing to send
{
putc(activeArray[arraySend++]); //sencamharacter from the activeArray
if(activeArray[arraySend] == 0) //cheak the end of the activeArray
{
if(two_part_message)

{
if(open)
{

strcpy(activeArray, "$R123K,C20k2n$R123K,C3,0743,1,0\r\n");
}

else

{
strcpy(activeArray, "$R123K,C20¥2n$R123K,C3,0743,0,0\r\n");
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}
two_part_message = 0;
arraySend = 0;
}

else

{
something_to_send = 0;
}

}
delay us(TIME_TO_DELAY);//wait for tHHME_TO_DELAY to prevent from

overloading

}
}

c=getc();

} while(c!=13); /[stop creating string when ankne is received

viperOutput[len]=0; //add the null characteiridicate the end of the string
return 1; /Istring was recorded correctly

}

/lthe Viper&rigl communications and shutting it down.
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Appendix D. ArcView Manual

I. STARTING ARCVIEW

e Open ArcView program

* The window below will pop up

! Welcome to ArcYiew GIS x|

Create a new project

=

i U

<> " as ablank project
or

-

= " Open an existing project

W Shiow this window when AncVizw GIS starts

ak. | Cancel |

* Select ‘with new View’

¢ Click “OK” and ArcView w

9 ‘wiould you like to add data to the View now?

ill show this window

e

* Click “No”
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1. ACTIVATE EXTENSIONS

* Click “File” and select “Extensions”
-Inix

Edit Yiew Theme Graphics 'wWindow Help
Cloze

Closs &l

Set Working Directary...
Save Project Chil+5
Save Project As..

Erint...
Frint Setup...
Expoart..

Manage Data Sources...

=

Dizplays the Extensions dislog

Eit

L
([

* Check the extensions that you need (MrSID Image8upProjector!, Spatial
analyst, XTools 9/15/03)

Extensions 5[

Awvailable Extensions:

| ModelBuilder -l oK ]
ﬂ M50 Image Suppaort
Cancel |
_ | Multi-Theme Auto-Labeler
_ | Mamed Extents J
| MNeatline Reset |
_ | NITF Image Suppart ™ Make Default
_| ODBEC Edit ;I
Abot:

* When you select XTools, this window will pop up

XTOOLS PEFAULTS

1. Specify the map units of your data T ~

2. Specily the desired autput map unils: Fest — =

3. Specily the desired defaulk View distance units: [Ffe =

4. Specily the desired urits for area outputs: Both Acres and Heelares e

5. Always convent overlay [CLIF, INTERSECT, etc:) Mo -
output shapes ta single part.?

6. Always calculate Area, Perimeter, Acres Yes -
(Hectares), Length?

7. Dia NOT show View Praperties and XT oals Defaults when r
creating & new Yiew.

8. Do NOT show the T oals Defaults Dislog when the XTaols u

Extension loads.

9 Set Projection Help | Save Defalts Close

WIEW DEFAULT PROJECTION NOT SET.

e Click Close
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Il ADDING THEME TO ARCVIEW

* Click “View” and select “Add Theme”

i ArcView GIS 100 x|
File  Edit B Theme Analysis Suface  Graphics HTools 'Window Help
Froperties. ..

&dd Theme...  Cirl+T
[Heocods Addiesses
Add Event Theme...
Hew Theme...
Themes On
Themes Off

[aymut:
TOC Style.

Full Extent
Zoom [
Zoanm Huk

Zoom To Themes

L
([

Insetsther = 7 Selected

* This window will pop up, so select the directorytioé map

zl
Directon: i ] oK |
- = o - C
ancel |
= esi
= av_gis30
[T
£ arcview @ Directories
£ dhaccess © Libraries
x ) ia data LI
[rata Source Types: Dirives:
[Feature Data Source =] e 3|

A. Adding Road M aps

» Select the directory and set the data source type tFeature Data Source”

Add Theme x|
Diirectory: |u:\snrdsgn\b3&\arcview oK. |
E tgrd0113kgl shp Al [E=w - Cancel |
B tgrd0119lka.shp
B tgrd0119kb.shp
B tgrd0119lke. shp Cvie
B tgrdd119kd. shp J 3 lincolk
B tord01 151k .shp 3 logan & Directaries
[ tgrdi19kh.shp 3 pawnee o (Lt
1 tard0119Ict sho ﬂ 1 sail LI
D ata Souce Types: Dirives:
| Feature Data Source >l [u vibicen-fs0dvugrad ]|




» Check on the legend and the map will
1ol

Eile Edit Miew TIheme Analpsis Surface ﬁraphlcs ®Tool:  indow Help

- -_.-@. RN EE GG

B46,970.50
] Tgrd0119kashp L&
FAY

399353736 1
HEIE

1T

1
=il
T
3

A=

£
fheass
punusl
52

ol

B. Adding Aerial Maps

» Select the directory and set the data source type timage Data Source”

zl
Diirectory: |u:\snrdsgn\b3&\custer counly oK. |
B naipl-1_ck033_2003.5id - | = uh 1= Cancel |
= sridsgn

= b3e

B custer county

& Ditectories
 Libraries

Dirives:
| u Wbioen-fs04wugrad ]|

» Check on the legend and the map will
1l x|

] Naip1-1_okd 19 200~
|

all

be shown

be shown
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C. Adding Watershed Maps

» Select the directory and set the data source type tFeature Data Source”

& Add Theme x|

Diirectory: | uhshrdsgnib3etbasingbcustert 11030201 oK. |

M okppl.shp ;I = uh - Cancel |
M@ pczshp = snrdsan
M icris.shp [= b3e
[ basin:
B stshp = custer
B statsgo.shp J & Directories
E ti.shp 23 landuse o (L
B tsool.sho = ™ waobs =
[ ata Souce Types: Dirives:
| Feature D'ata Source B3| | u “hbioen-fs04hugrad =]

» Check on the legend and the map will be shown
i Arcview GIS 3.2 =10l x|

Ele Edit Miew TIheme Analpsiz Surface ﬁraphlcs ®Tool:  indow Help

El - Es@l BN SR

£35,32355 &
399536359 3

ol

D. Adding Soil Type Maps

» Select the directory and set the data source type tGrid Data Source”

& Add Theme x|

Diirectony: | ushrdsgnib3eimiadshalbers oK. |
= — =

- |
M| soil2_a [= sridsgn

B s0ild_a = b3e
= miads
£ infa & Directories
" Libraries
-
D ata Souce Types: Dirives:

| Giid D ata Source x| [u Wbicen-fs0dhugrad ]|




» Check on the legend and the map will be shown

i Arcview GIS 3.2 i [m] (]

Ele Edit Miew TIheme Analpsic Suface [Graphics XTools 'window Help

El I_I.I BN EEF=EE

B57.107.24
eale 111,254,247 1 Bag1a6 :

ﬂ Soill_a el

[ 12800 - z467=

ol

For soil type map, we can select the desired ¢ieason by:

» Change the legend type to be “Unique Value” as shiovthe following window

=10[ x|
Theme: | Saill_a ]| Lioad... |
Legend Type: | Graduated Color B3 Save. |
Graduated Color = Diefault |

nigque

Clagzification Classify... |
Maormalize by: [

Symbaol = [abel

[ 1 i1 -12889 1101 - 12889 -

[ i 12290- 24678 12890 - 24678

[ ] i 24579- 36455 24675 - 36466

[ i 36467 - 48255 6467 - 48255

I #0256 - 60043 48256 - 60043

B o044 - 71832 BO044 - 71832

Bl 19383620 71833 - 83620 LI
Colar Framps: | Red monochromatic =l

Advanced. | Statistics. I I da | Apply I
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Select the desirable value field (the window shasign we want our map
showing the soil texture)

#! Legend Editor

_{ol x|
Theme:; |5.;.i|‘| & | Lioad... |
Legend Trpe: | Urigue Yalue Ea| Save... |

Drefault |
Walues Field: | <Maope: x|
kuid =
Comphame
Symbol Count
|:| H_I.Jl:lgrp |
Shrirk zw
gﬁﬁ| ?@| '5%|

Calor Schemes: | Bountiful Harvest B3

Advanced... I Statiztics. .. I Undo I Al I

Check on the legend and the map will be shown

[0l

Eile Edit ¥iew TIheme Analysis Suface [Graphics ®Tools Window Help

I I EEE #EIX III@@I
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IV. OVERLAP AERIAL MAP AND ROAD MAP
* Add aerial map as described in section I11-B
» Add road map as described in section IlI-A

To merge both maps, we need to change the uriecd¢rial map to decimal degrees as
shown on the following steps:

* Click “View” and select “Properties”
=loix]

Add Theme Chil+T
[Hecoode Aodiesies.
Ldd EventTheme...
Hew Theme...

Themes On
Themes 0ff

TOC Style...
Full Egtent
Zoom |n
Zoom Qut
Zoom To Themes
Zoom 70 gelected
Zoom Preyious
Fifd,
Lomatefddress:

LtrleF

-

Displaps the dialog bow to edit properties of the view 5

* Click on Projection when this window pops up

Mame: | Wiewl

Creation Date: | Thursday, April 14, 2005 8:37.27 P Cancel |

Creator: |

tap Units: | decimal degrees

=
=l

Distance Units: | miles

Prajection: Home

Frojectian... | Area OF Intergat. . |
Backaround Calar: [ﬁ] Select Colar... |

Comments:
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» Select the category to be “UTM-1983"

":' Projection Properties ll
{* Standard (= Custom
Cancel |

Categonye | Projections of the ‘world B3|

Type: I_G Projections of the World

Projections of a Hemisphere
Frojection:

Projectionz of the United States
State Plane - 1927

State Plane - 1333

UTH - 1927

Mational Gridz =i

» Select the type according to the zone number oatba, for example Payne

County is in zone 14

’; Projection Properties

X
* Standard ™ Custom

Cancel

Categon: I IJTH - 1983 B3
Type: | Zone 11 |

Zone B
Zane 7
Zone 8
Zone 3
Zone 10
Zone 11
Zone 12
Zone 13

Projec
Spher
Centrs

Referg
Scale
Falze

Falze
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Check on the legend and both maps will be shown

ol
File Edit ¥iew Theme -Analpsis Surface  Graphics  HTools Window  Help

S B

= =] Gesle 115865

] Tomotigkashp A

Rl Naipﬂ'—1_nk11§_201

dl}




V. DRAWING POLYGON

» After completed the instruction in section IV, zoarto the targeted area
ol

Ele Edi View Theme Anabsis Suface Graphics Window

] Al S

o] Todotigkashy A

Rl Nai'p"\'-‘l_nM"\Q_ZDi

Zooms in at & pm‘int you click o oo inon arectangle you drag

¢ Click on “View” and select “New Theme
ol

[EINE

operties...
Add Theme...  Chl+T
[Fedoods Aodiesses..
Add EvertiTheme..

ME...

T0C Stile
Full Estent
Zoam |n
Zoom Dut
Zoom To Themes:
Zoom 7o aelested
Zoom Previous
Fifid, .. Gt F
Locatediddress:

Creates a new theme

» Select the feature type to be “Polygon” and cli€i”

x

Feature type: Dk

49



Select the desired directory and type the file name

[ ]
x
0k |

Directaories:

File M arne:
|ﬁMEM uszhrdsgnib3eharcview
= u - Cancel |

= snrdsgn
= bls

3 lincaln
3 logan

1 pawnee
LI "7 zoil LI
=l

Drives:
| u: \hioen-fs04tugrad

» Click on the drop down arrow located on the bottayht corner of the following
icon. Select the polygon shape (it is the sixttiaopfrom the top)

o] Tardn11ekashp

i N.a’ip1-1_ok119_éﬁ1

Creates a polygon on the d'ispla_n,n_ :
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» Click on the edges of the polygon, and then doalit& on the last point

=
Tcz] scale 1462855777

=]

olygentshp

] Tara0119Ka.shp

] Maip1-1_ok119_20

* The polygon will appear as shown

 Tao118Kzshp

o Maip1-1_ok419_20

Polpgon Size = 016 Acres anE[-U.]]B‘:}le_clar 13
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VI.  MAKING PRESCRIPTION MAP

A. Drawing the Boundaries of the Application Area

After drawing polygon of our application area, vamaetermine the boundaries by

drawing outer polygons following the steps below:

» Click on the drop down arrow of the icon, and selke last option as shown
below

=10l

o Tgrdo11kashe

o Maip1-1_okt 19_2‘&:1

v

Appends a new polygon adiacent to other polygons S

» Draw two different outer polygons as shown in tle&trfour windows

=[]

eme - Analpsis Suface  Graphics ool Window  Help

B73.218.68
3335961442

o] Tardn11ekashp

¥ N.aip1-.1;ok11g_261

-

Segrment Length 349636 mi Length: 22 54627
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ﬂ Tard0 119k a.shp

+1 Naip1-1_ok118_20

o Tgro11aKa shp

7 Maip1-1_ok118_20




ﬂ Tard0 119k a.shp

[ Maip1-1_ok113_20

SagnenL'Length;"l-B_Eé}

23 mi Length: 12,847.29 mi

B. Edit Prescription Map Table

e Click “Theme” and select “Table”

PEroperties...

o TaE011gka.

Stop Editing

Save Edits

Save Edits As..
Canwert to Shapefile...
Corwvett to Grid..
Save DataGet,

o Maip1-1_ okt

Edit Legend...
Hide/Show Legend

Remateh dddiesses

Autolatel. iyl
Remive Latels il
Femave Overlapping Labels
_I;_':_onvert [verapping Labets Tl
Table...
Dueny.
Select By Theme...
Create Buffers...

Clear Selected Eeatures

| Opens the tables of.

Edit Theme Expresson,,
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» The table will be shown as following

—lojx

Eile Edit Table Field #Tool: Window Help

| 1 of | 3 zelected

P

#! Attributes of Polygonl.shp

Shape D
iPalugon 0 L]
Palygon 1]
Palygon ]
=]
al 151
i
|

* Click “Edit” and select “Add Field” to add anotheolumn for the table
O ArcYiew GIS 3.2 -0 x|
Eile Table Field XTools Wwindow Help

E] [Ciif [T+ j|

Copy ChlE
Easte [Srl+ cted lz
UndoEck  Culez

Fedo Edit  Chil+y’
Add Eield...

Add Becord  Chrl+a,
[elete Field
Delete Records
| Select Al ITvI
tdds Select Mone a

— [ |

* When this window shows up, change the propertigeotolumn

i Field Definition X
Mame: | Drilling OE.
Tvpe: | Humber =l Cancel
widhe [ 16

Decimal Places: I 1]
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* The new column will be shown as the following

i x

Eile Edit Table Field #Tool: Window Help

| 1 of | 3 zelected

#! Attributes of Polygoni.shp

Shape
Palygan 1] |l
Palygon 1]
Palygon ]
[+
al 153
i
|

» Select the polygon of which properties need tohsnged
» Click “Field” and select “Calculate”

=

File Edit Table XTools ‘window Help

[ Sort Azcending IE
Ii_l ; |_ Sort Descending
ul

#! Attributes of B

Create [ndex

Summarize...

Shape 1]
Polygon | i Ltz L]
Palygon i Statishics. .
Palygon 0:
al 153
Calculates the walue of a field H-
» Select “=" on the “Requests” list
x
Figlds Type Fequests
& Mumber :I
D] . /
(Driling] £ Sting ¢ i
" Date =
=
[Cirilling] =
-
Cancel |




» Enter the code in the specified space, “1” meaisstiie application area and the
valve will open and “0” means it is outside the laggiion area and the valve will

close.
2 Field Calculator |
Figlds Type Fequests
& Mumber :I
D] o G /
St
[riling] e ¢ N
" Date =
Lk
| > =
[Cirilling] =
1 -
Cancel |
-

» The following windows show the prescribed table
2 ArcYiew GIS 3.2 -10] x|
Eile Edt Table Field =Toolz Window Help

2 2

| 1 of | 3 zelected

#! Attributes of Polygonl.shp

Shape

Palygon 1] 1 =]
Palygon ]
Polygon 0

|
al 153

a5

2} Arc¥iew GIS 3.2 -0 x|

Eile Edit Table Field #Tool: Window Help

EINEE

| 1 of | 3 zelected

#! Attributes of Polygonl.shp

Shape
Palygaon 1] 1 il
Palygon 1] 1]
Palygon ] 1]
al 153
i
|
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* Click “Theme” and select “Stop Editing” to stop &dg the polygons (before stop
editing polygons, don’t highlight any polygon oretimaps)

) Arc¥iew GIS 3.2 -|10O] x|
Eile Edit “iew bpalyzics Surface  Graphice  xTools
Window Help Broperties...

E
Save Edits

Save Edits Az

—— Corvert to Shapefile...
:Zﬂ Pabrgont.sh) Convert ta Grid...
= Sawe [Mata Set..

] Tard0119ka.

Edit Leqgend. ..
& Naipt-1_ok Hide/Shaw Leaend
Be-matzh Addresses..
| Autorlabel.. eI+
Starts or stops editiv Remove Labels [Chl+F

* When the following window pops up, click “Yes”
! Stop Editing x|

9 Save Edits o Polpgond zhp’?

Mo | Cancel |
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VII. PROJECTING UNITSOF POLYGON

After we draw a polygon on aerial map, we needrtggat the units to decimal degrees
so that we can put it on the road map using tHeviahg steps:

* Click on “View” and select “Properties”
» Change the map units to meters and click “OK”
#2 ¥iew Properties x|
Mame: | Viewl Ok I
Creation D ate: | Thursday, April 14, 2005 10:45:51 Pi Cancel |

Creator: |

tdap Units: | unknown

[istance ] Unknown
decimal degrees

o s

inches

Projecf feet
wards
Eackground miles

milllimeters
Commets:

centimeters

» Click on the “change projection” icon (first icorofn the right)
~iofi

E\'E Edit  iew Theme Euaph\cs )Ai\n}:luw: Help )

@ (7 @ | [0 FE]

E73.252.03
38996717 ¢

ﬂ Haip1-1_ok119_20(

Segment Length: 5:45 Penmeler 38964 Area: 311472 3q
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* Then this window will pop up, click “OK”
2 Projector! x|

» The following window will pop up

#! Projection Properties

f+ Standard " Custom

Cancel |

Categan: | Projections of the ‘world =l
Type: | Geoqraphic =]

Projection: Geographic

» Change the category to “UTM-1983"

! Projection Properties ﬂ

% Standard " Custom
Cancel |

Categary: | Projections of the ‘whorld =]
Type: I_G Projections of the wiorld =]

- Projections of a Hemizphere
e zelian Projechions of the United States
State Plane - 1927
State Plane - 1983

UTM - 1327

M ational Grids

4]
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» Change the type according to the zone of the doe&Xample, Payne County is

in zone 14)
#d Projection Properties il
* Standard ™ Custom
Cancel |
Categary: [ 1ITH - 1933 =1
Type: [ Zone 11 =]
e
Praojec A
Spher Zone 7
Cetitrs A | |
Feferg Zone 3
Zone 10
Scale
Zone 11
Falge
Zone 12
False
Zone 13

» Select output units to “decimal degrees” and clioK”
#! Projector! x|

Fleaze pick output units Ok

Cancel

* Then, this window will pop up. Select “Yes” if yauant to recalculate area,
perimeter, and length using the new units. Otregwéelect “No”

9 Recalculate area, perimeter and length fieldz [if present) uzing

decimal degrees?
Mo |

» Click “Yes” to add projected polygon as a theme

Projector!

9 Add projected shapefile(z) as theme(z) to a wview?

_te |
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» Select the View to show the new polygon
i Projector! |

Add Theme to:

Cancel |

e Viewr

-

» Select the desired saving directory and renamedhgon file

4 Project 123.shp x|

File: M arme: Directories: oK |

u:herrdsgrib3eharcview

- = u - Cancel |

= snrdsgn
[= b3e

£ lincaln
£ logan
£] pawnes
LI 71 il LI

Drives:

| u: Wbioen-fz04%ugrad B3|

» After completing above steps, the polygon can lexlapped on the road map
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Appendix D. Download Instructions
MAPSWEBSITE ADDRESS

1. Aerial Photo Maps  http:// 139.78.101.190/2003img1/

2. Watershed Profile http://www.epa.gov/waterscience/basins/b3webdwn.htm
3. Road Maps http://arcdata.esri.com/data/tiger2000/tiger_dowadlofm

4. Township Maps
http://www.ok.nrcs.usda.gov/technical/GIS/Cydn20Base%20Maps/plss_page.html
5. Soil type Maps OnCD

DOWNLOADING MAPSFROM WEBSITE

A. Aerial Photo Maps
1. Browse the aerial photo map website
. Click on the county, which you want to download
Select save
Open those files to unzip them
Click Extract
Then click ok to finish unzip them

OU AWM

Water shed Profile

1. Open the watershed profile website

2. Click on “Surf Your Watershed”, under the headirig@ata from the web”

3. On the “Surf Your Watershed” page, click on “Loc&ieur Watershed” picture

4. Use “Find Place” to search watersheds of the désioeinty

5. You can see the list of watersheds under “WateshgdCounty”

6. Open another window for the watershed profile wieband click on
http://www.epa.gov/waterscience/ftp/basins/gis_#aia

7. Click on the desired watershed number

8. Open the core.exe file

9

1

. Select save
0.Unzip the file

C. Road Maps

Open the road map website

Select the desired state

Select the county and click “Submit Selection”

Check on “Line Features-Roads” and click “ProceeBdownload”
Click “Download File”

Select save

Unzip the file

NoakwNE

D. Township Maps
1. Open the township map website
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2. Click on the desired county
3. Save the file
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BoE

GPS-Controlled Hazardous-

Material VValve

Oklahoma State University
BAE 4022
Dr. Paul Weckler
Sponsor:. Joe Hamilton,
UniBridge Scale Systems




Our Problem

> Design a system that prevents liguid waste
disposal in unauthoerized sites and to prove
the waste was disposed in desired sites.




Current Practices

> Permitter looks for eligible disposal
areas near well site.

> Contacts land ewners for permission.

> Requests permit from the Oklahoma
Corporation Commission.

> Send truck driver from well site to
disposal site.




Current Problems

> Driver has little training.

> Drilling fluids may be placed in the
Wrong area.
o Accidentally by misreading the map
o Intentionally by driver to get done faster

> Companies may be sued when it was
actually a competitor was at fault.




Our Solution

> GIS package for permitter in the office
» Provide necessary maps for permitter
o Provide methods to designate a disposal area

» Control system and recorder for the driver
of the truck

o Prevent the vehicle from dispensing drilling
fluid unless it Is in the permitted area

o Record application rates and paths for record
keeping




The Project Schedule

| Duration | Start
heet with Trimble zales pe 1 day Wiad 27205
Research switch relays . 4 day:'.sé Tue 24 105
Buy switch relay . 1 day: Mnn .-EII?IEIS
Wiite & controller program . 5 da':.fs: Wied 27205
.ﬂ;ss.emble-part:s of fHe l:l:un. 3 daﬁ-'s"f Wied EIQIDS
Test the cortroller © tday  Fri2e1ms
Reswrite controller pru:ugrarr. 2 days: Mon 214005
Retest the cortrallsr C 1day  Wed 2MEDS
Study Arciview C ddays  Tue 2A/05
Ask Craig sbout ArcView | 1day  Wed 202005
Practice using Archiew . 5 days: Mnn .-EII?IEIS
Map parking ot for testing . 1 day Fri 201005
Setup AGGPS 170 1day  Mon 2A405
Cnnnem components to .&g: 1 day; Fri éﬂ BJ;EIS
Share information about A1) 1 day: Fri 2M8/05
F‘Lrt ef:quip:.ument an mﬁle . .5 days"- Mﬁn 2.@_1.."05
Test the system C 1day  Mon 202805

Analyze results . 4 days | Tue 341105

Correct errors and make |n Sdays  hon .-SII?IEIS
Retest the system C O dday Mon32105
Upgrads the system | 19days  Tue 32205
Prepare the presentation . 1Ifl days. hon 441 BJ;EIS
Wirite firal report | 10days  Mon 44805
Update B3E Wiskisite | 10days Mon 44805
Final Presertation C tday  Thu 42805




GIS Package

> Use ArcView

> Permitter downloads necessary maps to
determine disposal area:

o Aerial photo

o Soll type map

o Watershed map

o Road map

o [[OWN Section map




Aerial, Roads, Dams, and Rivers

4 ‘.‘
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Prescription Map

{7 Attributes of Yiperboundry2.shp !E[i

Shape [E Y
Polioon




Raven Viper

DRILLING
000°
Q:0fEES

Storage
Card




Controller Box




Our Truck




Budget

Expected Budget

Actual Budget

Trimble Unit | $6,750.00

Fluid ~$1,000.00
Controller

Miscellaneous| ~$1,000.00

~$9,000.00

Raven Viper

Controller-
Box

Banjo Valve
1”

ARC-VIEW

Total

$4000

$500

$400

$1500

$6900




Conclusions

> It IS possible to limit the disposal of
material to only a designated area.

> GIS package reguires some training to be
used.

> Variety of maps can be obtained free
through internet.

> It IS possible to control a valve with the
output from a Viper.




BICSYSTEMS &
AGRICULTURAL

Joe Dvorak
Vania Pradipta

Cheau Lin Chali

Developing innovative solutions to protect the world we live on
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Problem Statement
Our problem statement is to design a system that prevents liquid waste disposal in

unauthorized sites and to prove the waste was disposed in authorized sites.

Statement of Work

This project involves developing a system to help oil well disposal contractors
properly deal with oil well waste products. This project must be part of an effort to solve
a system-wide problem. The full solution to the issue must assist contractors from when
they first are informed of the well site location to logging of the final disposal site. Many
steps are involved in this task. The system developed will involve many different people
and must be understandable by every one of these people. In the end, a system must be
designed that prevents liquid waste disposal in unauthorized sites and to prove the waste

was disposed in allowable sites.

Figure 1-Oil Drilling Rig

The proposed system begins when the drilling contractor hires the disposal
contractor to remove the drilling fluid waste and informs him of the location of the

proposed well. The disposal contractor types the well location into the computer program



created by the project, which is installed at home office. The program will then show the
disposal contractor eligible locations for a disposal site. To determine these eligible
locations for disposal, the program must consider topographical, soil type, land
ownership, and watershed information. The allowed combinations of soil type and
typographical areas will change depending on the location within the state, and the
program must know all of these permitted types in each area. The contractor selects a
site and contacts the owner of the land for preliminary approval. Once this approval has
been granted, the permitter for the disposal company writes up a permit for this location
and sends this to the Oklahoma Corporation Commission. After having the permit
certified, the people in the home office send this information out to the supervisor in the

field.

.....

Figure 2-Disposal Truck

The supervisor in the field then takes over the process. When a truck is ready to
deploy, the supervisor will call the home office and relay the well site location and truck

ID to the home office. They then send disposal area information over the Qualcomm



network to the truck. The driver then identifies himself to the software in the truck. This
creates a log entry in the data log in the truck. The equipment on the truck tells the driver
when to go to get to the disposal site. The driver follows the driving instructions to the
site. When he gets there, he hits a button to open the valve on the truck. The program on
the truck uses data from a GPS receiver to check to make sure that the truck is within the
designated disposal area. If the truck is within the allowed area, the valve opens and the
driver is allowed to spread the drilling waste. The program on the truck logs the position
and time when the valve was opened and continues to log both position and time until the
driver closes the valve. The driver is allowed to open the valve again if he is still in the
designated area; otherwise the valve will still remain closed. Also, whenever the valve is
open, the truck is required to be in motion or the program will close the valve again.
When the driver has finished disposing of the drilling fluids, he hits a “job done” button.
This closes the log and sends the information back to the home office. The valve will
also lock at this point and can not be opened until the truck returns to the supervisor. The
truck is then ready to be refilled and restart the process.

The data logs from the trucks are stored at the home office. A program at the
home office allows the people there to easily pull up a map showing all the disposal
information. This information can be filtered by date and location to enable anyone to
easily understand exactly where the fluids were applied. This system must present the
information in an easy to use manner since it could be used by untrained personnel to
prove proper disposal in courts. This step concludes the process that we are proposing.

Several considerations must be taken into account at the system level. The system

needs to be tamperproof, so that the information it gathers can be trusted. It must be easy



to use, especially where it interfaces with the driver since this person is most likely
untrained. The design must not break down often, since the contractor will be relying on
it to handle the entire process of his business. All parts of the system must be accurate
and properly communicate with each other. This project has many aspects that must be

solved, but offers a great benefit to society when it is implemented.

Patent Information

B3E has researched patents on a wide variety of topics, given the large scope of
this project. When researching patents for waste disposal valve, we found a patent in
waste disposal monitoring system, United States Patent # 4,549,570. The system
involves a valve that monitors the flow of fluid waste to a reservoir. It also includes
density circuitry, level detector circuitry, counter, and counter delay circuitry. All of
these are placed in the reservoir and not in the truck. Therefore, B3E does not foresee
any complications with our project.

When researching patents related to finding direction to the disposal sites, we
found patent # 6,784,832. This patent is for an in-vehicle information system. It covers
giving direction based on GPS data and determining route for the vehicle. Therefore,

B3E would most likely need to purchase a direction system.

Engineering Specifications
B3E will only plan on designing the parts in the truck. We probably do not have
the time to create a GIS software package. B3E will make sure that the truck will

communicate with the GIS software.



B3E has created a list of requirements for the controller based on our
understanding of the problem with which we are faced. The following are the
requirements that we have for the controller:

e Has a method for electronic identification of the driver
e Receives area data and well site data in an electronic form (Qualcomm?)
o Area data is a polygon created by GPS lat/long points in a text format-Use
NMEA 0183 for GPS format
o Well site data will be a single GPS location
e Optional: Receives driver directions in an electronic form
o Directions will be text in English only
e Box informs driver when vehicle is within the designated area
e Receives input from a switch to open valve
e Tests to determine whether valve is allowed to be opened
o Tests current location to ensure vehicle is within designated area
o Tests to ensure that the vehicle is moving (Does not have to be accurate)
o Will close valve if either test fails or the close valve button is pressed
e Receives input from a switch to close valve
e Box informs driver if valve is open
e Box informs driver if vehicle is not detected as moving
e Box must receive input from job done switch
e Box must store log data

o Begins when either driver identifies himself or truck receives area data



o Ends when job done switch is pushed. If this switch isn’t pushed, it

doesn’t send the valve closed log data back to the home office and cannot

take a new job.

e Box finishes log when job done button is pushed

e Box will not open valve after log is closed

e Box will only receive new data after job done button is pushed.

Truck is Ready

A 4

Supervisor Calls the Home Office

A 4
Home Office Sends:
-Directions
-Disposal Area Information

A 4

Driver Logs In

A 4

Truck

Data Log
Starts

e

Driver Proceeds to the Disposal

Area

A 4

Log Records

Driver Turns on Valve

A 4

Controller Ensures Truck is

Moving and in Area

Driver Closes Valve

Position Every 5
Secs

A 4

A 4

Driver Pushes Job Done
Button

A 4

Lock Valve Closed & Send
Log Data Back to Home
Office

Figure 3.-Diagram of Application Process




Log consists of:
1. Truck ID-Stored in memory when “the box” is installed
2. Driver ID-Stored in memory when driver identifies self.
o Is erased when “the box™ is turned off because this would make it cheaper
3. Well Site Location-is receives with area location
o Used only for that run
4. Valid area — received electronically
o Used only for that run
5. Time information — when driver identifies self
o When area and well site is received
6. Records position and time when valve is open
7. Continues recording this information periodically (~1 sec)
8. Records valve closing and why. (Which test failed or switch was used)
9. Optional: Amount disposed — Recorded at well site location
o Used only for that run

10. Records any over-rides used

Generation of Design Concepts

B3E created four proposals for the design of the controller. Two of the designs
call for B3E to develop a custom controller. The other two designs use off-the-shelf
controllers. The main difference between the designs is that the off-the-shelf controllers
have the ability to display moving maps to help the driver find the designated area.

However, these controllers are not able to complete all of the tasks listed in the



requirements for the controller. To use a moving map display means that we will not be

able to implement all of the tests and controls that we had intended for this system.

The following is the description detailing the two controllers that we will build ourselves:

Custom Controller Type 1 (Simple System):

No driving directions — Assume that they will be printed with a map showing location

No way to enter amount to dispose — This will be recorded at home office when the

request for a disposal area is made.

5 Lights

Valve open

Inside of Area

Vehicle Moving

Power

Log closed light/Ready for new run information

3 Buttons

Toggle switch for open/close valve

Job done button — The button will be cover switch or some other method to
prevent accidental activation.

Power Switch

Over-rides provided by either special driver identification or through Qualcomm

Custom Controller Type 2: give driving directions (optional: enter the amount disposed)

Receives driving directions through Qualcomm.

Contains:
1. Screen: -display the directions to the disposal area
-display the amount disposed (optional)
2. Lights (5): -indicates valve open/closed
-indicates whether the truck is within the correct area
-indicates whether the truck is in motion
-indicates that the log is closed and ready for a new run
-indicates that the power is on
3. Buttons (6): -toggle switch for opening/closing the valve
-“job done” button
-power switch



-switch to navigate between the options and to move the
cursor

-switch to change the digits

-enter/exit button (toggle switch)

Override method: by entering the password of the driver in an over-ride screen on
the controller (one of the menu choices).

The off-the-shelf controllers will use the systems that they have already created in their

operation.

Feasibility Evaluation of Possible Designs

All controllers need a GPS receiver, so this has not been included in the price quoted

Build our own controller:

Type 1-Very Simple (5 lights and 3 buttons on text display):

Cost: $25,000 in development costs for the first one (Dr. Stone, BAE Professor)

Strengths:

Simple-Easy to use. Very little training required for the driver.

Contains just the features necessary.

Tests to ensure the vehicle is moving and is within the designated area.

Can be integrated with Qualcomm or other wireless data transfer systems

The lights will clearly display the current state of the controller and any errors

No need to read English to operate.

Weaknesses:

No map or directions to tell driver where to go (Assume that this can be created
using the GIS software in the home office. They will save the map as a jpeg and

email it to supervisor who will print it on-site and give to the driver)

10



e No ability to type in a password directly into the controller to over-ride. (Assume
the driver can call into the home office, and they will send an over-ride through
the Qualcomm network.)

e No ability to type the amount for each disposal run into the controller to add to the
log file. (This must be reported to the home office when asking for them to send
the application area to the controller. They can then add this to the log file at the

home office at the end.)

Type 2-Simple (4 Line Text Display Screen, 5 Lights, 6 Buttons)

Cost: $50,000 in development costs for the first one (Dr. Stone, BAE Professor)
Strengths:

e Simple-Easy to use. Very little training required for the driver.

e Contains just the features necessary.

e Tests to ensure the vehicle is moving and is within the designated area.

e Can be integrated with Qualcomm or other wireless data transfer systems

e The lights will clearly display the current state of the controller and any errors

e Gives driver directions in text format (These need to be created by the people in

the home office when designating the area to which to apply.)

e Over-ride password can be typed into the controller by driver

e Amount that is to be disposed can be entered into the controller on-site.
Weaknesses:

e No map to tell the driver the shape of the designated area. (Once again this can be

created at the home office and printed on-site to be given to the driver)

11



e Must be able to read English to read directions

Off-the-shelf controllers:

Using Mid-Tech Controller:

Cost:
e Entire system without GPS receiver $11,000
Strengths:
e Displays map of designated area on color screen
e Can receive shape files directly from the GIS package
e It will print out log data in a job report format
Weaknesses:
e Driver can just turn off the prescription map of designated area.
e Logging is not automatic
e Not designed to direct driver to the designated application site, but maps can be
loaded to show the landmarks to find the area.
e Complicated-Large number of menus to navigate and setup.

e Must be able to speak English and have some basic computer knowledge

Using Trimble Controller:

Cost:
e Trimble AgGPS 170—$6750
e Controller—about $1000

e Total at least $8000

12



Strengths:

e Is designed to help the driver find the site when background maps are loaded for
the area. Guidance system will direct driver to the site.

e Maps are displayed on a color screen

e Complete logging of application data—including driver information.

e ESRI ArcExplorer version 2 is included with the AQGPS 170. (This is software
for the office computer that is used to make the maps of the areas and record the
data applications)

e Can receive shape files directly from the GIS package

e Somewhat simple for the driver to use—We can remove the unnecessary menu
options, so the driver only sees the ones needed to do his job.

Weaknesses:
e Cannot prevent the driver from turning off the prescription map
e Can only communicate through a flash card

e Must be able to speak English and have some basic computer knowledge

13



Table 1.-Comparison of Controller Designs

Controller Type

Strengths

Weaknesses

» Simple—Easy to use » No map or
» Test to ensure the vehicle directions
is moving and in » No ability for the
“Very Simple”Custom designa'ged area _ dr_iver to over-ride
Controller > an be integrated with with p_a;swords
wireless data transfer > No ability to record
systems disposal amount
> No need to read English locally
to operate
» Simple—Easy to use » No map
» Test to ensure the vehicle » Must be able to read
IS moving and in English to
“Simple” Custom designated area understand the
Controller » Can be integrated with directions
wireless data transfer
systems
» Gives driving directions
> Display maps on color » Driver can just turn
screen off the designated
» Can receive shape files area control
directly » Must use flash card
Midtech Legacy 6000 » Will print out log data in for communication
a job report format » Complicated
» Must be able to read
English and have
basic computer
skills
» Display maps on color > Driver can just turn
screen off the designated
» Can receive shape files area control
directly » Must use flash card
» Guidance system to help for communication
Trimble AgGPS 170 find the designated site » Still more
» Can create more simple complicated than

menus

basic systems

» Must be able to read
English and have
basic computer
skills

14




Determination of Suitable Designs in the Fall Semester

The proposed designs were sent to Joe Hamilton for review. He decided that the
project should continue with the Trimble design. The facilities for creating a controller
from scratch were currently busy with many other projects. The Trimble controller also

provided the most features for its cost.

Determination of the Final Design

At the end of the final semester, we had decided on the Trimble AgGPS Field
Computer to handle our maps. We waited for a couple of months trying to purchase this
unit. We were not able to obtain it, so we started looking at alternatives. At the same
time, we realized that the single rate controllers we had been hoping to use would not
work. All of these controllers relied on a flow meter to maintain a constant rate. The
drilling mud that we would be pumping through the lines would destroy a flow meter
quickly. We realized that it would be necessary to build our own controller to just turn
on and off a valve. This meant that we could look at field computers that we had
previously disqualified because they did not support many controllers.

After looking at the field computers again, the Raven Viper stood out. This unit
was significantly cheaper than most other field computers but only supported controllers
made by Raven. Raven was one of the few companies to provide the communication
strings that operated its controllers, so we had already decided that it would be best to use
these communication strings in our custom design. The Raven Viper was easily available

and we were able to start using it soon after we made the decision to purchase it.
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The controller was constructed with a PIC micro controller from Microchip. A
prototype board from CCS was used. The 16F877A Mini-proto board provided a power
supply, a RS232 output, and an easy to connect to header to provide access to all of the
pins on the chip. The CCS PIC-C complier was used to write the program for the chip.
The reason this products were used was that the team was familiar with the products from
class work. A final design of the system should not rely on these parts as they are only
designed for prototype use.

We decided to use ArcView because it is considered cheap among other GIS
package and it is the most widely used in this area. In addition, ArcView is available in
BAE computer lab. Furthermore, one of the BAE staff is an expert in using ArcView and

he is willing to share his knowledge to us.

Design of the Viper and Controller System

The custom controller takes the information from the Raven Viper and uses it to
control a valve. The Viper puts out messages that tell the controller if the valve is
allowed to be open. The controller also tells the Viper if the valve is open or closed. The
Viper logs this information and creates reports indicating exactly where the material was
applied. The operator also has a switch which must be on for the valve to be open. This
allows the operator to turn off the dispensing of the material at any time.

The messages from the Viper are sent by a RS-232 serial connection. This
connection uses a hardware handshaking system normally. Since the micro controller
used in this project did not have this hardware, the handshaking lines were looped back to

themselves. Pins six and four, and pins seven and eight were connected by loops of wire.
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This meant that the Viper also saw the response it wanted and never halted the sending of
information. The Viper's messages and the controller’s response are included in
Appendix A. Notice that the Viper is setup as a Data Communications Equipment. This
means that the controller must be wired as a Data Terminal Equipment.

Another problem with the Viper is that it is possible to shut down its serial port
communications by sending too much data too fast. After experimenting with many
different timings, a setting was found that did not crash the Viper. Set the baud rate to
9600 with no parity, 8 data bits, and 1 stop bit. Then add a 100us delay between sending
each character. Unfortunately at this speed, the controller will miss communications
from the Viper unless it checks the incoming buffer after sending each character. With a
different compiler and micro controller setup this might not be necessary.

The value switch works by grounding a pin that is pulled high by a pull-up
resistor. This was the B0 pin on the PIC 16F877A which is the external interrupt. The
switch needs to be polled continuously or on an interrupt that will detect any change in its
status. The switch is considered on when the line is grounded through the switch. When
the switch is on, this allows the valve to be turned on if the Viper has sent a message
indicating that the vehicle is in the area designated by the prescription map. If the switch
is off, the valve needs to be shut off immediately. This could also be implemented by
running the output to the valve through the switch and leave out the micro controller
altogether.

The Banjo valve is operated by three wires. Two wires are ground and twelve
volt power. The third wire is switched. When twelve volts are on this line, the valve

opens. When this line is not powered, the valve closes. The valve requires about three
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amps on the switched line. Since the micro controller cannot handle that much current,
the micro controller switches this line through a 70-ODC DC output module from
Grayhill. These modules are optically isolated and can handle up to 3.5 amps. This
module was mounted in the 70RCK4 four-channel rack also from Grayhill to provide

terminals for the module.

Figure 4-Control Box Picture
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Figure 5-Wiring Schematic
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Implementation of Arc-View Design

Downloading Maps

The permitter needs to download some maps in order to determine the suitable area. The
maps are aerial photos, road maps, watershed maps, soil type maps, and township maps.

The maps are available online for free.

Determining Disposal Area

By using ArcView, the user can overlap aerial, road, and watershed maps. First, he/she
can locate the drilling site by looking at the map. Then, the user can find the nearest area
to dispose the liquid waste material. Besides watershed profile, the soil type map is also
used to decide whether the area is suitable for dumping the liquid waste material. After
that, the user can use the township map to determine the township, town section, and

owner of the land.

Creating Prescription Map
ArcView provides features to mark a disposal area, by drawing polygon around the area.
Then, the user can create a prescription map by editing the polygon’s table. Detailed

steps are provided in the user manual.
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Results

The Viper and the Control Box

The Viper seems to be a suitable field computer to use in this application. Itis
cheaper than others, and provides the necessary information to the controller. The
control box needs to be designed for a final product. The current system is just a
prototype to allow the validation of the design concept. This makes this system very
impractical for use in a commercial product. However, the system does do its job. The
valve is turned off when it is not in the zone allowed by the Viper and turns on when in
the zone and the valve switch is on.

There are several problems in the current prototype. The biggest problem is that
the program occasionally stops receiving characters from the Viper. This seems to be
either an error in prototyping board or with the complier. A function provided with the
compiler should check whether the UART buffer has any characters in it. Occasionally
this function is stuck reporting that no characters are available. The only way to return
the micro controller to operating status is to reset it. The connections on the prototype
are definitely not suitable for use in the field. Too much vibration will cause the power
and RS-232 cables to fall out of the board. The Grayhill module is convenient for design
purposes but is inefficient for use in a final design. A single board should be built to

combine all of these components without extra wiring.

Arc-View

We created prescription maps for an area besides BAE laboratory (parking lot).

Then, we transferred the best one to Raven Viper by using flash card. After that, we
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drove the testing vehicle to see whether the map was shown in the Raven Viper. The
map was shown as expected in the Raven Viper. It also had an icon showing current

position in relation to the prescription map.

Projected Budget

Trimble Unit $6,750.00

Fluid Controller ~$1,000.00
Miscellaneous ~$1,000.00
Total ~$9,000.00

Actual Budget to Implement this System

Raven Viper $4000
Controller Box $500
Banjo Valve 17 $400
ARC-VIEW $1500
Total $6400
Conclusion

The use of GIS information to control the application of hazardous materials is
very possible. Much information is available for free on the Internet. It may take some
training to be able to use all of this information, but once learned, it makes looking at

maps for decision making very easy. Once a decision has been made, the prescription
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map can be created following the instructions we have given. This prescription map is
transferred to the Viper. The Viper allows the use of technology that has already been
proven in precision farming to be used for this new task. The custom controller box
allows the use of the Viper without the usually required flow meter. This enables our
process to be used for the much simpler task of on or off control that is not usually an
option on precision farming techniques but is valuable in controlling the disposal of

hazardous materials. The Viper also provides a proven system for the record keeping.

All of these features make this system a viable way to control the placement of hazardous

liquid waste.
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Appendix A. Viper-Controller Communication

Strings from the Viper

$R,TD This is a request for the controller to send a Time string

$R,CR This is a request for the controller to send its Calibration strings
$R,DR This is a request for the controller to send its Data strings
$R,TA Unknown use, respond with the actual rate.

$R,RC,xxxx This is a rate change request. The xxxx will be replaced by a number
indicating the requested rate.

Strings to the Viper

The italicized variable open is set to 1 when the valve is open and to 0 when the valve is
closed.

$R123K,AR,open\r\n Returns the actual rate to the Viper. This message is sent
about every 2.5 seconds and in response to the rate change
request and the unknown TA message.

$R123K,C1,10000001,00010001,100,0,0,785\r\n  These are the calibration

$R123K,C2,720\r\n strings for the controller.

$R123K,C3,0743,0pen,0\r\n These are guessed values
based on information in Appendix 10
of the Raven SCS 440 manual. It
should tell the Viper that only boom 1
is in use and that the console is setup
with a fast valve to enable zero rates.
| suspect that there is an error in these
strings since the Viper will not send a
zero rate to the controller.

$R123K,D1,1,1\r\n These are the data strings. They should contain

information

$R123K,D2,1,1\r\n about the areas, volumes, and distances covered. The Viper

$R123K,D3,1,1\r\n appears to ignore these numbers so they are all set to 1.

BAD COMMAND This is not supported by the Viper, but it indicates that the
controller did not properly receive the last string from the
Viper.

BAD LOGIC This should never be seen unless the program running the

controller has become corrupted.
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Connection Between the Viper and Controller

The Viper is Data Communications Equipment, and the controller is wired as a
Data Terminal Equipment. The hardware handshaking is looped back to the Viper so that
it always sees that the controller is ready to receive.

Connection between the Viper

1 and the controller

s -

bl I Transmit Data to Viper
O__3—|

°T= Receive Data from Viper
o] P

T
o -

] Ground

Figure 6.-Viper/Controller Connection
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Appendix B. Instructions to Setup and Operate the Viper with the Controller
Installation of the Control Box

Power Connection

The Power for the box is connected to the switched power supply from the Viper.
This is the orange wire from the Viper. This only provides the box power when the Viper
is on. This prevents the box from draining battery power when it is not in use and makes
sure that it is on any time it may need to be used. The power connector is the two pin
Deutsch Connector. The polarity must be correct or severe damage will occur. The
wires on the inside are colored red for positive and black for ground. Ensure that the

power connector lines up properly.

Valve on/off Switch

This is the top two pins of the four pin Deutsch Connector. The switch needs to
connect the two wires when the user wants to allow the valve to be on. The black wire is
a ground. The other wire is only connected to ground when the switch is in the on

position.

Valve Connection
The valve is connected by the three pin round Deutsch Connector. This pin
provides power on the red and black wires to the valve. The third wire is controlled

through the relay to open and close the valve.

Viper Connection
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This is a DB9 (nine pin) connection. Plug the line labeled Console from the Viper

into this connector.

Viper Setup

Follow the directions given in the Viper manual.

During the product control setup, the Viper will ask for the controller to be used.
For the console, chose the SCS 440. This is the console that the controller in the box tries
to emulate.

On the serial port setup or commport setup, depending on the version of Viper, for

the console connection chose:

Baud: 9600
Parity: None
Stop bits: 1
Data bits: 8

Since the controller only changes one valve, the number of booms should be set to

1. The section width should be the length of this boom.

Running the Viper and the Controller

The prescription map created in ARC-VIEW must be placed in the correct
directory on the Viper’s flash card. This should be the Rx Map directory, but the Viper
manual has more information in its appendix on creating prescription maps. To start the
application process, the driver needs to follow the instructions to start a job. These are

listed in the Viper manual with color pictures showing the menus that should be used.
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Since the actual method varies depending on the version of the Viper that is being used,
we will leave the specific steps out of this report. Instead, refer the manual that
corresponds with the version that is being used. During the process of starting a job,
several decisions must be made. The operator needs to pick the option to turn on variable
rate application and to record the application data. To enable the variable rate
application, the driver will need to select the prescription map that the permitter has
created and placed on the Viper’s flash card. The driver will need to select the product
that is being varied from the prescription map. This product has been named DRILLING
in all of our examples. These choices should let the driver start the application process.
Once the application is finished, follow the directions to close the job. The Raven will
then record the information to the Flash disk for later transfer to a computer for

permanent filing.
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Appendix C. Source Code for the PIC 16F877A with CCS compiler

/I the pretend SCS 440

#include <16F877a.h>

#use delay(clock=20000000)

#fuses HS,NOWDT

#use rs232(baud=9600,parity=N,xmit=PIN_C6,rcv=PIN_C7)

#define TIME_TO_DELAY 100 //time to delay between character sends in us.

int typelnput(char *viperString);
void answerViper(int kind);

int rateChange(char *ratelnfo);
int get_raven(char *viperstring, int maxlength);
intl  open;

int count;

intl  allowOpen;

char activeArray[50];

int arraySend;

intl something_to_send,

intl two_part_message;

intl current_signal,

#int_timerl
[*This timer interrupts about every 100ms. It counts for 25 interrupts to reach
every 2.5 seconds. The first action of this timer is too send a message indicating the
actual rate to the Viper. It then checks the variable current_signal. Current_signal
IS set every time Viper receives a new rate from the Viper. If a new message has not
been
received in the 2.5 seconds, it turns off the valve. This is what closes the valve usually
since the Viper does not always send zero rates.*/
clock_isr() {

if(++count > 25)

{

answerViper(1);

if(current_signal)

current_signal = 0;

}

else

{
output_high(PIN_CO0);
open =0;

allowOpen = 0;

}
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count =0;

}

/[The following interrupt handles the manual open/close value switch
//The external interrupt on pin BO requires that the type of edge that
/ltriggers the the interrupt be set. Since | want to capture both
/lthis interrupt service routine changes the trigger depending on the
/[state of the switch after the interrupt
#int EXT
EXT _isr()
{

delay_ms(10); //debounce the button

if(input(PIN_BO0) == 0)
{
ext_int_edge(L_TO_H);
if(allowOpen == 1)
{
output_low(PIN_CO0);
open =1,
¥

}
else

{
ext_int_edge(H_TO_L);

output_high(PIN_CO0);
open =0;

¥

void main(void)
{
char fromViper[20];
int type; //type = 0 for unknown
/ltype = 1 for rate change
Iltype = 2 for calibration string request
Iltype = 3 for data string request
[ltype = 4 for time request
Iltype =5 for actual rate request (TA?)
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intl good=0;

open =0;

count = 0;
allowOpen = 0;
arraySend = 0;
something_to_send = 0;
two_part_message = 0;

if(input(PIN_BO) == 1) //set the condition for the initial external interrupt
{
ext_int_edge(H_TO_L);
}
else
{
ext_int_edge(L_TO_H);
}

setup_timer_1( T1_INTERNAL | T1_DIV_BY_8);
enable_interrupts(INT_TIMERL);
enable_interrupts(INT_EXT);
enable_interrupts(GLOBAL);

while(TRUE)
{

[*This first section calls the function that records the string from

the viper. This function returns a 0 if the string was not properly
recorded. A zero makes the program start over on reading from the viper
and prevents the rest of the program from operating on a bad string*/

do

{
good=get_raven(fromViper,20);

if(!good){
output_low(PIN_B5);} //turn on the red led if the message is bad
Jwhile(!good);

output_high(PIN_B5); //turn off the red led if the message is good
output_low(PIN_Ab); //turn on the green led if the message is good

type = typeinput(fromViper); //calls a function to determine the request
type

if(type == 1) //if the request was for a rate change, determine the
{ /lrequested rate
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¥

allowOpen = ratechange(fromViper);
current_signal = 1;

ky

/*Opens the valve if both the manual switch and the rate from the raven
are requesting that the valve be open*/
if(input(PIN_BO) == 0 && allowOpen == 1)

{
output_low(PIN_CO0);
open =1,
}

else

{
output_high(PIN_CO0);
open = 0;

¥

/*Send the required reponse back to the viper*/
answerViper(type);

output_high(PIN_A5); //turn off the yellow led

output_high(PIN_B4); //turn off the green led

¥

int typelnput(char *viperString)

[*This function checks the message type from the Viper and returns a value based on that
type.*/

inti=0;
while(viperString[i]!=",")

i++;

_ }

i++;

if(viperString[i] == 'R' && viperString[(i+1)] =='C")
return 1; /Irate change

if(viperString[i] == 'C' && viperString[(i+1)] == 'R)
return 2; /[calibration string request

if(viperString[i] == 'D' && viperString[(i+1)] == 'R’)
return 3; /[data string request\r\n

if(viperString[i] == 'T' && viperString[(i+1)] == 'R’)
return 4; [ltime request

if(viperString[i] == 'T' && viperString[(i+1)] =="A")
return 5; /lactual rate request?
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return 0;  //do not know the type of request

}

void answerViper(int kind)

{

[*The activeArray is the string that currently needs to be sent to the Viper. This function
loads the proper string into activeArray depending on the type of message that the Viper
sent. The first part of the function checks that the controller is not currently in the middle
of sending a string. If it is, it sends the old message quickly before replacing the
activeArray.*/

[*The compiler does not allow strings beyond a certain length, so the calibration strings
must be sent in two parts. The second part of the calibration string depends on if the
valve is open or not so that is tested for before loading the second part of the string. If
the string has completed it changes the variables to indicate that.*/

while(something_to_send || two_part_message)
{
putc(activeArray[arraySend++]);
if(activeArray[arraySend] == 0)
{
if(two_part_message)
{
if(open)

{
strcpy(activeArray, "$R123K,C2,720\r\n$R123K,C3,0743,1,0\r\n");

else

{
strcpy(activeArray, "$R123K,C2,720\r\n$R123K,C3,0743,0,0\r\n");

¥

two_part_message = 0;
arraySend = 0;
}

else
{
something_to_send = 0;
}

¥

delay _us(TIME_TO_DELAY);

ky

something_to_send =1,
arraySend = 0;
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switch(kind)

{
case 0:
strcpy(activeArray, "BAD COMMAND\\n");
break;
case 1:
if(open)
{strcpy(activeArray, "$R123K,AR,1\r\n");}
else
{strcpy(activeArray, "$R123K,AR,0\r\n");}
break;
case 2:

two_part_message = 1;
strcpy(activeArray, "$R123K,C1,10000001,00010001,100,0,0,785\r\n");

break;
case 3:
strcpy(activeArray, "$R123K,D1,1,1\r\n$R123K,D2,1,1\r'\n$R123K,D3,1,1\r\n");
break;
case 4:
strcpy(activeArray, "$R123K,TD,17:00,03/01/2005,1\r\n");
break;
case 5:
if(open)
{strcpy(activeArray, "$R123K,AR,1\r\n");}
else
{strcpy(activeArray, "$R123K,AR,0\r\n");}
break;
default:
strcpy(activeArray, "BAD LOGIC\r\n");
}

¥

int rateChange(char *ratelnfo)

/*This function returns the rate requested by the Viper in the
rate change request string*/

inti=0;
int comma_count = 0;
for(comma_count = 0; comma_count < 2; comma_count++)

while(rateInfo[i]!=",") //advance the string to the second comma



i++;

i++;
k

[*This section reads the rate information. If any digit is a non-zero in
the rate number, it returns a one to turn on the valve. Otherwise the
while loop will end and the function will return a zero.*/
while(ratelnfo[i] >="'0' && ratelnfo[i] <="'9")
{
if(ratelnfo[i] !1="0")
{

return 1;

¥
i++;

ky

return O;

¥

int get_raven(char *viperOutput, int maxlength)

{

int len=0;

char c;

[*The following do...while loop continues until a $ is received from the Viper.
The $ is the start of a message from the Viper. This prevents the controller from
starting the recording in the wrong place.*/

do

[*The function kbhit returns a one if there is a character received and waiting in the
UART buffer. This loop therefore continues until a character is received.*/
while('kbhit())
{
if(something_to_send) //check if there is anything to send
{
putc(activeArray[arraySend++]); //send one character from the activeArray
if(activeArray[arraySend] == 0) //check for the end of the activeArray
{

if(two_part_message) //if the message has two parts, load the second.

{
if(open)

{
strcpy(activeArray, "$R123K,C2,720\r\n$R123K,C3,0743,1,0\r\n");
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else

{
strcpy(activeArray, "$R123K,C2,720\r\n$R123K,C3,0743,0,0\r\n");

two_part_message = 0;
arraySend = 0;
¥

else

{

something_to_send = 0;

¥
¥

delay _us(TIME_TO_DELAY); //wait for the TIME_TO_DELAY to prevent from

overloading

¥

ks
¢ = getc();

/lthe Viper's serial communications and shutting it down.

while(c '="$"); //only start recording a string if the start
/Icharacter of $ was received.

[*The function kbhit returns a one if there is a character received and waiting in the
UART buffer. This loop therefore continues until a character is received.*/
while(!kbhit())
{

if(something_to_send) //check if there is anything to send
{
putc(activeArray[arraySend++]); //send one character from the activeArray
if(activeArray[arraySend] == 0) //check for the end of the activeArray
{
if(two_part_message)
{
if(open)
{
strcpy(activeArray, "$R123K,C2,720\r\n$R123K,C3,0743,1,0\r\n");

ks

else

{
strcpy(activeArray, "$R123K,C2,720\r\n$R123K,C3,0743,0,0\r\n");

}
two_part_message = 0;
arraySend = 0;
}

else

{
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something_to_send = 0;

}

}
delay_us(TIME_TO_DELAY);//wait for the TIME_TO_DELAY to prevent from

overloading

¥
¥

c=getc(); //get the first letter after the $

[lthe Viper's serial communications and shutting it down.

output_low(PIN_B4); //turn on the yellow LED to show that the recording of a
message has started.

--maxlength; //subtract one from the length of the string to leave room for the null
character.

[*This do...while loop records the string until either a new line is received or the string
is full. It also outputs messages when it is not receiving the message. If it recieves an
invalid character or reaches the end of the message, it returns a 0 indicating that the
message was not received properly.*/

do {

if ((c<=")ll(c>="~)ll(c=="$))
return 0; //return not good if not an alphanumeric or if another $ is reached
if('(len<maxlength))
return 0; //return not good if max length of the string is reached
viperOutput[len]=c;
len++;

[*The function kbhit returns a one if there is a character received and waiting in the
UART buffer. This loop therefore continues until a character is received.*/
while(kbhit())
{

if(something_to_send) //check if there is anything to send

{

putc(activeArray[arraySend++]); //send one character from the activeArray
if(activeArray[arraySend] == 0) //check for the end of the activeArray

{
if(two_part_message)
{
if(open)
{
strcpy(activeArray, "$R123K,C2,720\r\n$R123K,C3,0743,1,0\r\n");

ky

else

{
strcpy(activeArray, "$R123K,C2,720\r\n$R123K,C3,0743,0,0\r\n");
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}
two_part_message = 0;
arraySend = 0;
}
else
{
something_to_send = 0;
}

¥
delay us(TIME_TO_DELAY);//wait for the TIME_TO_DELAY to prevent from

overloading

¥
¥

c=getc();

} while(c!=13); /Istop creating string when a new line is received

viperOutput[len]=0; //add the null character to indicate the end of the string
return 1; /Istring was recorded correctly

¥

/lthe Viper's serial communications and shutting it down.
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Appendix D. ArcView Manual

I. STARTING ARCVIEW

e Open ArcView program

e The window below will pop up

& Welcome to ArcView GIS

x|

Create a new project

)

i |

<> " as ablank project
or

-

=  Open an existing project

¥ Shiow this window when AncView GIS starts

ak. | Cancel

e Select ‘with new View’

e C(Click “OK” and ArcView will show this window

9 ‘wiould you like to add data to the View now?

e

e C(Click “No”
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1. ACTIVATE EXTENSIONS

e Click “File” and select “Extensions”
l0ix

Edit “iew Iheme [Graphics Window Help

Close

Closs &l

Set Working Directary...
Save Project Chil+5
Save Project As..

Erint...
Frint Setup...
Expoart..

Manage Data Sources...

=

Dizplays the Extensions dislog

Eit

L
()

e Check the extensions that you need (MrSID Image Support, Projector!, Spatial
analyst, XTools 9/15/03)

#2 Extensions 5[

Awvailable Extensions:

| ModelBuilder =l oK ]
ﬂ M50 Image Suppaort
Cancel |
_ | Multi-Theme Auto-Labeler
_ | Mamed Extents J
| MNeatline Reset |
_ | NITF Image Support I Make Default
_| ODEBCEdit LI
Abot:

e When you select XTools, this window will pop up

XTOOLS PEFAULTS

1. Specify the map units of your data T ~ |
2. Specify the desired output map urits: [Feat =1
3 Specify the desited default View distance urits: Feat =1
4. Specily the desired urits for area autputs: [EBothAcies and Hectares =]
5. Always convent overlay [CLIF, INTERSECT, etc:) No ~

output shapes to single part.?

6. Always calculate Area, Perimeter, Acres Yes ~
(Hectares), Length?

7. DoNOT show View Properties and T ools Defaults when r
creating a new View.

8. Do NOT show the XTools Detaults Dislog wher the XTaols r
Estension loads.

9 Set Projection Help | Save Defaults Close

WIEW DEFAULT PROJECTION NOT SET.

e Click Close
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Il ADDING THEME TO ARCVIEW

e C(Click “View” and select “Add Theme”

il ArcView GIS 3 Ol =]
File  Edit Theme Analysis Suface Graphics ®Todls  window Help
Froperties. ..

&dd Theme...  Cirl+T

[Heocode Addiesses
Add Event Theme...
Hew Theme...
Themes On
Themes Off

Laymut:
TOC Style.

Full Egtent
Zoom [
Zoanm Dk

Zoom To Themes

L
()

Inserts ther

Zoom ToGelected

e This window will pop up, so select the directory of the map

zl
Directon: i oK.
- = o - c
ancel
= esi
= av_gis30
£ 3d
£ arcview & Directories
£ dbaccess  Libraries
hd ) ia data Jid|
Data Source Types: Drives:
[Feature Data Source =] e x|

A. Adding Road Maps

o Select the directory and set the data source type to be “Feature Data Source”

=
Directory: | uhsrrdsgnib3ebarcview oK. |
E tgrd0113kgl shp Al [E=uw - Cancel |
B tgrd0119lka.shp = sridsgn
B tgrd0119kb.shp [= b3e
B tgrd0119lke. shp
B tgrdd19kd. shp J 3 lincoln
B tord0n 150k .shp 3 logan & Directaries
[ tgrdi19kh. shp 3 pawnee 0 (Lt
B tard0119Ict sho ﬂ 71 sail LI
D ata Souice Types: Diives:
| Feature Data Source x| [u Wbicen-fs0dhugrad ]|




e Check on the legend and the map will be shown

-i0ix

Eile Edit Yiew TIheme Analpsis Suface ﬁraphlcs #Toolz  “Window Help

I # I@I III ERE

970.50
] Tgrd0119kashp L&

399353736 T

o
s iat:
il
:_‘{LH T

ol

B. Adding Aerial Maps

e Select the directory and set the data source type to be “Image Data Source”

x

Diirectory: |u:\snrdsgn\b3&\custer counly oK. |
B naipl-1_ok033_2003.5id | =t = Cancel |
= sridsgn

[= b3e

& Ditectories
 Libraries

D ata Souice Types: Diives:
i | u Wbioen-fsO04vugrad ]|

e Check on the legend and the map will be shown

ol

File Edit View TIheme Analysis Surface ﬁlaphlcs XTools Window Help

B ¥ F=EE .@. AR F
ENNECIO cale1|_om1's— i e

il Naip1-1_on119_2oﬁ“ TSI TERIN

ol




C. Adding Watershed Maps

e Select the directory and set the data source type to be “Feature Data Source”

ﬂ
Diirectory: | utsrrdegnib3etbasinghousterh 11090201 oK. |
okppl.shp ;I = uh - Cancel |
pcs.shp = sridsgn

= b3e
[= basins
st.shp = custer
statzgo.shp J & Directories
i ghy landuze e
lxnnlihn ﬂ E wiaobs LI  Horaies
[ ata Souce Types: Dirives:
| Feature Data Source B3| | u “hbioen-fs04hugrad =]

e Check on the legend and the map will be shown
i Arcview GIS 3.2 o ] 4
Ele Edit Miew TIheme Analpsic Suface [Graphics XTools Window Help

]

635,323 55
3,396.363.53

ol

D. Adding Soil Type Maps

e Select the directory and set the data source type to be “Grid Data Source”

& Add Theme x|

Diirectony: |u:\snrdsgn\bBe\miads\albers oK. |
= uh - C

ancel |
[= sridsgn

& it a B> ble
= miads
£ infa & Directories
 Libraries
-
D ata Souce Types: Dirives:

| Giid D ata Source >l [u Wbicen-fs0dugrad 4|




e Check on the legend and the map will be shown

i Arcview GIS 3.2 i [m] e

Ele Edit Miew TIheme Analpsic Suface [Graphics XTools Window Help

El I B FF X S FEEEE

BE7.107.24 ++
eale 1:11,254,247 1 BRg196 0 3

ﬂ Soill_a sl

[ 12200 - 24672

4

For soil type map, we can select the desired classification by:

e Change the legend type to be “Unique Value” as shown in the following window

=10l x|
Theme: | Saill_a ]| Lioad... |
Legend Type: | Graduated Color B3 Save. |
Graduated Colar = Diefault |

nigque

Clagzification F[— Classify... |
MHarmalize by: [

Symbaol = [abel

[ 1 i 11m-12889 1101 - 12889 -

[ ] i 12290- 24678 12890 - 24678

[ ] i 24579- 36455 24679 - 36466

L] i 36467 - 48255 6467 - 48255

B #0256 - 60043 48256 - 60043

B o044 - 71832 BO044 - 71832

B 19303620 71833 - 83620 LI
Colar Framps: | Red monochromatic =l

ddvanced. . | Statistics. . I [ | Apply I
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#2 Legend Editor

_|o x|
Theme:; |5.;.i|‘| & =] Lioad... |
Legend Type: | Urigue Yalue =l Save... |

Drefault |
YWalues Field: | <hones ]
buid =
Comphame
Symbol Count
D Hodan =
Shrinkzv
gﬁﬁ| %j *%|
Calor Sehemes: | Bourtiful Harvest =l
Advanced... I Statistics... I Wrda I Apply I
e Check on the legend and the map will be shown
-ioix
Eile

Edit  ¥iew Theme Analysis Swface Graphics ®Tools

I I EEE #EIX) III@@.

window Help

Select the desirable value field (the window shows when we want our map
showing the soil texture)
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IV. OVERLAP AERIAL MAP AND ROAD MAP
e Add aerial map as described in section I11-B

e Add road map as described in section I11-A

To merge both maps, we need to change the unit of the aerial map to decimal degrees as

shown on the following steps:

e Click “View” and select “Properties”
~=loix|

Iheme &nalysis Suface Graphics XTools Window Help

Pro
&dd Theme...  Ctil+T
(zeocode Addresses,..
Add Event Theme..,
o] 90 NewTheme..

Themes On
Themes Off

TOC Style...

Full Eztent
Zoom In

Zoom Dut
Zoom To Themes
Zoor 1o Selected

Zoom Preyious

Find...
Locate Address.

Ciil+F

-

Displays the dialog box to edit properties of the view o5

e Click on Projection when this window pops up

! view Properties

Mame: | Wiswl

Creation Date: | Thursday, April 14, 2005 &:37.27 PM Cancel |

Creator |

tap Units: | decimal degrees

=l
=l

Distance Units: | miles

Projection: MHone

Frojectian... | Area DF Intergst. . |
Backaround Calar: [ﬁ] Select Colar... |

Comments:
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e Select the category to be “UTM-1983”

"; Projection Properties ll
{* Standard = Custom
Cancel |

Categone | Projections of the ‘world B3|

Type: I_G Projections of the World

Projections of a Hemisphere
Frojection:

Projections of the United States
State Plane - 1927

State Plane - 1333

UTH - 1927

Mational Gridz =i

e Select the type according to the zone number of the area, for example Payne

County is in zone 14

’; Projection Properties

* Standard = Custam

Category: [ ITH - 1983

Type: | Zone 11
Zone B
Zahe 7
Zohe 8
Zohe 9
Zone 10
Zohe 11
Zohe 12
Zone 13

Projec
Spher
Centrs

Referg
Scale
Falze

Falze
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e Check on the legend and both maps will be shown

-loix]
Eile Edt View TIheme &nalpsic Suface Graphics XTools Window Help
52 B S SRR @]
BRI 7 [a] © T - ) seae 15851 3 SIR18 T

« Tardo118kashp A

< Naip1~1_ok119_201

<l

T
FrsT




V. DRAWING POLYGON

e After completed the instruction in section IV, zoom into the targeted area
-loix]

Eile Edit View Theme Analysis Surface ﬁraphics KTools  Window Hel

@ & @AW #):]
LeE nmmﬂn ol 1645777

« Tardo118kashp A

il Naip1.1_ok119_zoj

Zooms in at a point you click or zooms in on a rectangle you drag

e Click on “View” and select “New Theme”

2 Arc¥iew GIS 3.2 ) =10 x|
Eile Edit BN Theme Analysis Suface Graphics XTools Window Help

B oo (K] EEFIEED
p AddTheme.. CWhT ke Soale 1]464.855,777
(Geocade Addresses,.. “n ©
o ew
ﬂ Tard0|
N

¥l Naipt ponec o

Layout...
TOC Style...
Full Eztent

Zaoom In

Zoom Qut

Zoom To Themes
Zoom 1o Selected

Zoom Preyious
Firid...
Locate Address...

Cirl+F

Creates a new theme

e Select the feature type to be “Polygon” and click “OK”
2 New Theme x|

Ok

Feature type:

Cancel




e Select the desired directory and type the file name

x
File W arne: Directaories: |
IﬁMEM uhsnrdsgnib3eharcview

i - = ut Cancel |
i = shrdsan
o [ ble
i
s 2 lincaln
i 3 logan
i 0 pawnes
i LI "7 zoil LI
Crives:
| u bicen-fs044ugrad 3|

e Click on the drop down arrow located on the bottom right corner of the following

icon. Select the polygon shape (it is the sixth option from the top)

5 rovencisaz TP

Eile Edit Yiew Iheme &nalysis Suface Graphics XTools Window Help

@ RS AASFREIE] EE) 3]
= seoe TS IR ¥

ﬂ Tgrd40119ka.shp

« Naip1-1_ok1 19_201

Creates a polygon on the display
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e Click on the edges of the polygon, and then double click on the last point
-loix|

File Edit Yiew Iheme &nalysis Surface Graphics XTools Window Help

M X FEEFEE] (]

(O1% [1 [oIQCITIEIZ e[ S T]C) e 1o i8I 7
X T+

2 Viewl

Wi Polygonishp -
(=} :

ﬂ Tgrd0119ka.shp

«f Naip1-1_ok1 19_201

Segment Length: 3,675.50 mi Perimeter: 14, 17385 mi Area: 32.. 272 £395.91 sq mi

e The polygon will appear as shown
-lojx|

Eile Edit Yiew TIheme Analysis Surface Eraphcs KTools Window Help

. M ] & IIEI@. Ay

« Tgrd0119ka.shp

« Naip1-1_ok1 19_201

Palygon Size = 0.16 Acres and 0.06 Hectares. - - 7 a3




VI. MAKING PRESCRIPTION MAP
A. Drawing the Boundaries of the Application Area

After drawing polygon of our application area, we can determine the boundaries by
drawing outer polygons following the steps below:

e Click on the drop down arrow of the icon, and select the last option as shown

below
=olx|

Eile Edit Yiew Iheme &nalysis Suface Graphics XTools ‘Window Hell

i Polygonishp

« Tgrd0119ka.shp

< Naip1-1_ok119_201

— [
v

Appends a new polygon adjacent to other polygons

e Draw two different outer polygons as shown in the next four windows

& Arciew GIS 3.2 ] =10( x|
Eile Edit Yiew Iheme A&nalpsis Suface Graphics XTools Window Help

¥ FEIE #: S BRI [&]
3l s i[iES T Ry

ﬂ Tgrd40119ka.shp

2l Naip1-1_ok119_201




-IBix]
Eile Edit View Iheme &nalysis Suface Graphics XTools Window Help

X & IIEHZII EE &

Wi Polygontshp =
=] :

« Tgra0118Ka.shp

il Naip1-1_ok119_201

Segment Length: 3,496.36 mi Length: 22,646.27 mi

& ArcView GIS 3.2 1 =1of x|
Eile Edit Yiew eme Analysis Suface Graphics XTools Window Help

i Polygonishp Al
= :

« Tgra0118kashp

i Naip1-1_ok119_201

Segment Length: 2,853.29 mi Length: 12,847.29 mi
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o

Eile Edit View Iheme &nalysis Suface Graphics XTools Window Help
B2
673,288.36
3,939.444.08 ¢

« Tgra0118Ka.shp

il Naip1-1_ok119_201

L & e _‘ S - =ty § o
Segment Length: 2,859.29 mi Length: 12,847.23 mi s

B. Edit Prescription Map Table

e Click “Theme” and select “Table”

5 nrcnengisaz T

Eile Edit Yiew Bnalysis  Swface Graphics XTools Window Help
B E oo BRI

STl StonEdiing 67307488
EVHPE e 367083
ﬁ Save Edits As...

Polygonish|

Convert to Shapefile...
-~ ConverttoGrid..

¥ Tga0118ka. Saye Data Set..
Edit Legend...
Hide/Show Legend

Eematch Addresses...

1 Naip1-1_ok1

Sutadabel., LCirfll
Femave Labels Ctrl+H
Hemaye Uyverlapping Labels

Convert Overlapping Labels Ctil#d

Table.

Query... Ctrl+Q
Select By Theme...

Create Buffers...

Clear Selected Eeatures

Edit Theme Expression...

| Opens the tables of.
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e The table will be shown as following
& Arc¥iew GIS 3.2 -0 x|
Eile Edit Table Field =Tool: Window Help

| 1 u:uf| 3 zelected
! Attributes of Polygonl.shp MmE E
Shape 1]
iPolugon 0 =l
Palygon 1]
Palygon ]
=
al 15
me
o

e C(Click “Edit” and select “Add Field” to add another column for the table
& Arc¥iew GIS 3.2 -0 x|
Eile Table Field XTools Wwindow Help

= it Chrl+ j|

—— [Copy [Ctrl+E
|_ Faste [Ctrl cted E

QI
2 T

Redo Edit  Chil+y
Add Eield...

Add Becord  Chrl+a,
[elete Field
Dglete Records
| Select Al ITvI
Adds Select Mone =

— [ |

e When this window shows up, change the properties of the column

! Field Definition x|
Mame: | Drilling OF.
Type: | Number =] Cancel
whdthe [ 18

Decimal Places: I 1]




e The new column will be shown as the following
& Arc¥iew GIS 3.2 -0 x|
Eile Edit Table Field =Tool: Window Help

| 1 of | 3 zelected

! Attributes of Polygonl.shp

Shape
Palygon 1] [
Palygon 1]
Palygon ]
=
al 153
i
o

e Select the polygon of which properties need to be changed
e Click “Field” and select “Calculate”
& Arc¥iew GIS 3.2 =10 =]
File Edit Table XTools ‘window Help

[ Sort Azcending IE
Ii_l ; |_ Sort Descending
ul

! Attributes of B

Create [ndex

Summarize...

Shape 1]
Polygon | i Ltz L]
Palygon i Statishics. .
Palygon 0i
I~
al 153
Calculates the value of a field H-
e Select “=" on the “Requests” list
x
Figlds Type Requests
% Murber il
[I0] .
(Driling] £ Sting N
" Date
[Cirilling] =
-
Canhicel |




Enter the code in the specified space, “1” means it is the application area and the
valve will open and “0” means it is outside the application area and the valve will

X

LD

[ ]
close.
2 Field Calculator
Fields Type Requests
& Mumber ..
“Dl. " String !
[Drilling] :
" Date P
L
[Cirilling] =
1 s

Canhicel |

e The following windows show the prescribed table
i ArcView GIS 3.2

File Edt Table Field =Toolz Window Help

=10l x|

| 1 of | 3 zelected

#1 Attributes of Polygoni.shp

Shape
Palygon 1] 1
Palygon ]

Polygon 0

al

153

o
i

2 ArcYiew GIS 3.2

Eile Edt Table Field #Tool: Window Help

=10l x|

| 1 of | 3 zelected

#! Attributes of Polygoni.shp

Shape
Palygon 1] 1
Palygon 1] ]
Palygon ] ]

al

-
rw |

|
i
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e Click “Theme” and select “Stop Editing” to stop editing the polygons (before stop

editing polygons, don’t highlight any polygon on the maps)

! ArcYiew GIS 3.2

Eile  Edit iew &nalpsiz  Suface  Graphics  #Tools

Window Help

Broperties...

& (¥ &

ﬁ Fahlgon1.sh)
[

Save Edits

Save Edits Az
Corvert to Shapefile...
Corrvert to Grid....
Sawe [Mata Set..

] Tard0119ka.

] Haip1-1_oki

Startz or stops editir

Edit Leqgend. ..

Hide/Shaw Leaend

Be-matzh Addresses..

Sutadabel. [Ctrl+L
Femove Labels [CtrleE

Mo | Cancel |
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VIl. PROJECTING UNITS OF POLYGON

After we draw a polygon on aerial map, we need to project the units to decimal degrees
so that we can put it on the road map using the following steps:

e Click on “View” and select “Properties”
e (Change the map units to meters and click “OK”

x
Name: | Viewl Ok I
Creation D ate: | Thursday. April 14, 2005 10:45:57 PM Cancel |

Creator: |

tdap Units: | unknown

o s

[istance ] Unknown

decimal degrees
inches

Projecf feet
wards
Backgroung miles

milllimeters
Commets:

centimeters

e Click on the “change projection” icon (first icon from the right)
1ol

File Edt View Iheme Graphics Window Help

o Naip1-1_ok113_20¢
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e Then this window will pop up, click “OK”
#2 Projector! x|

e The following window will pop up

#! Projection Properties

¥ Standard " Custom

Cancel |

Categary: | Projections of the World =l

Type: | Geographic =]

Projection: Geographic

e Change the category to “UTM-1983"

#! Projection Properties il

% Standard ~ Custom
Cancel |

Category: | Projections of the ‘w'orld =l
Type: I_G Projections of the world

- Projections of a Hemizphere
i zdran Projections of the United States
State Plane - 1927
State Plane - 1983

UTM - 1327

M ational Grids

1]
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e Change the type according to the zone of the area (for example, Payne County is
in zone 14)

i Projection Properties ﬂ
* Standard ™ Custom
Cancel |

Categany: [T - 1383 3|
Type: [ Zone 11 =]
Zone B =
Zane 7
Zone 8
Zone 3
Zaonhe 10
Zone 11
Zone 12
Zohe 13

Projec
Sphern
Centry
Referg
Scale
Falze

False

e Select output units to “decimal degrees” and click “OK”

# Projector! x|

Fleaze pick output units Ok

Cancel

e Then, this window will pop up. Select “Yes” if you want to recalculate area,
perimeter, and length using the new units. Otherwise, select “No”

9 Recalculate area, perimeter and length fields [if present] uzing

decimal degress?
Mo |

e Click “Yes” to add projected polygon as a theme

Projector!

9 Add projected shapefile(z] as theme(z) to a view?

_te |
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Select the View to show the new polygon

|

#! Projector!

Add Theme to:

Cancel |

e Viewsr

-

Select the desired saving directory and rename the polygon file

2 Project 123.shp

File: M arme: Directories: oK. |

mShD uhshrdsgnib3eharcyview
s = un - Cancel |

= snrdsgn
[= b3e

£ lincoln
£ logan
£3 pawnes
LI 71 il LI
Drives:
| u: Wbinen-fz04\ugrad B3|

After completing above steps, the polygon can be overlapped on the road map
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Appendix D. Download Instructions
MAPS WEBSITE ADDRESS

1. Aerial Photo Maps  http:// 139.78.101.190/2003img1/

2. Watershed Profile http://www.epa.gov/waterscience/basins/b3webdwn.htm
3. Road Maps http://arcdata.esri.com/data/tiger2000/tiger_download.cfm
4. Township Maps
http://www.ok.nrcs.usda.gov/technical/GIS/County%20Base%20Maps/plss_page.html
5. Soil type Maps OnCD

DOWNLOADING MAPS FROM WEBSITE

A. Aerial Photo Maps

Browse the aerial photo map website

Click on the county, which you want to download
Select save

Open those files to unzip them

Click Extract

Then click ok to finish unzip them

ocoarwhE

Watershed Profile

1. Open the watershed profile website

2. Click on “Surf Your Watershed”, under the heading of “Data from the web”
3. On the “Surf Your Watershed” page, click on “Locate Your Watershed” picture
4. Use “Find Place” to search watersheds of the desired county

5. You can see the list of watersheds under “Watersheds by County”

6. Open another window for the watershed profile website and click on
http://www.epa.gov/waterscience/ftp/basins/gis_data/huc

Click on the desired watershed number

Open the core.exe file

. Select save

0. Unzip the file

C. Road Maps

Open the road map website

Select the desired state

Select the county and click “Submit Selection”

Check on “Line Features-Roads” and click “Proceed to Download”
Click “Download File”

Select save

Unzip the file

Nook~whE

D. Township Maps
1. Open the township map website
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http://www.epa.gov/waterscience/basins/b3webdwn.htm
http://arcdata.esri.com/data/tiger2000/tiger_download.cfm
http://www.epa.gov/waterscience/ftp/basins/gis_data/huc

2. Click on the desired county
3. Save the file
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BoE

GPS-Controlled Hazardous-

Material VValve

Oklahoma State University
BAE 4012 & 4001
Dr. Weckler & Dr. Brown
Sponsor:. Joe Hamilton,
UniBridge Scale Systems




Our Problem

> Design a system that prevents liguid waste
disposal in unauthoerized sites and to prove
the waste was disposed in desired sites.




Current Practices

> Permitter looks for eligible disposal
areas near well site.

> Contacts land ewners for permission.

> Requests permit from the Oklahoma
Corporation Commission.

> Send truck driver from well site to
disposal site.




Current Problems

> Driver has little training.

> Drilling fluids may be placed in the
Wrong area.
o Accidentally by misreading the map
o Intentionally by driver to get done faster

> Companies may be sued when it was
actually a competitor was at fault.




Proposed System

> Use a GIS package to simplify
process In the home office.

> GIS package contains Information on
o SOIl types,
o [Opographical Infermation, and

o Permitted conditions to plan the dispoesal
area.




Proposed System Cont.

Truck Is Ready

Supervisor Callsthe Home Office

Home Office Sends:
-Directions
-Disposal Area




Proposed System Cont.

Driver LogsIn Dgttzrlggg

Driver Proceeds to the
Disposal Area

Log Records

Driver Turnson Vave Position

Every 5 Secs




Proposed System Cont.

Controller Ensures Truck
ISMoving and in Area

Driver Closes Vave

) Lock Valve Closed
Drgg}(l:%stljwt(te(s)r‘]]ob & Send Log Data
Back to Home Office




Our piece ofi the problem

> \We are working on the system that Is
on-board the truck.

> IThis Is the controller that allows the
steps detailed in the diagram.

> Must work with standards from the
other parts of the system.




Requirements for Controller

> Recelves area data and well site data
N an electronic form

> | ests to determine whether valve Is
allowed to be opened

> Informs driver of the state of the
system

> Creates a log to record all necessary
data




Requirements for the Data Log

> lruck ID > Driver |ID
> Well site location > Valid disposal
> Time information  location

> Records position > Records valve
and time when closing
Valve IS open




Controller Design Ideas

>Four ideas for designs
o SIMple custom system
» Advanced custom system
» Based on a Mid-Tech controller
o Based on a Trimble controller




Simple Custom System

> Interface consists of 5 lights and 3
buttens

> No driving directions

> No way to enter disposal amount
> LLights Indicate system, status

> Buttons control system

> $25,000 In development costs




Strengths & Weaknesses

Strengths

> Simple—Easy to use

> Test to ensure the
vehicle Is moving and
In designated area

> Can be integrated
with wireless data
transfer systems

> No need to read
Englishi to eperate

Weaknesses

> No map or directions

> No ability for the
driver to over-ride
With passwords

> No ability to record
disposal amount
locally.




Advanced Custom System

> Interface consists of text display
screen, 5 lights, and 6 buttons

> Recelves driving direction from
wireless network & displays directions
on the text screen

> Lights Indicate system, status
> Buttons control system
> $50,000 in development costs




Strengths & Weaknesses

Strengths Weaknesses

> Simple—Easy to use > No map

> Test to ensure the > Must be able to read
vehicle Is moving and English to understand
In designated area the directions

> Can be integrated
with wireless data
transfer systems

> Glves driving
directions




Mid-Tech System

> Based on the LLegacy 6000

> System IS currently in use In
Precision Farming
applications

> Uses the LLegacy 6000
systems with a liquid
application controller to turn
on and offi the valve

> Entire System costs =$1.1,000




Strengths & Weaknesses

Strengths Weaknesses

> Display maps on color > Driver can just turn off
screen the designated area

» Can receive shape delglifel
files directly » Must use flash card

> Will print out log data ~ Tor communication
In a job report format > Complicated

> Must be able to read
English and have
pasic computer skills




Trimble System

> Based on the AgGPS 170
Field Computer

> System IS currently in use In
Precision Farming
applications

> Uses the AgGPS 170 with a
liguid application controller to
turn on  and ofif the valve

> Entire System costs =$9,000




Strengths & Weaknesses

Strengths Weaknesses

> Display maps on color > Driver can just turn off
screen the designated area

» Can receive shape delglifel
files directly » Must use flash card

> Guidance System {0 for communication
help find the > Sltill moere complicated
designated site than basic systems

> Can create more > Must be able to read
simple menus English and have
pasic computer skills




Conclusion

> Based on Trimble AgGPS 170 Field
Computer

> Company to create custom controllers

IS busy.
> TIme constraints
> Budget constraints




Expected Budget

Trimble Unit
Fluid Controller

Miscellaneous

$6,750.00
~$1,000.00
~$1,000.00

Total

~$9,000.00




Anticipated Results

> Confirm that IS It possible to integrate
all of the components necessary. for
this system.

> Solve implementation problems faced
by our design.

> Detail any problems that may arise as
Work continues to: bring the product to
market.




Projected Schedule

Task Name

Purchase Trimble Unit

Research Control Units

Purchase Control Unit

Find GPS Unit

Create a working system

Make ESRI ArcView files

Research creating direction maps

Testing and Correction

Research methods to distribute data to site
Research methods to make a lock out device
Research methods to make interface cleaner
Create Final Presentation

Final Presentaion

Create Final Report




Thank You

> Joe Hamilton and
UniBridge Scale Systems

Dr. Stone

Dr. Brown

Dr. Solie

Dr. Weckler

> BAE department staff
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