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Abstract

Illinois-Indiana Sea Grant and Purdue University Civil Engineering jointly operates a
TIDAS 900 buoys located four miles off Michigan City. The exact location of the buoy is
N41.75532, W86.96847. The objective of this document is to provide users with essential and
useful information about the buoy and deployment/recovery operation by supplementing the

manufacture’s orientation manual.

A deployment process involves configuring, testing, transporting, loading/unloading,
towing, and attaching the buoy. For the first time deployment, a construction of a mooring
structure and anchor deployment will be added to it. Although a recovery is basically the
reverse procedure of a deployment, it requires a preparation and deployment of a ground line,
which is to be picked up at the beginning of the next season. Although not requiring much

maintenance, the buoy needs to be stored in a safe and dry environment during off season.

This document also covers how to configure various electronic components including
sensors, GPS, data logger, and cell phone modem. Establishing remote connection and data
collection are handled by Loggernet, a software developed by Campbell Scientific. Data logger

programs can be also edited using the software.

Based on experiences gained through the first year of operation, several changes and
upgrades are suggested. First and foremost, the malfunctioning Inertial Wave Sensor has to be
repaired or replaced. A new data logger program has been prepared and can be implemented

in the future to share real-time data with NDBC.
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1. Understanding Components

Figure 1: Full assembly of the buoy

Table 1: Dimension of the buoy

Buoy diameter 3’8” (1.12m)
Height above water line 9’10” (3m)
Buoy draft/depth below waterline 6’6” (1.97m)

Table 2: Weight of the buoy

Weight, (mast, hull, deck, etc) 350lbs (158.76kg)
Weight, ballast tube 100lbs (45.36kg)
Weight, ballast chain 160lbs (72.57kg)

Total 610Ibs (276.69kg)

Please read “TIDAS 900 Buoy Orientation Manual” before reading this manual. This manual is
intended to focus on details not covered by the orientation manual.



The buoy consists of five main components; mast, electronics housing, deck, hull, and ballast
tube. However, the buoy can only be taken apart between the electronics housing and the

deck. You have an access to the inside components by detaching the electronics housing and
the deck. The instruction for detaching the buoy is given in page 4 of the orientation manual.

1.1. Mast

The purpose of the mast is to mount sensors, an antenna for real time data transmission, and a
beacon for collision avoidance. The location of each device/sensor on the mast is shown in the

figure below. Additional sensors can be mounted on the projected areas of the mast as circled
in the figure.

Solar Radiation Sensor
Humidity Sensor

Antenna

Anemometer

Air Temperature Sensor

Air Pressure Sensor Beacon Light

Figure 2: Location of sensors

2



1.2. Electronic housing

The electronic housing holds the brain of the buoy, a
data logger, CR1000 (12VDC, Campbell Scientific). The
data logger collects real time data from all the sensors
on the mast and hull, performs calculations, and
transmits the processed data to the remote servers on
a regular basis. The detailed functionality and
capability of CR1000 will be described in the later
section. The main purpose of the three small solar

panels is to provide supplemental power to the data logger. Hence, they do not charge the
main batteries.
lousing

1.3. Deck

The battery carriage is housed in the bottom half of the buoy. The
battery carriage can be taken out by opening the water proof cover
on the top of the deck. The main electric harness connects the
battery carriage and the data logger. The electric harness transmits
both power and data from inertial wave sensor (IWS) located in the
middle of the battery carriage. More information about the
battery carriage is provided in Chapter 5.

1.4. Hull

The primary purpose of the hull is to provide buoyancy.
A water temperature sensor is also located near one of
the pass-through on the hull. The exact location of the
water temperature is indicated by an arrow in the
figure. This whole part is water-tight and no

maintenance is required.



1.5. Ballast tube

The ballast tube is a heavy component, providing
both vertical and horizontal stability to the buoy. The
end of the ballast tube is where a ballast chain is to
be attached.

Figure 6: Ballast tube

2. Securing buoy for extended period of time on ground

Fall protection

Electric harness disconnected

Figure 7: Buoy in a storage Figure 8: Main electric harness

When you need to store the buoy inside, it is a good practice to place the upper half vertically

and lay down the bottom half on its side for safety and ease of maintenance. In this way, you

can avoid accidental collisions with the most sensitive parts on the mast such as anemometer.

A fall protection like the one shown in the figure is also strongly recommended. Another

important point is that the main electric harness should be disconnected while not in use.

Connecting and disconnecting the harness functions as on and off switch for the data logger;
4



therefore, in other words, the data logger and sensors keep consuming battery power while the
harness is connected. The white protective covers do not have to be in place while the buoy is
stored at rest.

Now is a good timing to replace the indicating silica gel attached to the battery carriage. It is
inside of a small aluminum container located right above the inertial wave sensor. If the color is
pink, it needs to be replaced because it absorbed enough moisture. Make sure to have new and
blue silica gel before launching.

You can purchase the indicating silica gel at a whole sale store such as McMaster-Carr.
Although silica gel is relatively inexpensive, you can also reuse it after placing it in a drying oven
for about 2 hours. They are adequately dry when they turned blue.

3. Beacon light

Figure 9: Beacon light Figure 10: 2V D Cell battery

The beacon light is another important part of the buoy. A beacon light is required by law for
collision avoidance. The required permits cannot be obtained without it. Therefore, it is critical
to make sure that the light is in a good shape.

In a dark environment, the beacon repeats 0.5s-on and 3.52s-off. When there is enough sun
light available and the beacon is being charged, it flashes once every 15 seconds. The beacon
utilizes two 2 Volt 2.5AH D Cell battery manufactured by Enersys (Cyclon, P/N 0810-0004). This
battery can be purchased at a local vendor such as Battery Plus (Lafayette on Rte. 38), and they
can perform a charge for you (and charge them, free of charge).



Because the beacon light might have run out of battery during off season, it is strongly
recommended that you check the performance of the beacon and voltage of the batteries well
before deployment. It might take some time to replace or charge batteries. In the worst case,
you can charge the battery with 12V car battery like Figure 11. Note that while it may be okay
to charge the batteries when in the light like this, you should not use a car battery charger to
charge the batteries on their own.

There is an on-off switch on the bottom as indicated in Figure 11. If you are not sure if the light
is on or off, try it in a dark environment. If the light is on it will blink every 15 seconds. When
turning the light on or off make sure to fully press the button for about a second. The light will
flash almost immediately when turning off and will flash in a short moment when turning on.

One other note: when you buy new rechargeable batteries to replace the batteries in the light,
they often only come with a “surface charge”, and need to be completely charged. We ran into
this problem when deploying the buoy; even after putting in brand new batteries, the light
would not work. We then charged it with a car battery (below). | can’t remember if it would
have worked fine if we charged it in the sun.

In August of 2013, the buoy light stopped working. We attempted to replace the batteries in
the light. To do this, ... In the future, always make sure to put new batteries in the light at the
beginning of the season. We should do an over-winter test to see how long it lasts.

On/off switch

Figure 11: 12V battery and on/off switch




4. Data logger and Communication
4.1. CR1000 Data logger

Figure 12: CR1000 Data logger Figure 13: Data logger in electric housing

The data logger is the brain of the buoy. It collects, calculates, stores and transmits the data
from sensors and GPS. Power is supplied from the batteries through the harness cable.

The data logger is housed in the orientation as shown in the Figure 13.
4.2. Establishing data transmission between buoy and server

A program called Loggernet (Version 4, Campbell Scientific) is used to communicate with the
buoy. (http://www.campbellsci.com/loggernet)

4.2.1. Setting up connection to buoy for the first time

1. From main menu, select Setup.

2. Make sure that you are in standard setup mode instead of EZ (simplified) setup mode. You
can see which mode you are from View tab.

3. Click Add Root on the top left corner, then select IPPort. You may also choose ComPort
when you want to establish a serial connection instead. IPPort and ComPort are designated
for a cell phone modem connection and a serial cable connection respectively. ComPort is
often used for changing the data logger configuration when the logger is available at hand.

4. Select PakBusPort (Other Loggers) in the small screen and then select CR1000 .



5. Click IPPort from the Network Map tree and the screen should look like this.
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Figure 14: Setup screen

Make sure to enable Communication Enabled and input proper IP Address for the buoy. The IP

Address for our buoy is 166.142.24.148:3001.

6. Click CR1000 from the tree and go to Schedule tab. Enable Scheduled Collection and
change Time to 12:00:30. Adding 30 seconds to the default will allow the buoy to have
enough time between scheduled data collection and data transmission. Your screen should

look the same as below.
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Figure 15: Schedule setup



7. Go to File Retrieval tab and select Follow Scheduled Data Collection from Retrieval Mode
list. This enables the server to access the latest data every time the data logger collects new
data.

8. Make sure to click Apply from the bottom of the Network Map window on the left.
Otherwise, the changes you have made will not be reflected. The basic set up is done by
now. Go back to the main menu (the very first window when you launched the software)
and select Connect this time. The connect screen looks like the one below.
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s | O 00:00:00 Lt dl [ Om0e =

Figure 16: Connect screen

9. Click Connect on the top left corner. A timer on the bottom left will start counting once the
connection is established. It may take a few minutes to establish a connection. Do not
forget to power up the data logger before connecting.

10. From Program window on the middle right, you can send a program to the data logger. A
data logger program uses CRBasic, which is a proprietary language derived from the BASIC
programming language. The best way to modify it is to use CR Basic Editor in Loggernet. The
program in your screen may be different from the one shown above. You can select a
desired program saved in your computer and reconfigure the data logger. Please be aware
that sending a new program to the buoy will delete all the data stored in the data logger.
Therefore, make sure to collect the data beforehand by clicking Collect Now.

4.2.2. Modifying code of data logger



You can also create or modify a program from Loggernet. From Program menu, select CR Basic
Editor.

The code used for 2012 deployment is attached as Appendix D. This file is named “Buoy
13.CR1”.

A new code “Buoy 13_XMLcapable.CR1” can enable data transmission to other institutions such
as NDBC or GLOS via XML file. Only difference is the very last portion of the code after
SlowSequence and the rest is the same. You also need to install a program “Buoy 13_XML.CR1”
together with “Buoy 13_XMLcapable.CR1” to send data in XML format. Please see Appendix E
and F for the copy of the programs. Please note that these programs are not finalized yet and
still requires to enter information such as password or username allocated from NDBC.

5. Battery carriage and charging batteries
5.1. Battery carriage
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Figure 17: Battery carriage Figure 18: Inertial Wave Sensor (IWS)
The battery carriage consists of three batteries and Inertial Wave Sensor (IWS).

You can take the battery carriage out of the buoy by slowly pulling the black fabric harness
indicated by an oval in Figure 17 (you might initially need to apply a strong force to make it start
moving). Exercise caution not to damage any part of it.

One edge of the battery carriage at the bottom is longer than the others. This projection needs
to be exactly fit in the pit of the same size at the bottom of the battery tube upon returning it
to the tube. You may need a flash light to find the exact location of the pit as natural light does
not reach the bottom of the tube. More importantly, this edge is where the heading of IWS
indicates. For instance, when the edge is facing North, the heading of the buoy is indicated as
North. The direction of the edge is also consistent with the direction that black circles painted
on several locations inside and outside of the buoy indicate. The black circles are placed as an
alignment aid.

Figure 19: Black circles as an alignment aid

5.2. Charging batteries

The batteries need to be charged whenever voltage of the batteries went below 11V and before
deployment.

Charging batteries is simple but requires caution to avoid an accident.
All the three batteries are Lead-Acid battery rated as 12V-8A.

Although it is theoretically possible to charge all the batteries at once by connecting a charger

to a plug located close to the top of battery carriage, it is strongly recommended that you
11



charge one by one for safety. In this way, you can also confirm the voltage of each battery.
Each battery can be taken out of the battery carriage by breaking the cable tie. Electric cable
ties can be purchased at any hardware store at very affordable price.

A rule of thumb is to use a charging rate of between 1/100 and 1/10 of rated battery current for
safety. It is actually optimum to use a charging current a little less than 1/10 of rated battery
current. For example, because our battery is rated 12V and 8A, a DC battery charger supplying
12V and 600-800mA is ideal.

A small smart charger, such as Battery Tender Junior 12V @ 0.75A, does a suitable job without
causing any trouble and is a nice charger to own. The charger indicates a steady green light
once the battery gets fully charged. The voltage of a fully-charged battery is most likely be
between 13 and 14V.

You can use a multimeter or digital multimeter to measure voltage. Although it is important to
keep track of battery voltage while and after battery is charged, an extreme caution needs to
be taken here. NEVER SET IT TO CURRENT MEASUREING MODE! Doing so will short the
battery and has a potential to cause a significant inside damage to the battery. The outside
coating and wrapping will also melt due to enormous heat.

If you think you shorted the battery by accident, the following procedure should be taken.

Allow it to cool down.
If there is deformation or any leak, never use it and consult manufacture for replacement.

3. If there is no significant damage observed other than melted outer coating and wrapping,
run the battery normally for about 10 minutes.

4. After 10 minutes, if there is any indication of the battery heating up, the inside of the
battery is significantly damaged and cannot be used again.

5. If not, there should be no significant inside damage. Please do ask a local battery store to
rewrap the battery because it is important to keep the battery from moisture while in
service.

One additional note is that the battery voltage should not be allowed to go below 3V. A battery
with extremely low voltage is hard to recover even with a use of a good battery charger. If this
happened, please consult a local battery shop for the problem to be fixed.

6. GPS

The GPS (Garmin GPS 16X HVS ) on the buoy plays an important role in keeping track of the

location of the buoy. The GPS is wired to the data logger and the position information is sent

together with weather data. The buoy’s main batteries power up the GPS via data logger. A
12



manual for GPS 16X-HVS is available online.
(https://s.campbellsci.com/documents/us/manuals/gps16-hvs.pdf)

6.1. Wiring instruction

Table 3: Location and function of each GPS wire
GPS 16X-HVS Datalogger Function
Red 12v Power In
Black Ground Power Ground
Yellow Ground Power Switch (not used)
White Control Port (Rx) TXD
Grey Control Port (Tx) PPS
Blue Ground Rx data
Shield Ground Shield
Green Wiring unnecessary
Purple Wiring unnecessary

Figure 20: GPS wiring

The wires held by figures in Figure 20 are the ones for GPS. White and Grey wires can be
connected to any available COM port. However, COM port number has to be consistent with
the one in the data logger program code. Please refer to page 4 of the GPS manual

downloadable from Campbell Scientific’s website for more information.
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6.2. Data logger programming to receive GPS information
GPS() instruction is used to retrieve data from GPS.
The GPS() instruction has the following syntax:

GPS(GPSArray,ComPort, TimeOffset,MaxTimeDiff, NMEAStrings)

The actual sentence currently in use is:
SerialOpen (Com1,38400,0,0,2000)

GPS (gps_data(),Com1,LOCAL_TIME_OFFSET*3600,100,nmea_sentence())

38400 is the baud rate. This number and the baud rate of the GPS have to be the same. Com1 is
where Rx and Tx wires (White and Grey) are connected. Please see Chapter 5 (page 8) of the
GPS manual for more information and examples.

6.3. Changing configuration of GPS
You can also change GPS configuration such as baud rate by following the procedure below.

1. Prepare a serial cable with a male connector. Cut the serial cable in half and splice three
wires (PIN2 , PIN3, and PIN5) to white, blue, and shield wires of the GPS respectively.
Connectivity of serial cable (which wire is connected to which pin) is easily found by
measuring resistance with a multimeter.

14



Rin 3

Transmit
Bin 2 Data (TXDO)
Receive Data Pin 4
Pin 1 (RXD) Data Terminal
Data Carrier Ready (DTR)
Detect (DCDY) (not used)
(not used)
Pin 5
Ground
Pin B
Data Set
Ready (DSR) Ping
(ot used) Ringing I ndicator (Rl)
Rin 7 B (not used)
Request to
Clear to Send
Send (RTS) (CTS)

Figure 21: Pin location and function of male serial connector

Table 4: Connectivity of GPS wire and serial cable wire

GPS wire Serial cable wire
White Pin 2
Blue Pin 3
Shield Pin 5

Red and Black wires of GPS have to be wired to data logger for power supply.
Open SNSRXCFG_280.zip and run SNSRXCFG_280.exe.

In the next screen, select GPS 16x.

To set up a connection with GPS, go to Comm tab, then Setup.

o v e WD

A window like below should appear. Select serial port of your computer (typically

COM1) and select Manual from Baud Rate. Then, select the bard rate of the GPS (38400

as of now). You may try Auto if you do not know the baud rate of the GPS.
Click OK.

Comm, Setup

Serial Part; Baud Bate
- " Auto 38400 -
B {* Manual

] | Cancel |

Figure 22: Comm setup window

7. Now power up the GPS.
15



8. To connect, go to Comm tab, then Connect.
9. Once connection is established, configurations can be changed.
Go to Config tab, then Sensor Configuration.
Your configuration should be similar to this.
X
Swstern Configuration o Save Hode
Badfiste  [3000 -] [ Gamin Binary Output Cancel

Mate: Selecting "Garmin Binary Dutput' will dizable MMEA output.
The device will instead output data in Garmin Binary farmat.

Sensor. Configuration

MNMEA Configuration Commands
[ MMEA 2.30 Mode MEA Output Tirme 1 i‘
Talker ID
Pulze-Per-Second [PPS] Configuration
[¥ Enable Pulse Per Second PPS Lenath a0 jl
[~ PPS Auto Off Mode

GPS Configuration

Fix Mode Autormnatic > | [ Position &veraging

Earth D atum:
WES 84

DGPS Mode  |'WAAS Only A ’7
Diff bMode Autornatic - ’7
Low Yelocity Threshold | Disable = ,7
Dead Reckon Yalid Time |30 sEC ’7
Latitude a0 Plesmo - # N C8
0 .

Longitud 86 56.0002 CE &

RS GMSS Source
Altitude 140 meter -
Lpdate Rate Dynamics Mode r
Configuration Profile Output Mode
Acceszory-OM resistor - o r
Device (D

Figure 23: Sensor configuration screen
10. Also go to Config tab, then NMEA Sentence Selection.

You should enable GPGGA, GPGSA, GPGSV, and GPRMC. These are the sentences that
the GPS uses to transmit data.
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NMEA Sentence Selections rg

GPGGA
GPGSA
GPGSY
GPRMC

Dizabled Enabled

i (s
i (s
i i
T 0
I i
o i
[l i
I i
I i
i+ i
i+ i
I i
I i
I i
i i
[l i

Reset...

Cancel
Ok

Figure 24: NMEW sentence selections

11. Now your window should look similar to below.

SNSRXCFG2.cfg - GARMIN X-Series Sensor Configuration Soft... [C |f
File Comm Config Yiew Help

=(a = &

Configuration file:
GPS Base Model:

System Configuration
Baud rate:
Power Save Mode:
Garmin Binary:

HMER Configuration
HMER 2.30 Mode:
HMER Output Time:

PPS Configuration
PPS mode:
PPS Length:
PPS Auto Dif:

GPS Configuration

Fix mode:

DGPS Mode:
Differential mode:
Dead Reckon Time:
Position Averaging:
Velocity Threshold:
Latitude:
Longitude:
Altitude:

Earth datum index:
Unit ID Configuration

Garmin Device ID:
Programmable ID:

SNIFXCFGZ. cfg
GPS lex

36400 bps
Off (Normal Mode)
0ff

0ff
1 sec

1 Hz
80 msec
0ff

Aurtomaric
Waas Only
Autonatic

30.0 sec

Off

Disabled

40° 25.000' N
086° &SE.000' W
190.0 meters

WE 84

rr?

unassigned

Selected
Sentences:
GPGGA
GPGHA
GRGAV
GPRMC

Figure 25: Main screen
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12. Once everything is properly set up, you can disconnect by clicking Disconnect under
Comm tab.
13. Do not forget to turn off the data logger.

7. Creating concrete anchor

Recommended weight of the concrete anchor is between 1600lb to 2000lb on the ground. The
shape of the anchor is typically cylindrical. Concrete is poured into a forming tube typically
known as “Sonotube”. The anchor has a diameter of 3ft and height of 2ft. The concrete is
reinforced by several steel rebars. Consult Purdue’s concrete lab or some other professionals
about construction. Also make sure to use a corrosion resistant type of concrete because this
will be a permanent structure under water. It is highly recommended using type 316 stainless
steel for all parts exposed to water such as an embedded U-shape bar on the top of the anchor.
The U-shape bar also needs to be reinforced inside the concrete by a metal plate so that shear
stresses can spread out upon lifting. Please refer to Figure 24 and 25 below to see what it
actually looks like.

Vi

Figure 27: Concrete anchor

Figure 26: Concrete anchor

during curing and connection

8. Mooring line
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Ballast Chain

Shackle

Eye-Eye Swivel

Shackle

Thimble

Cable Clamps

Stainless Cable

Figure 28: Mooring structure

The mooring structure should be carefully planned so that it can withstand possible harsh
weather conditions. There are three main things to consider; strength, length, and weight.

Figure 28 shows all the components which compose the mooring structure. From top to
bottom, it consists of a ballast chain, shackle, eye-eye swivel, shackle, thimble, cable clamps,
cable, auxiliary plastic buoys, cable clamps, thimble, shackle, eye-eye swivel, shackle, U-pipe,
and concrete anchor.

Strength:

The mooring line should be made strong enough to withstand various harsh conditions in the
lake. It is important to select appropriate size and material. It has to be corrosion resistant as
well.

Two typical options for a mooring line are Type 316 stainless steel and nylon. Type 316 stainless
steel is preferred because of its strength. Select type 316 instead of other types of stainless
steel such as 302 or 304. Type 316 is “marine grade” stainless, providing maximum corrosion
resistance. The line used for year 2012 deployment was 3/8” type316 stainless steel cable with
breaking strength of about 12,000Ibs. Note that breaking strength is literally the weight needed
to break the cable. However, the cable starts deforming well below this breaking strength.
Therefore, some ridging gears indicate Working Load Limit (WLL), which is what you should rely
on. Working Load Limit is the weight under which the product can be safely operated multiple
times without causing damage to the material. WLL of the stainless steel cable used for the
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mooring line is around 2,400lbs. This means the cable can even lift the concrete anchor of
2000lbs on ground safely.

Shackles, swivels, thimbles, and cable clamps also have to be chosen in a similar manner. They
all need to be Type 316 stainless steel for maximum corrosion resistance and be able to
withstand certain amount of forces. Most of them typically show their strength as Working
Load Limit. Never choose the one that has smaller value of WLL than what might be applied due
to extreme weather conditions.

Some examples of suppliers of metal/fabric cables and other connectors are McMaster Carr
and Murphy Industrial.

Length:

Length is another important factor in design of the mooring structure. It is recommended that
the mooring line has 10-20 ft extra length in addition to the depth of the water. This leeway
allows us to safely pull out the mooring line on a boat and detach the line from the buoy at the
end of the season. An issue is that the excess length creates bend in the line especially when
the buoy is right on top of the anchor as show in Figure 26. The line is straighter when the buoy
is drifted away from its radius center. The excess length allows the buoy to drift within 63ft
radius of its center. Therefore, upon checking the buoy position, the GPS coordinates should
indicate the latitude (y) coordinate between 41.75514 (south boundary) and 41.75556 (north
boundary) and the longitude (x) coordinate between -86.96819 (east boundary) and -86.96876
(west boundary). If the buoy drifts much outside of these boundaries, we may want to have
someone check on it to be sure it is still attached. The bend of the line could get caught in the
concrete anchor structure or obstacles on the floor of the lake if the bend is too close to the
bottom. On the other hand, it could get entangled in propellers of a ship if it is too close to the
surface. Therefore, in order to avoid possibly hazardous situations, how much and where the
maximum bend occurs right above the drift radius center should be carefully planned. This can
be done by controlling buoyancy of the line as described next.

Weight:

Because density of stainless cable is much larger than that of water, the mooring line sinks;
therefore, the bend tends to occur at the very bottom and is likely to touch the sea/lake floor.
For this reason, it is necessary to lift the bent part of the line to a reasonable height by
additional buoyancy structure, typically several trawl plastic buoys. What meant by a
reasonable height is the height which allows the excess line not only to stay away from the
bottom but also to keep enough distance from the water surface to avoid interaction with the
traffic. This height varies with the total line length as well as with the depth of the water and
requires good engineering judgment. Basically the buoyancy of the additional in-line trawl
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plastic floats has to be

able to support the wet weight of the line below the floats and half of

the bent portion of the line. Figure 29 is a diagram used for year 2012 deployment.
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Figure 29: Mooring structure diagram

9. Retrieval line

Coiled retrieval line
Zip tie

Figure 30: Retrieval line on the buoy

A retrieval line allows you to pull out the ballast chain when you need to detach the chain from
the mooring line upon recovery. Because this line also functions as one of the towing lines
when buoy is recovered at the end of the season, it should be long enough, typically 50ft in
total. The one side of the retrieval line is attached to one of the handles on the buoy deck and
the other end is tied to the shackle right above the eye-eye swivel. It is highly recommended
using a floatable cable such as polypropylene. The mid-section of the line is also tied to the
buoy itself by using zip ties. This prevents it from getting entangled with the ballast chain and
the buoy itself.

No more than four zip ties should be used to attach the line to the deck handle because they
need to be broken quickly from an unstable boat upon arriving at the site. Very thick and wide
zip ties are very hard to brake while thin zip ties may break too easy with unknown forces such
as severe weather. Make a wise decision as to what size of zip ties to use.

On the other hand, zip ties used to tie the line to the ballast weight needs to be thin and easy to
break. This is the one indicated in the Figure 30 above.
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10. Ground line (off season line) [different method should be
looked into]

A ground line is a line attached to the mooring line at the end of the season upon buoy recovery
and picked up at the beginning of the next season so that the mooring line is once again used. A
ground line is typically between twice and three time longer than the water depth. A floating
line such as polypropylene of 1/2” or 3/4” diameter should be used so that it can make an arc
over the lake floor for ease of recovery. You may attach a small float in the middle.

Please see the figure below for an example calculation for the year 2012 recovery.

Use trigonometry to find unknown values such as height of mooring line or length of extension

line.
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Figure 31: Diagram of ground line structure
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The table below shows the coordinates along the line.

Table 5: Position of concrete anchor and ground line

BUOY ANCHOR N41.75532 W86.96847
GND LN1 N41.75562 W86.96844
GND LN2 N41.75576 W86.96841
GND LN3 N41.75593 W86.96839
GND LN4 N41.75597 W86.96838

GND LN END N41.75611 W86.96837

The peak of the arc should exist between point GND LN1 and GND LN2. You may also use a

depth sonar to look for any indication of the line. The line can be retrieved by a hook while

driving a boat perpendicular to the line.

11. Buoy deployment
11.1. Preparation

v

v
v

Check voltage of beacon light batteries. If below 2V, charge the batteries by putting the
beacon light under the sun for a while. If significantly below 2V, use a 12VDC car battery
(only on light itself when batteries are in light, do not use charger on individual batteries as
voltage is wrong)or simply replace. Also check the timing of the light in a dark environment.
It should flash 0.5s on and 3.52s off.

Fully charge the main batteries of the buoy until they get 13-14V.

Make sure that sensors give reasonable data. Air temperature, humidity, and air pressure
data can be compared to the atmospheric condition. Solar radiation sensor can be tested
with incandescent light. You can use a fan to test wind direction and speed. Sensors that
cannot be tested before deployment include water temperature, wave height, wave
direction, and wave period. However, water temperature resembles air temperature on
ground.

Check cell phone modem data transmission.

Check GPS functionality

11.2. Trailer

The buoy fits in a 6 ft x 12 ft open utility trailer that you can rent from U-Haul or some other

companies. Make sure well beforehand that this trailer is available for rent at your location on

the day. U-Haul in West Lafayette, for instance, has only one available. Purchasing a custom-

made trailer for the buoy is ideal, but it is probably not worth the expenditure because the

trailer is only used a few times a year.
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You need at least four transportation straps to fix the main body of the buoy. Several ropes are
required to fix the mast.

M=Eo=l

Figure 32: Utility trailer dimension Figure 33: U-Haul utility trailer

11.3. Loading buoy onto trailer

Figure 34: Lifting buoy with crane

Figure 35: Strap attachment at a handle Figure 36: Strap attachment at ballast tube

The buoy can be lifted by a crane like the figure above. At Purdue, you can use the crane in the
Hydraulics Laboratory in Civil Engineering. Although the figure shows the mast and deck portion
of the buoy assembled and hoisted together for testing, they should be loaded and unloaded
separately. Upon lifting, center of gravity is located a little bit toward the top. You have a

25



chance to adjust the location of the crane in an attempt to find the center of gravity just before
it is fully lifted. The best advice is to raise the crane really slowly. The deck portion of the buoy
has to be loaded on to a trailer first. When doing so, the ballast tube needs to be placed back of
the trailer because this part is lighter than the other end. The other end has to be front of the
trailer because center of gravity of a trailer has to be forward. Then, the mast portion can be
simply laid right next to the deck portion in any orientation.

11.4. Unloading buoy at destination

A crane is needed to unload the buoy. DNR station in Michigan City lets us use a crane across a
water channel from the station and DNR staff can help with the operation. Another one on the
side of the station is too short and not suitable for the buoy. The buoy can be unloaded exactly
the opposite way of loading. The buoy should not be assembled before unloading in order to
minimize damage to the buoy, especially the sensitive sensors on the mast. Assembly of the
electronics housing and the deck is accomplished by tightening six captive swing away bolts.
The mast is most easily assembled by resting the mast on the bed of the truck and rail of the
trailer. Lift the bottom half of the buoy with the crane so that the mounting plate lines up with
the mast. Once in position use the swing away bolts to tighten the mast to the buoy. This
process can be done with 2 people but 3 people could allow for better conditions.

11.5. Final preparation and towing

At this point, the ballast chain needs to be connected to the buoy and the shackles should be
properly pinned. Three towing lines should be ready by this time. One towing line runs through
the bottom of the ballast chain or shackle/swivel right below it. This line prevents the heavy
and long ballast chain from dragging the floor of shallow channel and is helpful for us to pull out
the chain onto the boat deck to make a connection to the mooring line upon arriving at the
deployment site.

Run the other two lines through the handles and attach both ends to the boat. You can control
the movement of the buoy by manipulating these two lines. When you are ready to deploy, you
simply untie one end and pull through.
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*Note that the figure only utilizes two
towing lines, one of which is from a
handle and the other from the chain.
Above conclusion was made based on
the difficulty of controlling the buoy
with only one line from the deck this
time.

Figure 37: Buoy towing

Figure 38: Proper towing line arrangement

Once everything is set and the buoy is ready to go, start lowering the buoy down to the water
with a crane. It is not necessary this time to support the buoy at three points as opposed to the
cases of loading and unloading. As shown in the figure below, you can support the entire buoy
with two lines attached to the handles of the deck and control the movement of the buoy with
the towing line attached to the ballast chain. Maneuvering the buoy by the ballast chain could
take 3 to 5 people because the ballast chain is so heavy.
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Figure 39: Lowering buoy with crane

Carefully tow the buoy at 2-4 knots. The coordinates of the concrete anchor is N41.75532,
W86.96847. The deployment procedure is also given in the checklist attached as Appendix B.

12. Buoy recovery

Buoy retrieval is basically the reverse procedure of buoy deployment except that the ground
line needs to be paid out for a pick-up next year. Please see Appendix C for buoy retrieval
checklist, where the detailed procedure is described. The ground line should be carefully
planned so that it behaves in the intended way near the lake floor. See the ground line section
for further information. It is desired that the line is paid out toward the share, but this is not an
absolute necessity if certain situations such as bad weather or difficulty in boat maneuvering do
not allow you to do so. A use of gloves is required in order to avoid an abrasion on your hands
when handling the line. Please do not allow any of your belongings including the gloves to get
caught by the line itself or line components. If this happens, you might be thrown out to the
water together with the line.

Once the buoy is securely unloaded from a boat onto the ground, disassemble the buoy and
take the data logger and battery component out of the buoy and secure them in a dry and safe
environment as soon as possible in order to avoid any damage to them.

13. Wish list (suggestions) 2012
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1. Fix wave sensor issue
Wave period and direction from Inertial Wave Sensor (IWS) have so many noises. The
device needs to be inspected by the developer.

2. Data transmission through XML format
The current method of data transmission and storage has less flexibility. XML format
should improve flexibility in data handling in the server side. Some additional
modifications to the program are needed to make this happen. XML file format is also
utilized by other institutions such as NDBC.

3. Sending data to NDBC
Pushing our data to NDBC will allow more people to take advantage of the buoy’s data.
However, buoy ID, password, and such still needed to be obtained.

4. Replacing a bolt-type shackle with a screw-pin type shackle for ease of handling
When connecting or disconnecting the mooring line and the buoy ballast chain, you
always need to take apart a shackle which connects the mooring line. A bolt type
shackle (Figure 35) is currently used for this connection. | would strongly recommend
replacing it with a screw-pin type shackle (Figure 36). | found it difficult to take apart the
shackle especially on a boat because | needed to bend and pull out the cotter pin, then
turn the bolt with tools. This process is relatively cumbersome. On the other hand, a
screw-pin type shackle does not require such complicated handling although it still
requires a cable tie as a safety. The rest of the shackles can remain as bolt-type because
they do not involve detachment/assembly process.

¥

r
O o B et et

Figure 40: Bolt type shackle (current use) Figure 41: Screw-pin type shackle

5. Making a proper connector for GPS cable on data logger box
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Currently the box does not have a plug-in type detachable connector for the GPS cable
and this has made it difficult to handle the box once the GPS cable got wired to the
logger.

Figure 42: Current GPS cable inlet (ideally replacing this with a detachable connector like the
one right next to it)

14. Contact information

e Battery carriage, Wiring, data logger, and sensors
Chuck Parks
Custom Electronics, Inc.
4096 White St., Grandville, M| 49418
(616) 453-3060
parks@CustomElectronicProducts.com

e Programming, GPS, and XML transmission
Edward Verhamme
Limno Tech
734-332-1200
everhamme@limno.com

e Internal Wave Sensor (IWS)
University of Michigan
Ocean Engineering Laboratory
e Deployment and recovery
Indiana Department of Natural Resources (DNR)
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callto:+1(616)%20453-3060
mailto:parks@CustomElectronicProducts.com
mailto:everhamme@limno.com

100 WEST WATER STREET
MICHIGAN CITY IN 46360
(219)874-8316

Randy Brindza
RBrindza@dnr.IN.gov
Brian Breidert
BBreidert@dnr.IN.gov

e National Data Buoy Center (NDBC) contact
Rex Hervey
rex.hervey@noaa.gov

e Beacon light
EB Engineering Ltd.
Model SB202
$345
www.sunbeacon.com
Eddy Butler
ebutler@ebengineering.com

Appendix A: Concrete anchor deployment checklist

Concrete anchor deployment
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Load the anchor to a boat
Attach the mooring line to both the anchor and temporary float before departure
*INSERT COTTER PINS TO SHACKLES

OO

[0 Measure the depth at the predetermined location and make sure that the depth is between
55-65ft. Otherwise, cancel deployment. The cable is designed only for the depth of this
range.

Drop the temporary float first and confirm that there is no possibility of entanglement

Drop the concrete anchor

OO

Item list for concrete anchor deployment

Lifting belt (1)

Cotter pins (both sizes)
Temporary float
Handheld GPS

Depth meter
Wrenches

needlenose pliers

OO0O0O0000
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Appendix B: Buoy deployment checklist

Buoy deployment

|
(]
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Preparation

Check voltage of beacon light batteries. If below 2V, charge the batteries by putting the
beacon light under the sun for a while. If significantly below 2V, use a 12VDC car battery or
simply replace. Also check the timing of the light in a dark environment. It should be 0.5s
and 3.52s off.

Fully charge the main batteries of the buoy until they get 13-14V.

Make sure that sensors give reasonable data. Sensors that you cannot test before
deployment include water temperature, wave height, wave direction, and wave period.
Check cell phone modem data transmission

Check GPS functionality

On the day

Before unloading, attach a propeller

Before unloading, remove a red cap from a solar radiation sensor
Unload the buoy components carefully off the trailer

Assemble the buoy

Test data transmission for the last time

Attach the ballast chain to the buoy

*INSERT COTTER PINS TO SHACKLES

Tie a retrieval line to the buoy and the shackle above swivel
Carefully transport the buoy to the water using a crane

Attach a towing line to the ballast chain

Carefully tow the buoy to the site

Upon arrival to the site, get close enough to the temporary float
Assemble the cable and the buoy

*INSERT COTTER PINS TO SHACKLES

After that, simply let it go

Confirm successful data transmission afterwards

Item list for buoy deployment

Wrenches

Needlenose pliers

Regular pliers

Cotter pins (both sizes)

Handheld GPS

3 Lifting belts (two short, one long)
Retrieval rope

Ballast chain

Spar buoy with working beacon
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Spar buoy retrieval rope

Float for mooring line

Two tow ropes (long rope for deck, short rope for ballast chain)
zip ties

Laptop
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Appendix C: Buoy retrieval checklist

Buoy retrieval

O

O 0O0O O

OO

When boarding boat, turn on handheld GPS to log continuously during recovery (to
reconstruct where ground line ends up). Put somewhere outside on boat.
Upon reaching the buoy, hook the handle of the buoy and get closer

Break zip ties and collect recovery coil

Position the buoy over the anchor (use preset GPS coordinate)? (not sure this is possible or
needed)

Pull out the ballast chain onto the boat using recovery coil

» Quickly detach the mooring line and the ballast chain

» Simultaneously attach the ground line to the mooring line

» Also attach tending line to ballast chain (this is the smaller of the lines)

Meanwhile, attach and secure towing lines to the buoy

» Thread long rope through both handles

» Tie ends on boat cleats on either side of boat

Pay out the ground line toward the shore while towing the buoy slowly (straighten the
ground line and drop it at the release tag)

» Attach 5-10 pound weights at 50ft intervals, if not already attached.

» If possible, mark waypoints with GPS as you deploy ground line

» At the very least, mark beginning and end of ground line.

Tow the buoy carefully to DNR station (2-4 knots) while holding ballast chain off lake bottom;
adjust tow ropes as necessary

Remove to shore/trailer using cranes across from DNR station

Promptly remove electronics housing and secure data logger and batteries in a safe and dry

environment. Cover hatches with covers.

Item list for buoy retrieval

O0O0O00o0o0ooOoOoOoOoooaa

Boat hook for grabbing onto buoy when close

Knife

Lifting belt (3) — for crane

Cotter pins (both sizes)

Ground line — 200ft polypro is advantageous

Handheld GPS — to record the layout of the drag pattern

Backup batteries — for GPS

Wrenches —to remove shackles to attach ground line to main line.
Long nose plier —to remove cotter pins

Wire cutters (as many) - to break zip ties quickly

Duct tape —in case someone talks too much. Just kidding.

Straps -

Sealing plates for buoy — for trailering, as well as bolts for these plates (where are they?)
Gloves (more than 2 pairs)

Hooks (available on DNR vessel)
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After deployment
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Appendix D: Program used for 2012 deployment “Buoy 13.CR1”

'CRIOOO

'Codad for buoy heildl 15 by RES of CEI.
'Crstomear: O3y Tooy, Civil Emogimeepig, Fuaodoe.
'‘Repdaced CRIOAD ipterpael Li backup babioery.

'Explicitly Force pipelinemods jmstesd of seguentiglmods opr @llondiing compiler subo salack .
PipeLinelode

'Declare Fariakles gid hits

'‘Public Umick: wpd As Doclesr ‘Lafh ir 35 217 =Mample.
Pkl i GLO.S‘_;pl As Boolaan '‘Laft im a5 321 axample.
'‘Peblic MOEBD gl As Boolesm ‘Laft im a5 am axmample.
Dim AirTt 5 'z

Public Bak &V '3

Puklic PTem;_rJ_C '

Public WS ms ‘&

Public WindDir 17

Public AixTC ‘g

Pubhlic B ‘9

Public TdC '

Public WaterIT ‘11

Public BF mbar ‘iz

Public Sizdf x

Public IWSSEring Az String * &4

Dim TREDede(S) 'De e stpipy of 9 fHi=lds
Alias IWSData(l) = Heading ‘1

blimss TAEDeix(2) = Haved=iglxt '8

bliss TAEDei=(3) = Wavalasriod ‘1

bdlimss TAEDeba(d) = Wavaldipeobkion '17

Alias IWNEFDetz(5) = a1 '8

blias INEDetzic) = b1 ‘i

blias IWEDate(7) = af t20

Alias IWEDetz2(8) = b2 21

Alias INSDetx(3) = Age ey

Public TruaffiodDid o

'‘Dafipe wriable wtzaids
hits Baiil = Wolts

Mhits Plamp © = Deg C

Mhits &5 @ms Meters Second
hits WipdDir = Degress
hits AiprTC = Deg C

Mhits RH = %

Mhaits Tdd = Deg C©

its WeterTC = Deg C

hits B mber = mbar

Mhits S21z4P=T/m"Zzsdsxex
Mits Hesdimg = Degress
hits WewvweHsigkt = Meters
Miits Wawelariod = Seconds
Mhits Wewalinsc tios = Degrees
Mhiits 21 = Cosff

Mhits &1 Coeff

Mhits 22 Coeff

hits B2 = Coeff

Mits Age = Seconds
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Mits TrresffiodDis = Degrees

Const LOCAL TIME OFFSET = 0

Dim smes sembamce(Z) As String * 90
Public gps data (1E)

dlias gps dzéz(l) = lztitude 2

Alias gps deia(Z) = latitude b

Bliss gps detai3) = lomgituds 2

Alias gps deia(d4) = lowgituds b

Mlias gps dataif) = speed

Alias gps déz2(6) = coursse

dlias gps deée(7) = megetic verisbicnm

Aias gps dedaiB8) = fix qeality
dlias gps deée(2) = b satellites

dlias gps dzée(l0) = =21iduds
dlias gps deta{ll) pahal]

Miss gps datailZ)

df simcs gpems

Aias gps dzia{l3d) ogps_ready
dliss gps deteild) = mex clock change
Aliss gps deta(lE) b clock claigs

'Local dime of fset relative o UTD fime

Degress 1abitude (+ = Mordl, - = Sowbly)
\Mirmites lakbitude

'Degrass loagrituds = Eest, — = Wlast)
\Mirmites 1oparibude

' Epsad

'Couwrse over groizad

Magrraetic varigbtion from brue pordlh =
‘East s — = Wask)

'GPE fix quaelidyr 0 = imwelid, 1 =GP, 2=
'di Ffapmaptial GPS, & = askimated

Thwmbear of satellidfes wsed for Fix

'Arpterzze albibude

'wisec inte 520 of systen olook mizspn OPX
'pising edps cocwrs, bypicelly 320, 000 ocos
' 5370 =i

'Tige sitee last GFRMC string, pormuelly less
‘Ehen 1 seccid

'Cotgats from O ko 10, 10 = pready

M rimrm valuwe the olock wes ochamged i msSec
'Mamber of times tlhe olcok wes cligiged

Nafips Wiks to be wsed in date file hweadsr

Mhits latitude @ = degrees

Mhits 1eiituds b = minuates

Mhits=s .'.'.cng’it:m‘._e_a = degrees
Mits lopgituds B = mimikes

Mits spesd = m?s

Mhits cowrse = degrees

Mhits maometic variation = wmitless
Mits Fix cquelity = wmictless
nits smbe satellites = unitless
Mits aliituda = m

Mits prs = ms

(hits df simce gpime = =

Mhits gps ready = wmitless

Mits mexr clock olopgs = mws

Mits rmb?‘_claci’_ch&ﬂge = samples

'DNafipns Ieta Takle
DataTahle(Tablel, True, -1}

Daralrnkerval (0,10, Min, 10) 'Baccord deta i e table swery 10 mirmites |

Minjwim(l, Bzt &0, FPZ, Fal=se False)
Maximim (1, Flemp &, FPZ, False, False)
Average(l, WS ms FPZ, False)
Ha.ximum.lil,&E:ms,FPZ,FalEE,False:I
brrerage (1, Truaffiondli e FPZ False)

‘1
'z
i)
'
)

Hndiector (1 &5 &s, Trweaiindlier FPZ2,Fal=se 0,0, 1) ‘a7
FieldMNames ("3 ms & TWT WindDir D1 TWT")

brrerage (1, eI, FPEZ, False)
Maxiwm(l, RH, FPZ, False, False)
brrerage (1, 70 FPZ, False)
brrerage |l eterTC, FPZ False)
Ayerage(l,Br mbee, FPE, False)

‘g
‘g
tin
‘11
tiz
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brrerage (1, 5100, FPE  False) ‘13
Sample (9, WSDaetal), FPZ) vig - zF
Bampleil  latituds 2, FPE)
Sampleil,latituds b, FPZ)
Bample(l , loearitude 2, FPZ)
Saupleil,lomyituds b, FPE)
Bampleil , 21ti tuds, FPE)
Zampleil ,spead, FPE)
Bample(l ,ccuws=, FPZ)
Zampleil, fixy crelity FRZ)
Samplell rambe setellitas, FPZ)
Saupleil,gps ready,FPE)
EndTable

Wain Progras 50213 loop
BeogitiProg

Beriallpen (Com3, 115E00,0,0,1024) 'Chesez IWE ipas brvemernd oomm olwrEael

Boanil, Sec, 1,00
ExcitceW (Wxl,Z&500,Z00) 'Seb Tyl epgcitetion woliage do 257 for 107 bamp probe
ExciceVW (VWxz, 2500, Z00) 'Set VyD epgcitetion woltage to 2057 for wind direciico

'Dafeult Iatzlogoger Battery Vol fage messuremennt Baddl
Bartteryi(Bak &)

'Wipirg Pamel Tempeins fiide medsuremsnt Flesmp O
PanelTemp {Flamn &, 60H=z)

05108 Wind Speed £ Direction Saisor messirements WY ms id AEodlix
'DHgital sensor - speed cubpud is pualsed ood dimantice raguires axcitation.
'Use 'WindDir' for directics caelibiraiicia.

Pul seCount (W5 &s,1,1,1,1,0.03%,0)

If W ms = 0.1 Then &5 ms = 0

ErHalf iMimiDir,l,mUZED_D,Z,Z,l,ZEDD,D,III,_EDHZ,SEE,DII

If Wimdnip-=360 Then KEixadDiz=0

'] A0RTT Tempers fure £ Helgdive Hmidity Sopscor messiraments AieTE qond BT
Voltle (AizTC, 1L uWE000 3 0,0, &0Hz 0.1, -50)

Voltle (RH, 1 wWE0O0 4 0,0, &0H=,0.1,0)

If (EE=100) AMND (EE<102) Then RE=100

"D Doind celowlabioen, TAC

AixTl S=RizT0

DewPoint (TOC, AixT8 5, FH)

If TaC-AieTC 59 OF TaO=MAN Then Tob=3izTC 2

'ELI0ET Barometric Fressure Sonsor medsurement B mbair
VoltBe (BP mbar, ]l wWS000,7,1,0, &0H=, 0.120,500)

LI -200 Dyrancometer oedsudramerats 51000

'Soegling of 76.59¢6 for sawsor serial mmamiber TF 7605 (Buoy #1530

'Begiires millivelt adapbor 2220 or @ precisicr 147ohm pasistor eoross e lesds.
VeoltDi f£051e0, 1, wVWEE00, 5, 1,0, clHz , 7e. 36,100

If S1ef=0 Then S1zh=0

'IWE medsuremaeat - Tmerkial Wave Saasor
'Compass decliméicy of —ddoy 1imin pRs used Ffor hlwe MT City, OF loceéici.
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'Declimation is seb imbarmiel bo the WS
Zerial nPecord (Cow3, IWSSEedog, 10,0, 13, " 00)
Splicdcr (IWEDetel) , IWSSEedieg, """, 2,00

'Tewpa WEipd Direciion Caloulakion

'OTE- The headiog from the TWS is used in the followingy o2loula bion. In soame
'egsas it can provide erpopecws dede. Use 'WEipdDir' for direckticg celibiwebic.
TruafifpdDie = WEndDir + Haedioag

If TeuafiadDie == 360 Then TerueliiondDir = TruaifiodDis- - 360

'107 Temperabipe Prodbes fed Siieeheenth
'Surfece probe in Degreoss L
Thermnl0? iWeterTC, 1,5 UVxl, 0, c0H=z, 1,0}

'C3ll tabkle o store dats
CallTable(Tabhleal)

Seriallpen {Coml, 38400,0,0, Z000)
CPE (gps detal) ,Coml,IOCAL TIME OFFSET+3600,100,rmes sentencel) )

NextBcoan

'Use Sstftabius pericr o sogn if baud raete nesds o be alignged for devioce
'Scar (1, Sec, 0,00
'EPE fops debe, Ceml, LOCAL TIME QFFSET#*S&00, 100, mmwes satakencs (1))
‘MaxtSoam T -

Blowlequence
Scan(Z, Min, 1, O} ‘w85 1Mmin, shortaned o 2 for debug
Delayi(l, Z, Bec) ‘Al lowr For Some povvoessing bims.
‘A arxample of T reporéinng wiktlr 2o KL bemplete filae o e GLOS petpork.
! Tepo lupde "COUT #5022 LCRL)
! Mote: wse """ s5lash betwespn dirs and files
! Thii ol wgpl = FOIPCliead (wugleos ergis. wmicl edi", "USER", "PASSROEDY, "SR Trdoed . aml ", "amd S 250
! I-EEC_::;::I = FrAC1iespd (Moomms ke oed ogov", "URERY, "EASSRORDY, "TER DR deed . amd M, "SEO022" £ o
! GLOS wgpd = FTRCliesst (“www.glos us", "USER", "FPASSWORDY, "USR:Upload. mel ", "004525022" & racor
Nextican
' ErpdS ecgiasace 'CREesic doas ot like this even bhewgl: it is opbiceasl .
EndProg
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Appendix E: “Buoy 13_XMLcapable.CR1”

*This program is for future use. Only difference is that it also allows data transmission as a
XML file which NDBC and other institutions use.

'CRINOO

'Codad for busy edl 153 by RES of CET.
'Crstomar: Cary Troy, Civil Eoodimespisg, Fuandies.
'Replaced CRIOOD imterrm] Li backip batiery.

'Explicitly forsos pipelipemods imstead of soguepdielmods op 2llowding ccompiler subkoe seleck
PipelLinsMods

‘Daclare Fariables and its

'Public Umich wpl As Boclean 'Left in a5 211 apampde.
'Public GLOS wpl As Boolesn 'Taft i a5 @i exgmple.
Public MEEC ipd A= Boolean 'Laft inm a5 an erample.

Public Reelliz: wpl As Boolean
Dim peaeriodilag

Dim AirTE 2 'z
Public et il )
Mublic Ilemp © '
Public W5 ms 'E
uklic AEwadDiz "7
Public AizTr '8
uklic R ‘5
uklic THC 'in
Mublic WeéerTl 'i1
Mublic EFP mbar ‘iz
Public S1s:8F 'im
DPublic IWSStritg As String * &4

Dim TWSDa:a(9) 'Teta strimg of 5 fislds
lias IWSDeda(l) = Hesdisgr ‘14
Blias IWSDafz(2) = Wavel=igh# '1s
Alias INEDeiei2) = Waveleriod ‘1
Llias IWSData(4) = Wawallirectsion '17
Alias ITWEDei2i8) = al 'ig
Alias TWSDeézic) = b1 ‘19
Alias IWSDeiei7) = a2 ‘20
Llias IWEDei2i8) = b2 ‘21
Alias TWSDeizi9) = Age ‘22

Dublic TeeeafifieadDd e

Nafine wmriable wwiiis
Miits Bat:T = Wolts

Mhits Flemp © = Deg C

[hits M.S'_m.s = Meters,/Second
Mhits ffizdllizs = Degreses
Mits AipTC = Deg C

Mhits RH = %

Mhits Tdl = Deg C

Mits &eterTC = Deg C

Mhits EF mbar = mhar

Mhits Slfy=W/m"Zzsdsxes
Mits Hesdiwng = Degrees
Mits fevel=igizt = Metcers
hits fevePericod = Seconds
Mits fewelirecticogs = Degrees
Mhits el = Coeff

hits B! = Coeff
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Mmits a2 = Coeff

Mits B2 = Coeff

Mhits Age = Seconds

Mits Trreeffiodlisr = Degrees
Const LOCAL TIME OFFSET = 0

Dim mmes soprbciicse(Z)
Tublic gps datz {15}
Llias gps datall) =
Bliss gps detaiz) =
ops daka(3) =
gps dataid) =
ops daka(f) =
gps detaid) =
ops data(?) =

blias
blias
blias
blias
Alias
Alias gps d=&s(8) =
blias
Alias
blias

ops d=ta (3 =
ops data(ll) =
ops data(ll)

Alias gps deia{lZ)

Mias gps data(ld)
ops data(ld) =

ops daba(15)

blias
blias

L= Btring * 20

latitude a
latitude b

Qi bude 2

1oy bude b

Spsad

SOUE 2

magraetic variatics

fiy quality
zmbr_ s2ballitas
213 b
s
dt simce gpimme
ops_ready

may clock change
b clock olwis

'L el bime offset relativwe o UTD &ime

‘Dagrass labitude @+ = Mowdls - = Sowbla)
i rmekes 1akbibude

Nagrass lagritude (+ = Eask, - = Wast)
\MipRibes 1oparibuide

'Epesed

'Course over grotzd

Magrietic varigtiom from frie portlh 4 =
'Eask, - = Wast)

'GOS fix guaeliiys 0 = immlid, I = GES, 2=
'di Ffaerantial GIS, ¢ = astimeded

Mhembear of sebellibtos wsed for fix

'Aratermze albibude

'iisan inte s2c of system olook mizsen PPS
'rising adoge oocis, Eypicaelly 590, 000 space
' syracad

'Time sipee last GIRMC string, mormelly less
'Ehan 1 seccd

'"Cowgats from O ko 10, 10 = pready

e pimeme value bhe clock was changed i msoe
hember of bimes tlwe olcok wes chaerged

Dafipns Wits to be used in date file hegdsre

Mhits=s
Mits
Mits
Mits
hit=
Mhits=s
Mit=s
Mits
Mits
hit=
Mhits
Mit=s
Mits
Mits
hit=

latitude a =
latitude b =
lopgitide @ =
loritude b o=
spead =
SOlse =

mw/=
degre

magretic varis

Fiyg cuality =

2liituds = m

ps = ms
dt simce opems

rmhbr_c lock_cha

Nafips Meta Takle

b sebellites =

degrees=s
nimies

degrees
mirntes

es
ticer = mitless
mitless
unitless

= =

gps ready = umitless
may clock clmwngs = ns

e = samples

DataTahle(Tablel, True, -1}

Datalnterval (0,10,
Mirimom (1, Bat 17, FP
Mazimom {1, Flemy
hverage (1, W5 ms FP
Maximm(l, &5 ms, FP

Min,l0)
Z,Fal=ze False)
FPZ,Fal=se, Fal=e)
Z.Fal=e)

Z.,Fal=e False)

brrerage |1, Truaffiodni e, FPE  False)

MHndWector (1 W5 s, TrwdiindDisr FP2, False 0,0, 1)

'Beccrd dete in e table owery 10 mirmibes .

‘1
'z
)
'
)
Yé, 7

FieldNames {"W& ms_& WVT,WindDir D1 WVT")

brrerage (1, AieTC , FP
Maximomil, BH, FPE F

2., Fal=a)
alse,False)

‘g
‘g
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brrerage (1, THC ,FP2, False) tig

brrerage |1, eterT, FPE, False) ‘11
Ayrarage (1, BP mber, FPE, False) ‘1=
Averag‘eil,.S‘l;&F,FPZ,False:l ‘13
Zample (9, WEDatai)  FP2) '1d = FF

Bample{l , latituds <, FPE)
Bample(l , 1etituds B, FP2)
Sampleil,lomyitude o, FDE)
Bample(l , loayituds b, FP2)
Sample(l,alti tude, FRE)
Sample(l , spead, FPE)
Samplell ,ocwsa, FPZ)
Bample(l, fixr qrielity, FPE)
Bample(l ,rzﬁ:hb;_satellite.s, FPE)
Bamplel(l ,gps re=dy, FPE)
EndTahble B

Main Progean 502 loaop

EBecinProg

Seriallpen (Com3, 1152000, 0,10z4) 'O INE fras brramesend oomm clwdrEiel

Boanil, Sec, 1,00
ExciteW (Wxl, 2500, Z200) 'Sat Tyl excitation woltage to 251 for 107 femp prcke
ExciteW (Wxz, ZE00,Z00) 'Sat Tyr excitation wolkage to 257 for pind direciion

'Dafeult Datelogger Dattary Vol tage megsuremend Babdl
Batteryi(Bat )

Wi ping Damel Temperd tiie bessuremend Plemp O
PanelTenp (Flemn &, 60H=z)

'O5 10 Wind Spesd & Directicp Sansor medsurements WF ms @nd WEdDis
'Digital sepscr - speed cubped is pulsed ad direckion recguires ewcoibtaedicos.
'ee 'WEpdDEir! fop direction oslibpration.

PulseCourt (5 s, 1,1,1,1, 0,098, 0)

If WS ms < 0.1 Then &5 ms = 0

ErHalf (Miuu‘.i'.‘.lir,l,mUZED_D,Z,Z,l,ZEDD,D,III,_EDHZ,SEE,D:I

If Adnipe==360 Then WipdDis=0

' @1 02T Temperas fure & HRelative Hunidity Sopsor megsurements AirTt qnd BH
Voltle (AizTC, L nW5000,3, 0,0, &60H=,0.1,-50)

Voltie (RH, 1 w000, 4,0,0, e0H=z 0.1,0)

If (RF=100; AMD (EH=102) Then RE=100

'"Daw Poing ce2loulabion, THC

AipTl S=AirIl

DewPoint (740, AierTC 2, BH

If TdC-AirTC 2 OR THC=NAN Then Tar=airTC 2

'l 02T Bercmetrio Pressurs Ssis5or oedsiicaerad BP_mar
Voltde (EP mbar,l wW5000,7,1,0, &0H=z,0.120,500)

LI -200 Dyranomeber el sipromerrts K100

'Soaling of TE.5968 Ffor sausor seriel mmber FF 77605 (Buoy 130

'Baggiines millivelt adaptor #2220 or @ precisicar 147qbm resistor 2oross e leads.
WoltDi ££(510, 1, mWEEOD, &, 1,0, &0H= , 76 36,100

If S1zf=0 Then S1zhF=0
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'IWE messuremerat - Terkial Wave Saascor

'Compass declimticgy of —ddsy 13min pRS used For tle MT City, IN loceéicia.
'‘Daeclimstion is set intarmel o the INE

SerialTnPecord (Com3, IWSSEedgr, 10,0, 13, "" ,00)

Splicitr (INSDetar)  INSSteiog, "', 3,00

'Tepe WEind Divecticy Caleulsticn

'MOTE- The headiog from the TWS i5 used inn the following calcoulaetion. In socme
'edsas it can provide erpoieows dede . Use 'WiondDis' for directicss celibrabios.
TruafGedlie = Wipdlie + Headig

If TeruaisadDie == 360 Then TrueliindDir = TrusindDisr — 350

'107 Temperatips Probe §ed Siieteherth
'Surface probe in Degrass L
ThermlO? (WebterTC, 1,5, VWxl, 0, 60Hz, 1,00

'C2ll table fo store dats
CallTable(Takhlal)

SerialOpen {Coml,38400,0,0, 2000
GPE (ops datal) ,Coml,ICOCAL TIME OFFSET+3600,100,me: sentercel) )

NextBcan

'Use Setitatis prior o scan 1f baud raete nesds bo be changed for device
'Soar (1, Sec, 0,00
'GEE (gps_defe, Coml, LOCAL TIME QOFFSETHSE00, 100, mmea senbence (1))
' Way £ 5 0am

BlowdSequenice
Soan(ld, Min, 1, O} 'wEs 1lmin, shorderped bo 2 for debug
Delayi(l, £, Bac) 'Al e For Sofie processiiag Eimms.
Include ("CPI:Buowl? WML, CEL")
'‘Wotar wse """ botpsen dirs 2nd files
! Toicly wpl = FIPCliend (uglos eragrin. wmick oedi", "USER", "FASSRORD", "ISR-Uploed. amd ", "Emls 850
Frncing u;:;l = FTPClient ("comms.ndbc.noaa. gov", "USER" " PASSWORD ", "USR: Thload. xnl" ,"4E0EZ2" & re
! GM_S_anl = IR 1iespt (Mpeweoglos us", "USER", "FASSORDY, "FER: Upload. aml ", "00E 45052 £ pecor
Resllma upl = FTPCliert ("ftp.reelirm. com","udf4d5440-emrerhean", "toshale ", "TER:Tpload sml",
Nextioan
Endfequence 'CREzsic doas moé like s owven tbewd: it 15 ophiceml |
EndProg

Appendix F: “Buoy 13_XML.CR1”
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*This program is referenced by “Buoy 13_XMLcapable.CR1” to enable XML transmission. This
program and “Buoy 13_XMLcapable.CR1” should be installed together.

'St Usplrivelize o 0192 bytes for this fuwedion to nork.
Dim Taeklel XML(3Z) 'set edgrezl fo rmwmber of fields in daeble

Public dompd As Float

Dim fileffzrdile
Dim #imeftamp As Scring * EL
Lim zrecond

'Sat Iast pecord in Tekles agquual do the Aveay for processimng belows
GetRecord (Tablel MML{), Tablel, 1)

timaSiamp = Tablel. TimeBStampi(l, 1)
racord = Tablel  Becordi(l, 1)

'Filter INS mEve poricd to igpore valuss 105 grester bl mandig Sverdoe
If Taklel MML{1E) =1l E*dompd) Then

brgluni dempd, 1, Tablel 3L (L6}, 3)

EndIf

Tf dempd=0 Then dompd=3 ‘'Set dompd to § if pericd eguals O
If periodflag=0 Then deompd=Teblel XPML{16) ‘set dompd to wfiltered pesiod
pericdflag = 1

filaHzndle = Filelpen ("USR:Tpload :ml", "w", -1}

FileWrite (fileHapdls, "<Piml wersicon="&CHR(34)&8"1_0"aZCHE({Z4), o)

FileWrite (filefzpdla, " encoding="&aCHR{34) 4" I30-5555-1"aCHR{34) 4" ¥="aCHR(13)aCHR {10}, 0O}
FileWrite (filalzpdlsa, CHR(9) & '<messages"aCHR(13)4CHRE(10), 0)

FileWrite (filefzpdle, CHR(D)ACHR (94" <station=4 502592 /st ot don="aCHR{13) aCHR( 100, O)

FileWrite (filelzpdla, CHRIACHR (94" -<date="4§ fimeftemp 4"-</date-"4CHR(13)aCHR(IO), 0O

FileWrite (filafzpdlsa, CHRE(S)SCHR (94" -<met="SCHR(12)&CHR (10}, 0O}

'‘Begin cwsbom secbics For bhe Lusy

Filellrite (fileMzmdle, CHR(S)&CHR(S)&CHR (24" <vbat="4 Teblel MML(1l) &"</vbat-"4CHR{13)4CHR(10), O
FilelWlrite (fileMamdle, CHR(9)&CHR{S)&CHR(3)&" <wspdl="s Tablel XPL(3) &"-</wspdl>"sCHR{13)aCHR(10),
Filellrite (filefzmdle, CHR(S)&CHR({S)&CHR (2 &a"<qastl-"4 Tablel HML(4) &"</custl-"aCHR{13)aCHR(10),
Filellrite (filefzmdle, CHR(Z)&CHR(Z)&CHR (34" <wdirl="4 Tablel HMLI7) &"</wdirl="aCHR{13)aCHR(10),
Filellrite (fileMamdle, CHR(9)&CHR{S)4CHR(9) 48" <afnpl="4 Tablel XML(B) &"</atnpl>-"4CHR{13)&CHR(10),
Filellrite (fileHamdle, CHR(Z)&CHR(2)4CHR () &"<rrh="a Tablel XML(9) &"</rrh=-"4CHR(1Z) aCHR{L0), 0}
Filellrite (fileMzmdle, CHR(S)&CHR(S)&CHR (24" <dewptl-"4 Tablel HMMEL(10) &"-</dewptl="aCHR{13) sCHR(1
Filellrite (fileMamdle, CHR(S)&CHR(S)&CHR(3)&" <vtnpl="s Tablel XMLi1l) &"</utupls-"aCHR(13) sCHR(10)
Filellrite (fileMamdle, CHR(Z)&CHR(Z)&CHR () 4" <sbarl="4 Tablel XML{l2) 4"</sbarl~"aCHR({13) 4CHR(10}
Filellrite (filefsmdle, CHR(Z)&CHR(2)4CHR () 4" <sradl-"4 Taeblel XML(L3) 4"</sradl~"aCHR({13) 4CHR(10)
Filellrite (fileMamdle, CHR(S)&CHR{S)4CHR (D) &" <iwsheading="4 Tablel XML{l4) &"</ iwsheading="4CHR(1
Filellrite (fileMamdle, CHR(S)&CHR(2)4CHR () &" <wvhot="a Taklal XMLILE) &< vhots" aCHR{13) SCHR(10)
Filellrite (fileMzmdle, CHR(Z)&CHR()4CHR () 4" -“nfdonpd-"4 Tablel MMLI1E) &"</nfdounpds-"&CHR (13)&4CHER
FileWrite (filalzpdlsa, CHR(9)SCHR (9 4CHR (2 8" <donpd="& dogpd &< /dompd="SCHR (12 &CHR(10), O}
Filellrite (fileMzmdle, CHR(Z)&CHR(S)&CHR (34" “mrdir="4 Tablel XMLIL7) &< /mrdirs-"aCHR({13) 4CHR(10)
Filellrite (filefzmdle, CHR(Z)&CHR()&CHR () 4" <=al~="4 Teblel HML(18) &"</al="4CHR(13)aCHR(1O0), O
Filellrite (fileMamdle, CHR(S)&CHR{S)4CHR (D) &"<bl="& Tablel XML(19) &"</bl-"4CHR(1Z)aCHR{1O0), O}
Filellrite (fileMamdle, CHRE(S)aCHR{S)4CHR(2)&"<az="s Tablel MML(Z0) &"</az-"aCHR(1Z2)aCHR{1O), O}
Filellrite (filefamdle, CHR(S)&CHR(S)&CHR (2 4"-bZ="4 Tablel KML(Z1) &"</bZ-"aCHR(13)aCHR(1O0), O}
Filellrite (fileMamdle, CHR(9)&CHR(S)&CHR (D) &" <hye>"s Tablel XpL(22) &</ hges-"aCHR(13)&CHR (10}, O}

FilelWlrite (fileMamdle, CHR(Z)ACHR(S)&" </ met =" aCHR(13) aCHR(10), 0O}

FileWrite (filefemdle, CHR(9)&"</message=-"4CHR(L3) &CHR{10), O}
FileClose (filaHaadls)

Appendix G: Inertial Wave Sensor (IWS)

OEL . IWS

Ocean Engineering L aboratory Hardware Rev 1.3
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Directional Analysis

A spectral analysis is performed on the frequency data to determine directional properties of incident wave trains.
This processing includes determining the first five Fourier coefficients, ap,a;,by,a;,b; from the co-and quadrature
spectra (as in Longuet-Higgins et al. 1963, and Steele et al. 1985).

The Fourier coefficient are defined as follows:
C

=

™ Where k = 2nfwavelength. C and Q are the co- and quadrature

J =& spectra at each frequency.
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Appendix H: Temperature String Buoy Notes

Starting in 2014, a temperature string was added to the buoy in order to measure water
temperature in the water column below the buoy. The following table contains detailed
information on the locaiton of the temperature sensors mounted to this temp. string.

Real-Time Buoy Temperature String Configuration
Temp. Logger Number Depth From Surface (ft) Depth From Surface (m)
1 3.67 1.12
2 6.42 1.96
3 9.17 2.80
4 12.17 3.71
5 15.17 4.62
6 18.17 5.54
7 21.17 6.45
8 24.17 7.37
9 27.17 8.28
10 30.17 9.20
11 33.17 10.11
12 36.17 11.02
13 39.17 11.94
14 42.17 12.85
15 45.17 13.77
16 48.17 14.68
17 51.17 15.60

The temperature string is on the same power port as the GPS. This means that it is not on 24/7.
Instead it turns on every 10 minutes to take a reading and transmit data.

It is recommended that an RBR be mounted at the base of the temperature string to verify
depths of temperature sensors at the end of deployment.
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Appendix I: Annual Buoy Notes

2013 Notes
2013 Deployment:

rented U-Haul 12’ by 6’ trailer for buoy and towed it with the Fishery Dept Truck
Drive is about 2.5 hours straight up 421 to Mich. City. They are an hour behind.

3 people used for deployment not including DNR staff

2 went with DNR staff on boat to retrieve the mooring line and attach spar buoy
1 stayed to assemble weather buoy and confirm data transmission

Equipment:

0 Tow line (long white one)

O Large orange float w/carribeaner for quick attach/detach when mooring line is
on boat. This is a safety in case we drop the mooring line before putting on the
spar buoy.

0 Spar buoy with working light, ring, tag line, swivel. In case spar buoy is out for
quite a while.

Weather Buoy assembled using crane opposite of the DNR station

Once assembled ballast chain was attached and retrieval rope secured to the buoy the
tow rope was attached to the end of the ballast chain (figure 8 follow through knot was
used but in future a knot that is equally secure but is more easily untied is suggested
possibly double fishermans or bowline)

Using the crane and two lifting straps on two handles on the buoy deck the buoy was
lowered into the water behind the boat using the ballast chain and tow roped to guide
the buoy

When the buoy is in the water, the lifting straps were removed and a long tow rope was
slipped through the two handles on the buoy deck and the ends were secured to the
boat for the tow

When towing, the ballast chain tow rope was tied off just as the ballast chain touched
the back of the boat (this allowed for a more streamlined configuration of the buoy and
the tow could take place at a faster speed)

The retrieval line of the spar buoy was pulled in and the buoy pulled aboard. we clipped
a float to the mooring line using a mini carabineer and removed the mooring line from
the spar buoy

The mooring line was then attached to the shackle on the end of the ballast chain

As soon as the mooring line was attached to the ballast chain the tow ropes were
removed and the buoy was deployed

Retrieval of the ground line was tough and a new method might be worth looking into
for the future — Ed V. recommended the following:
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1. Attached 200 ft of large diameter polypropylene line (about %”) with 5 Ib weighs
about every 50 ft.

2. Wedidn’t use any floats

3. ljust used a small diameter rope/string to let the last part out so that we get good
extension of our main drag line

4. Biggest problem for us was ensuring our grappling hook was on the bottom when
we were trolling. We had to add additional weight to it to get to the bottom

5. We used our small boat (24 ft) so we could easily tell when we hit the bottom and
we wouldn’t miss the drag line.

6. We have used this method successfully three times and hit our drag line every time
on the first or second pass

In water notes (2013):

The temperature and relative humidity sensors have stopped working and are returning garbage
data. Need to fix these over the winter.

Jay Austin recommends not using the cotter pin shackle as theirs failed and they had to retrieve

the buoy.

Next year, be organized enough to place the buoy prior to Memorial Day. Requires deployment
to be ready to go for the first week after finals. Notify DNR well in advance. We may potentially
be deploying the T-chain for the first time, which may require divers to reconfigure the main line
attachment/configuration.

Is it possible to check the wave periods and wave heights using the AWAC?

Would be nice to do the website with Matlab, to make some better graphics, and also to create

some pages that discuss nearshore physical processes.

Buoy recovery (October 29, 2013)

Went very smoothly. Works best with chain all the way up onto the boat, close to the large
center cleat.

The key is really to get the right weather day.

Perhaps start looking for recovery days starting October 1, given how we had to wait so long for
the right day this year.

If you need to get the crane key for the dock, walk to the Port Authority and tell them you are
working with the DNR. It should be free.

We did not do a great job of marking the ground line layout, but the final position was marked
as 715 and located at 41.75598, 86.96928. With this coordinate and the known anchor position,
we can reconstruct the line. The cruise track is also saved in the GPS (at least right now it is,
11/4/2013).

2014 Notes

Stuff to fix/improve:

Fix all busted sensors, get thermistor chain. Fix solar panels.

Make sure to put in fresh batteries onto light. Consider backup light, with robust attachment.
Website — incorporate filtering algorithm.

Be organized enough to deploy immediately after/during spring finals, in time for Memorial Day.
Create online directory/slide show of deployment, recovery movies and photos, to help refresh
our memories and train new personnel when we work on buoy.
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New temperature chain — planning

Phone call with Ed, Feb 12, 2014

We will remove the ship chain and add a lead ring. Need ~150Ibf dry weight.

Ed uses 2 lead rings + 50Ibf weight (below t-chain) such that total weight of string+weights is
same. He thinks that he has an extra lead ring that we can add to the base of the buoy.

The t-chain will be terminated in a way that would allow us to add a pressure sensor at the
bottom if we desired.

We’ll be getting rid of the chain entirely, with the additional weight (at bottom of t-chain) and
lead weight on buoy taking its place. That will make recovery a lot easier, | think. The recovery
will still be the same as before.

The t-chain will be detachable near the through-ports at the buoy, which will make it easier to
disassemble at the end of the year.

Ed has an extra older solar panel in case ours is damaged; or, we can upgrade to a higher-power
panel (or more panels?) if we want more juice.

Anchor “Recovery” (May 19, 2014)
e Coordinates: Anchor--41.75532, 86.96847
End of Ground Line-- 41.75598, 86.96928

e Buoy delivered to Michigan City (Ed). Ship chain is removed and t-string is attached with
new weight system in place. New solar panel is installed. All sensors are fixed.

e DNR dragged for anchor line at the given coordinates, but were unable to find it.

e After alot of grappling (and even a lost grapple), DNR has given up and it’s up to us: the
dream team of buoy deployment.

Anchor Recovery (June 03, 2014)
e Anchor found. Ed’s 5-pronged grapple was dragged from the front of the Purdue
Forestry boat while the boat slowly moved in reverse over the anticipated line location.
Line was snagged during first pass with grapple. Spar buoy deployed with solar “deck
lights” to mark location for later weather buoy deployment.

Buoy Deployment (June 06, 2014)

e Buoy successfully deployed at 12:00:00 PM Eastern time.

e Buoy was lowered into water by crane across from DNR station and towed to anchor
site. Towing was done using line tied to bottom of buoy (around the metal “pyramid”) as
well as a line tied to one handle at the top of buoy (NOT tied to instrument “antenna”).
The bottom line was immediately tied to the clevis in the center of the DNR boat deck.
The upper line was held by hand until we got under way, at which point line was let out
until the buoy seemed stable and then tied to the same clevis as the lower line. This
seemed to work very well.

e The temperature string collective (temp string, stainless steel cable attached to temp
string, the lowering rope attached to the stainless steel cable, and the 45 Ib weight at
the base of the temp string) were kept in the boat as much as possible to avoid damage
to the instruments or boat prop.

e Upon arrival at anchor site, the upper towing rope was removed from the buoy. The
base of the temperature string (where the 45lb weight is attached) was shackled to the
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end of the stainless steel anchor line. The temperature string was then lowered into the
water slowly (care was used to avoid tangling the temp string on the underwater
portion of the buoy).
Finally, the lower tow rope was coiled and tied to one handle on the above-water
portion of the buoy, and the rope used to lower the temperature string was coiled and
tied to another handle. According to Ed, it is important to tie this temperature string line
tightly in order to avoid underwater tangling which would gum up the buoy swivel.
An RBR was attached to the bottom of the temperature string. It is co-located with the
lowest temperature sensor.

O SN:011935

0 Period: 10 seconds

O Start: 5/26/2014 12:00:00 AM GMT

O End:10/31/2014 12:00:00 AM GMT
Buoy data transmission was tested by checking it on http://166.142.24.148
Upon retrieving the ground line that is used for anchor line retrieval, it seems like we
are missing a single 5 Ib weight. It may be worth replacing this weight before we retrieve
the buoy at the end of the season.
Other notes from Ed:

0 Remove batteries and electronics carriage when you transport the buoy long

distances on the trailer.
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